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Preface

We are delighted and honored to announce the success of the First International Con-
ference on Intelligent Systems in Computing and Communications (ISCComm 2023),
held on December 8–9, 2023, at the Mangalore Institute of Technology & Engineer-
ing in Moodabidri. This conference brought together leading researchers, academicians,
and industry professionals from various countries worldwide. The conference featured
prominent figures from academia and industry as our conference chair, co-chair, pro-
gram chairs, and track chairs, including experts from top-ranked Indian Institutes such
as NITs and MITs, and prestigious foreign universities. The dedication of the Advisory,
Program, and Branding & Outreach committees played a crucial role in ensuring the
quality of submissions and the overall success of the conference.

We received a total of 245 technical papers across four tracks: AI & ML, IoT
and Blockchain Technology, Communication Technology and Data Processing, and
Image/Video Analysis and Processing. From these submissions, 53 papers (<22%) were
selected for publication in Springer CCIS, comprising 36 long papers (≥12 pages) and
17 short papers (<12 pages), each undergoing three technical reviews. We extend our
gratitude to the staff of Springer CCIS for their continuous support and guidance.

The technical papers presented covered a wide range of application domains, includ-
ing healthcare, agriculture, automobile, civil and mechanical engineering, pharmacy,
cybercrime, and sports. We commend all the enthusiastic authors for submitting their
innovative research works.

The conference featured keynote addresses by renowned experts such as Raghaven-
dra Ramachandra from the Information Security & Communication department at
NTNU, Norway, Shanthi Sekhar from the Training Vision Institute, Singapore, and
Mahadeva Prasanna from IIT Dharwad, India.

We extend our sincere thanks to our esteemed sponsors, including Canara Bank and
Mangalore Refinery & Petrochemicals Limited, for their generous support.

We believe this collection of papers will be highly beneficial for researchers and
practitioners in AI & ML and their related fields.

December 2023 Shreekumar T.
Dinesha L.

Sreeja Rajesh
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Abstract. The field of cloud computing is changing in field of computer science.
Software companies are using cloud services to deploy their applications. As a
result, a lot of interest has been shown by researchers in this field. An important
challenge faced in this field is the question of how and when to scale the use
of hardware and virtual machine resources. As cloud services are costly, making
efficient use of them is necessary to prevent wastage of resources and which will
help companies in preserving there business. In this paper, we present a param-
eter value predictor using LSTMs and RNNs, both of then different predictive
mechanisms using neural networks and finding out which is more effective. Pre-
viously, approaches like different processing, mathematical models were used to
scale microservices. Those approaches were not optimal as they are not good at
predicting loads and hard to manage. So, we use Reinforcement Learning, namely
Double Deep Q-Networks Algorithm, as this approach automatically monitors the
parameters which are essential for scaling and triggers the effect (action) onsite
immediately. It also balances the acts of exploiting the environment and exploring
the environment, using the computing resources and computing cost-effectively.

Keywords: autoscaling · reinforcement learning · double DQN · Average
Memory Utilization SLA

1 Introduction

The traditional approach to application deployment has been to deploy applications in
a monolithic architecture. These applications typically consist of a single directory. As
the number of clients increases, multiple instances of the application may be deployed,
resulting in an increase in load that must be balanced. To address the numerous con-
straints, such as overloaded containers, IDEs, and the inability to dynamically scale, a
new architecture, known as microservice architecture, has been developed. This archi-
tecture divides applications into atomic modules, and scales these modules rather than
the entire application. This model allows for the creation of new instances of these mod-
ules when scaling, providing improved fault tolerance and maintainability, among other
advantages.
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In microservice architectures, cloud service providers face the challenge of ensuring
that Service Level Agreement violations do not take place. Service Level Agreements
usually specify the performance expected from the computing infrastructure and failure
to adhere to it will lead to monetary penalties. At the same time, cloud service providers
also have physical and financial constraints to scale up or down. Thus, ensuring that the
hardware resources, power, etc. offered by the Cloud providers are used at an optimal
level is a tough question to answer.

Predicting when to scale in a model is most important, they are different prediction
available among those we chosen LSTM, an artificial RNNmodel used in deep learning.
In such network, as opposing a typical feed forward neural network, there are feedback
connections. Along with processing data with individual points, images for example, it
can also process data sequences, like speech and video. A standard LSTM entity has the
following components: a memory component called cell, and three gates for overseeing
the information flow, called input, output, and forget.

An RNN formed using LSTM entities can undergo supervised training on a prede-
termines training data, employing an optimization algorithm such as gradient descent,
along with back propagation to calculate the loss gradients. Values of errors are sent
back from output layer, and it is saved in the cell of the LSTM entity. Such a mechanism
enables continuous learning from the errors.

Reinforcement-Learning does not require labeled datasets or any supervision. The
model has zero knowledge about the environment and itmakes its owndecisions based on
trial and error approach and develops policies thatwill yield our rewards and punishments
based on the action done for a particular state. This is done for n episodes till we get an
accurate model. Generally, training in reinforcement learning is a very lengthy process
as it takes a long time for values to converge to a point and it consumes a lot of memory
for storing action-state pairs. This can be solved byDeep Reinforcement Learning where
we use Q-value function and convolutional neural networks to predict the future rewards
and actions to be taken at a particular state so that we getmaximum rewards. Thismethod
minimizes memory wastage when we deal with a ample state action pairs. This study has
described the working of an LSTM based value predictor which can be given as input for
a DDQN to take autoscaling decisions based on the Average memory Utilization. We try
to design and develop an autoscaling policy formicroservices usingDeepReinforcement
Learning.

2 Autoscaling Algorithms

Scaling is the ability of cloud computing resources to handle increasing or decreasing
demands in a flexible and graceful manner. Scaling is classified into horizontal and
vertical scaling based on how computing resources are distributed in the infrastructure.
Within the framework of scalability, horizontal enlargement encompasses the integra-
tion of supplementary machines into a prevailing machine cluster, while vertical scaling
encompasses the augmentation of potency or resources for an extant machine. In our
project, we will be using the Horizontal Pod Autoscaler along with a Double DQN ser-
vice. Based on memory being used at that moment, Horizontal Pod Autoscaler modifies
replicas. In scenarios where memory consumption rises, HPAwill initiate the creation of
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new instances, potentially leading to a situation where the cluster lacks sufficient room.
When resources are inadequate, the Cluster Autoscaler will strive to deploy additional
nodes, allowing the newly spawned pods from HPA to find a suitable environment. In
instances of decreased workload, HPA will deactivate some replicas. Consequently, cer-
tain nodes could experience reduced utilization or become entirely vacant, prompting
the Cluster Autoscaler to terminate these surplus nodes.

Based on when scaling decisions are taken, scaling is divided into reactive scaling
and proactive scaling and hybrid scaling. In reactive scaling, resources are scaled based
on loads that have already appeared. In proactive scaling, resources are scaled based
on loads that are expected to appear in the future. In the hybrid type, a combination of
proactive and reactive scaling is used. For example, containers or virtual machines may
be scaled using a reactive approach but individual pods inside the containers are scaled
using a proactive approach. In our project, we use the hybrid scaling approach. We use
an LSTMmodel to predict metric values, which will be sent to the Double DQNmodule
to take scaling decisions.

Generally, parameters like CPU usage, memory usage, requests served per unit time
are the parameters used by most researchers to make scaling decisions as these are the
parameters which are directly obtained from the machine and so, give us a better picture
about the state of the machines which we are trying to scale. Metrics like packet rate,
bandwidth, average end to end delay are obtained from the machines as well, but they
tell us more about the state of the network’s state than that of machine.

3 Reinforcement-Learning

Itis a learning methodology that does not require labeled datasets or any supervision.
Here, an agent learns to solve a problem using the trial and errormethod. For every action
the agent performs in the environment, there is either a reward or a penalty. The agent’s
goal will be to take the rewards value to maximal as it learns through each and every
iteration. Here, it is the programmer who sets the rules i.e., the rewards and penalties for
a given problem. Another important feature of reinforcement learning is that the agent
does not spend all its time on maximizing the rewards. There are times when it will
settle for a smaller reward in the present so that it may get a bigger reward in the future.
This act of settling for a lower reward at the present at the possibility of getting a bigger
reward in the future is called exploration. On the other hand, preferring to stay with the
option of getting a bigger score is called exploitation. Reinforcement learning systems
need to balance both these tasks. In general, a bulk of the time, about 80%–90% is spent
on exploitation and the remaining time is spent on exploration. It is the epsilon greedy
strategy.

Commonly, issues resolved through Q-Learning can be framed within the context
of a Markov Decision Process challenge. Markov Decision Processes encompass the
following elements: a finite assortment of states, a selection of actions accessible for each
state, transitions connecting states, rewards linked with each transition, and a discount
factor, ranging from 0 to 1, that gauges the distinction in significance between immediate
and future rewards.
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Q-learning constitutes an approach that determines the optimal course of action based
on a self-evaluative variable signifying the value attributed to being in a specific state
or undertaking a particular action in that state. An intrinsic Q feature takes a state and
an action as inputs, predicting the resultant reward, including all subsequent actions, for
that action. Until an exploration phase occurs, Q maintains a constant, predetermined
value. But then, when we further analyze the setting, Q gives us a good estimation of
the worth of a specific action at a given state. The Q function is updated as we run more
and more iterations. This is a formula that demonstrates how to solve a problem using
Q-Learning (Fig. 1).

Fig. 1. Equation 1

These are the variables which are used in the given equation:

Alpha: This is the learning rate, which specifies how aggressive our algorithm should
be when it wishes to update score values.
Reward: It is the particular reward obtained for taking up a particular action at a particular
state.
Gamma: “The factor that characterizes the discount parameter is tasked with measuring
the distinction in importance between the immediate rewards derived from exploitation
and the time allocated for conducting exploratory actions. It is the epsilon greedymethod.

However, if we only use Q-learning, it has its disadvantages concerning memory and
time to make decisions, so Deep Reinforcement learning was introduced to overcome
this disadvantage. Using this, we can generalize the Q-function values and rewards for
the future, unlike normal Q-learning, where we need to store each every Q-function
value and search for the highest Q-value from the table, which is time taking and long.
So in deep RL, we have a network layer introduced where we create the network to
predict the value of the upcoming Q-function and give the reward according to the q
value predicted, which reduces our work. Even if we use deep Q-networks to predict
the best Q-value from the Q-function, it overestimates the value as it always tries to
make greedy decisions. It creates what is called maximization bias in the learning part
with the overestimation causing many problems such as creating as giving importance to
unnecessary decisions in policy, which will reduce the efficiency of our network. So in
order to overcome this problem, a different version of DQN was introduced, which was
called Double DQN. It was able to solve the problem as it used two networks, namely a
Deep Q network and Target Q network, which help us to check the decisions made by
the network using the target network and add that decision to the policy. This will help
us to reduce the overestimations and get better Q-values. As a result, we are using this
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approach for our implementation, where we take a set of actions and states for scaling
based on the Q-value generated by the double DQN to scale out the application or not
in the cloud platform, which efficient.

4 Related Work

Yenel et al. proposal utilziies proactive scheduling, the scaling is done by iterating
through a state’s set to be achieved among a given states’ set, an idea which is used in
our project. Podolskiy et al. propose a predictive scaling model is used, but requests per
second are used as a parameter formaking scaling decisions [13]. The graph-basedmodel
of the microservice application is used to balance the application capacity statically. The
schedule of future scaling actions is generated according to one of the following policies:
Naive, best resource pair, only-delta-load policy. However, the downside of this paper
is that it is limited to microservice web applications with a homogeneous workload.
Models employed are limited by the capacity of the application expressed in terms of
RPS.

Kwan et al. propose a reactive scaling model can be used with CPU utilization the
metric for scaling [14]. In scenarios where resource allocation surpasses usage and trig-
gers a signal to the algorithm, it indicates the availability of untapped CPU resources
for the specific microservice. For each microservice falling under this category, an
endeavor is initiated to engage in downward vertical scaling, entailing the reclamation
of resources from individual replicas to align the instance with the desired utilization
benchmark. Instances that undergo downward vertical scaling and subsequently witness
their assigned resources falling beneath a predefined minimum threshold are compre-
hensively removed. Conversely, the reverse procedure is followed for upward scaling.
It is crucial to acknowledge that this algorithm lacks the capacity to effectively man-
age workloads characterized by memory constraints and crashes. Gias et al. propose a
model where the length of message queues is used as a measure for scaling. Scaling
decisions are taken by solving multiple LQN models. To generate these models, queue-
ing theory is used. Baeur et al. propose a model where predictive scaling is used coupled
with a reactive fallback. To attain accurate predictions using a seasonal pattern model,
it is imperative to have access to a minimum of two days’ historical data. This recom-
mended methodology necessitates the integration of an external monitoring component
that systematically gathers the essential values. An important drawback associated with
this approach pertains to the uniformity of resources allocated for each instance of the
service [16]. In the research conducted by Song et al., they advocate the substitution of
a concealed RNN layer with an LSTM block. This strategic replacement enhances the
ability to effectively capture and model long-term dependencies, which is critical for
accurate metric value predictions aimed at facilitating scalable operations [17]. Kumar
et al. propose a model where one can predict the metric values using a three-layered
neural network. It uses self-adaptive differential evolution for training neurons in the
neural network. However, this is a costly approach compared to the one mentioned in
[17], so we have decided to go with LSTM for our project.
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Li et al. propose a paper where reactive scaling is used, and the average end to end
delay is used as the metric for scaling. If the average end to end latency is more than
the maximum agreed upon in the SLA, scaling up is performed. The problem with this
approach is that end to end delay is affected by external factors relating to networking
conditions, including interference, channel errors and congestion [19].

Li et al. propose amechanismwhich tries to usemultiplemetrics. Proactive scaling is
done using packet rate, link bandwidth and the number of cores as the metric. Utilizing a
linear programming paradigm alongside randomized rounding techniques, this strategy
systematically and efficiently achieves an outcome that is nearly optimal in nature while
also exhibiting a proactive approach to address potential challenges [20]. Hyun Woo
Kim et al. propose a mechanism which uses reactive scaling; The assessment of user
storage utilization involves an investigation into the monthly time aspect, allowing for
the anticipation of the envisaged fixed storage volume. This evaluation of performance
aspects is rooted in the analysis of clustered desktop resources [21]. The examination of
performance metrics is conducted distinctly for dynamic performance parameters (such
as the performance of idle CPUs, remaining memory, and storage capacities) and static
performance variables (comprising the performance of the underlying desktop - installed
CPU, along with the upper bounds of memory and storage capacities). Another paper
proposes using a complicated context switchingmethod, along with a hybrid mechanism
and a combination of horizontal-vertical scaling [22].

Gu et al. studied application needs and their performance requirement (virtual queue-
ing system) is used as a metric for scaling [23]. A shadow routing algorithm maintains
virtual queues and a greedy Primal-Dual (GPD) applied to the virtual system. In [24],
hybrid scale-up and horizontal scale-down are used. Utilizing a framework rooted in
the queuing model, this strategy involves the prediction of arrival times for individual
customers, subsequently leading to the determination of the minimal resource alloca-
tion necessary to meet their distinct requirements. In contrast to conventional practices
involving the fixed deployment of resources according to peak loads, this approach is
adept at substantially enhancing resource utilization, all the while ensuring the steadfast
maintenance of service quality.

Rossi et al. propose RL based Solutions for Container Deployment and adaptation
in the real-time environments of cloud services [5]. Generally, scalings are of two kinds:
Horizontal and Vertical for the deployment of containers; most of them use Horizontal
scaling. Fabiana Rossi, the author, combines both of these scaling methods and uses
RL to apply the scaling or not under varying workload conditions. RL is model-free,
and because of that, it takes a longer time to build a good model as it does not have
a priori knowledge about the environment. So author Uses a Model-based approach to
overcome this disadvantage so that our agent can adapt to the environment faster and
better resource usage whenever there is a change in the environment. Validation of his
work was done by implementing his approach in Docker Swarm, which adapts to the
environment accordingly and it was also done on AWS cloud services which showed
the comparisons of using A model-based solution and a model-free solution.

Yu et al. propose the Microscaler tool, which helps in identifying the microservices
to be scaled and scaling them automatically [6]. The design of Microscaler is unique
as it takes SLA violations as criteria to determine whether to add or remove resources
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instead of resource usage, which is generally done. As we know, microservices have so
many instances; we do not know which microservices are going to trigger the other. So
they have used service mesh layer over the microservices to detect SLA violations and
to get QoS metrics from the micro-services instances based on those metrics if there
is any trigger in SLA violations by any of the services then they have used Service
power to determine whether that app is underprovisioning or overprovisioning and act
accordingly. As QoS gives us the detailed conditions with numbers and they have used
Kubernetes to deploy microscaler on Hipster shop E-commerce services and showed
that the convergence of the microscaler better than the generally used ones.

Young et al. propose an approach to deal with massive development and increas-
ing complexity concerning development deployment and management of software [7].
They have proposed a solution that combines powerful functionality of microservices
and emergent systems software to overcome this problem. Microservices are indepen-
dent and running on its own, which has a container or pods which communicate with
surrounding instances. Microservices are very flexible in terms of deployment; scaling
and deleting was added to the emergent system software, which has three components:
assembly, perception, learning. In assembly, small tightly packed building blocks of the
local system are put together, and the model is developed. Perception module checks
the performance of the developed model and learning uses these models to get under-
standing about the environment and adapt accordingly. Using this process, they have
demonstrated using smart city microservice architecture that adapts to the parameters
generated randomly by the system. Combining these two things can yield better results
and help reduce the complexity of development.

Nanda et al. proposed a solution for container scheduling in microservice architec-
ture using machine learning algorithms. Microservices architecture advancement over
monolithic architecture and container as addon to it making it easy to use compared to
VMs in term of deployment time or adjustments. Scheduling is done based on the load
pressure of services with the help ofML using four eigenvectors of services in the current
time window these four factors help us in predicting how to schedule our container next
time window. CSML proposed in the paper helps in balancing load pressure and also
system performance which involves Random forest to differentiate and get a value from
the input retrieved from four factors.giving an efficiency over of container expansion by
reduced 50% and accuracy of 10–38% higher compared to feedback CSML.

Magableh et al. present an architectural model for microservices conforming to the
MAPE-K model for the purpose of self-adaptation. The proposed adaptation agent uses
aMarkov decision process (MDP). It uses a deep Q-learning Network (DQN) to pick the
action that gives the most reward. Deep Q-learning is one type of Q-learning. It makes
the function approximation with a deep neural network of many layers. Per the results,
the paper claims a reasonable rate of success using its approach in performing scaling
in reaction to different environmental alterations [1].

Magableh et al. provide a distributed model of a microservices architecture, in
compliance with the MAPE-K (Monitor-Analyze-Plan-Execute over a Knowledgebase)
model to attain self-adaptability. A central controller is used, which is backed by multi
adaptation agents (MDP). These agents continuously check on the environment and take
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actions that are chosen according to the results of a deep recurrent Q-network (DRQN)
algorithm [2]. This paper combines DRQN and Gated Recurrent Unit (GRU) cells.

Nouri et al. propose a controller that can react to varying patterns of inflowing jobs,
based on reinforcement learning and a distributed architectural base [3]. The architecture
detailed is decentralized, and it can get and manage resources to meet the Service Level
Agreement (SLA) goals of web-based applications, and it is also aiming to maintain
the infrastructure cost as less as possible. The design and solution of the Autonomic
Decentralized Elasticity Controller (ADEC) to handle elastic scaling is detailed.

Rossi et al. explore the adaptation of container-applications that are deployed in the
environment with varied resources and have Quality of Service (QoS) requirements that
must be met [4]. It proposes reinforcement learning (RL) based decentralized policies
to adjust the application deployment, where the changes are in container migrations and
elasticity. The paper first focuses on container - based applications’ elasticity, concerning
itself with vertical as well as horizontal scaling. The adaptation is structured perMonitor,
Analyze, Plan, and Execute (MAPE) design. The control strategy considered is hierar-
chical in nature. Next, the paper combines the placement and elasticity of containers and
elasticity of Virtual Machines (VMs).

Nanda et al. present a problem of the bin packing for multiple-resources, and pro-
poses a deep learning-based procedure to tackle the problem of container - placement on
physical machines [8]. This paper tackles the problem when containers are having vary-
ing needs for resources, and physical machines have varying capacities. The problem is
converted into a problem of deep learning using a deep reinforcement learning formu-
lation. It focuses primarily on two goals: learning every job’s resource needs adaptively
and tracking the resources already present.

Tozer et al. propose to improve system security by reducing the surface of attack. The
paper describes a method for building systems so that it is possible to transform them
into Markov Decision Processes for multi-objectives. It shows how policies are learned,
using a multi-objective reinforcement learning algorithm, that aids in minimizing the
attack surface of the system and executes the policies to achieve diversity while the
system is running. Microservices architecture is used to implement a dynamic system
that allows diversity in the configuration. Reinforcement learning algorithms for multi-
objective are evaluated. The three evaluated employ Pareto dominance to assess possible
actions that can be taken in any state. The first is the Pareto Q-learning algorithm. The
second is a variation of SARSA for multiple objectives. The paper also develops the
TD(0) temporal-difference algorithm for multiple objectives [9].

Ianucci et al. propose an approach to intrusion response by exploiting deep reinforce-
ment learning [10]. A system based on microservices is modeled, and Deep Q-Learning
and Q-Learning are evaluated and compared. A Markov Decision Process is used to
model the system. Experimental evaluation of the proposed approach shows that it takes
less time for calculating the policies while giving almost-optimal rewards. For future
work, the paper proposes that General Purpose Graphical Processing Units (GPGPUs)
can use deep reinforcement learning. It also proposes extending the approach presented
in this paper to situations having many attackers and many defenders.

Belhaj et al. describe a broad framework for creating component-based applications
that can adapt themselves to changing situations [11]. It also provides a way to integrate
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self-adaptive behavior into an existing application so that it will learn the best policy
when it is running. The framework is designed as an autonomic container. The process of
taking decisions is modeled as a finite MDP (Markov Decision Process). Experimental
results show a minimal extra cost, and the application adjusts well to ever-changing
environmental conditions, as well as the reduction in Service Level Agreement (SLA)
faults while learning, and improved behavior of the application once it converges.

5 Methodology

The typical LSTM entity has a cell, and three gates which are input, output, and forget.
The cell is for holding values in memory over time, and the gates oversee information
flow to and from the cell. Different types of the LSTM entity may not have some of the
gates, or they may also have different gates.

Theoretically, traditional RNNs observe dependencies in the input sequences, which
are for long periods of time. Practically, when using back-propagation to train a tradi-
tional RNN, the back-propagated gradients may lean towards either of two extremities,
zero or infinity, due to the nature of the calculations done. LSTM entities can partly
resolve this issue of the vanishing gradient, because they can also let the gradients to
pass unvaried. LSTMnetworksmay however face the problem of the exploding gradient.

The approach of Double DeepQ-Network (DQN) revolves around the utilization of a
pair of distinct Q-value estimators, with each estimator alternatingly updating the other.
This unique configuration aims to provide unbiasedQ-value assessments for actions cho-
sen based on the alternative estimator. By doing so, the issue of overestimation, often
encountered in traditional DQN implementations, is effectively mitigated. In standard
DQN, an agent might consistently select suboptimal actions due to the highest Q-value
criterion. This challenge is addressed through the application of the subsequent equa-
tions. Q-function is used in selecting the best action a with max Q-value among the next
state.

a = max
a

Q(st+1, a) (1)

Q′ is used for calculating expected Q-value by using the action a.

qestimated = Q′(st + 1, a) (2)

Updating Q function by using the expected Q-value of Q′ function

Q(st, at) ← Q(st, at) + α(Rt+1 + γQ′(st+1, a) − Q(sr, at)) (3)

Average memory utilization is a parameter which can be fetched from the kubernetes
at any time span of the process.so this parameter helps us to know the current running
status of the containers. Memory utilization of a particular pod in the Node which is very
useful for scaling of microservices if any containers is under utilized or over utilized the
system can identify those containers and scale the node accordingly. Basing on these we
always try to keep container utilization around 30–70% of its total memory limit so that
containers are utilized more and less resources consumption is done.
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The flow of the Double DQN module starts with Kubernetes, which has different
metrics to monitor the performance of the environment that is essential for maintaining
the cost-effectiveness of services.Wemonitor average memory used by each pod in their
respective containers after a particular amount of time, and we transfer the collected data
to the LSTMmodel which is used for predicting values for the given input for the future.

With the help of LSTM, we get the next memory utilization values. This will trigger
the deep Reinforcement Learning model which uses Double Deep Q-Networks which
will help us getQ-valueswithout overestimation unlike inDQN.Table 1 shows the states-
actions-rewards behavior for the proposed reinforcement learning solution. The set of
states is, S = S1, S2, S3, where each state is representative of the memory utilization of
a container. Then S = S1: MemUse < 30%, S2: 30% ≤ MemUse ≤ 70%, S3: MemUse
> 70%. The set of actions is, A = ++: scale up, –: scale down. The set of rewards is, R
= −1, 0, +1, +3, where a higher positive value indicates a positive favorable reward.
The table shows the possible actions that may be taken at each state, the possible states
that the actions may lead to, and the associated reward for each. S2 is considered to be
the most favorable state, assuming optimal memory utilization, and actions that lead to
it have the highest reward. Conversely, S1 has poor memory utilization, and has poor
reward. S3 may lead to overburdening of the memory, so even that has a poor reward.

Table 1. Transition states in the problem

Current State Action Net State Reward

S1 – S1 0

S1 – S2 +3

S1 – S3 +1

S1 ++ S1 0

S2 – S2 +3

S2 – S3 −1

S2 ++ S1 −3

S2 ++ S2 +3

S3 – S3 −1

S3 ++ S1 0

S3 ++ S2 +3

S3 ++ S3 −1
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6 Experimentation and Results

We have used a Long short-term memory (LSTM)-network for prediction of the next
arrival time of requests. The dataset contained 172000 samples. Of these, it was divided
into a standard training/testing split in the ratio 80:20. The single feature of timestamp
was considered for performing prediction. The data was standardized by the use of Z-
score normalization. 500 previous samples were used as a reference for predicting the
next immediate value of timestamp. An LSTM neural network model was built to solve
this regression problem. The LSTM built had a sequential input layer, an LSTM layer,
and a dense layer at the output. The training and testing of the model were done on
Google Colab. Keras and Tensorflow were used to handle the neural network.

In analyzing the early stages of training, we saw the model’s prediction was way
off from expected and intended values. When we looked at the behavior of training and
validation loss for the LSTM-based model, we noticed a sharp drop within 4 epochs.
After that, while the validation loss didn’t reduce to the level of the training loss, it did
seem to be decreasing very slowly. Further better observations can be found with tuning
the model parameters, taking approaches to mitigate overfitting such as getting more
samples, reducing network size.

Commenting on the variation in training and validation loss with a simple RNN
model, the behavior is more varying than that with the LSTM. The validation loss takes
more time than the LSTM to near the training loss, but it doesn’t seem to be converging.
More training, or slight modifications in the network itself might provide even better
results.

Table 2. Network architecture of the Q-Network and the Target Q Network

Layer (Type) Output Shape Number of parameters

dense1 (Dense) (None, 32) 192

dense2 (Dense) (None, 16) 528

dense3 (Dense) (None, 8) 136

dense4(Dense) (None, 2) 18

To test our Double DQN module, we have used a Random number generator for
each episode to obtain average memory utilization used by each container. We ran
7000 episodes in total for the experiment and we noted down the reward obtained in
each episode and the discounted reward in each episode. We used Random number
generate because currently we don’t have data from kubernetes attached to the model
so To balance exploration and exploitation which help in better learning of the agent,
The hyperparameters we used in our model are following we have used the epsilon
greedy strategy with the minimum and maximum values of epsilon being 0.01 and 1.00
respectively and the epsilon decay rate being 0.99. We have used a discounting factor
(the factor used to discount future rewards to current step) of 0.9 and a learning rate
of 0.001. Each episode runs 999 steps as we wanted each episode to explore the action
space as much as possible.
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We have used the MLP DNN architecture in both the Q and the Q target networks
and both of them have the same structure. The input layer has as many nodes as the
number of states, i.e. 3. The output layer has as many layers as action space cardinality
follows i.e. 2 layers. The ReLU activation function is implemented across input and
hidden layers, while linear activation is employed for output layers. The neural network
architecture encompasses three intermediate layers in total. The initial hidden layer
generates an overall output of 32 units, succeeded by a subsequent hidden layer with 16
units, and ultimately culminating in a third hidden layer yielding a combined total of 8
units. We have used a total of 874 weights in each of these networks, with all of them
being trainable. We have used the ADAM optimizer and Mean Square Error method to
calculate losses from Table 2 (Figs. 2, 3, 4 and 5).

Fig. 2. Graph showing total rewards when the agent stays in S1 throughout all episodes
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Fig. 3. Graph showing discounted rewards when the agent stays in S1 throughout all episodes

Fig. 4. Graph showing total rewards when the agent stays in S2 throughout all episodes

Figure 6 shows the total reward obtained when the agent stays in S1 throughout all
episodes obtained for each episode (in blue) and the number of iterations (steps) in each
of those episodes (in red). In this graph, the blue line overlaps the red line so it is not to
be seen. From the graph, we can see that in all the episodes, the reward is same. This is
because, according to Table 1, a reward of 0 is given when the agent moves from S1 to
itself, irrespective of whether upscaling or downscaling is performed.
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Fig. 5. Graph showing discounted rewards when the agent stays in S1 throughout all episodes

Fig. 6. Graph showing total rewards when the agent stays in S3 throughout all episodes (Color
figure online)

Figure 7 shows the discounted reward obtainedwhen the agent stays in S1 throughout
all episodes obtained for each episode (in green) and the number of iterations (steps) in
each of those episodes (in red). In this graph, the blue line overlaps the red line so it is
not to be seen. From the graph, we can see that in all the episodes, the discounted reward
is the same. This is because, according to Table 1, a reward of 0 is given when the agent
moves from S1 to itself and by multiplying the discount factor with 0, the result will not
change.
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Fig. 7. Graph showing discounted rewards when the agent stays in S1 throughout all episodes
(Color figure online)

Fig. 8. Graph showing total rewards when the agent goes from one state to another throughout
all episodes but spends most time in S2 (Color figure online)

Figure 8 shows the total reward obtained when the agent stays in S2 throughout all
episodes obtained for each episode (in blue) and the number of iterations (steps) in each
of those episodes (in red). From the graph, we can see that in all the episodes, the reward
is the same i.e., 1500. This is because, according to Table 1, a reward of+3 is given when
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Fig. 9. Graph showing discounted rewards when the agent goes from one state to another
throughout all episodes but spends most time in S2 (Color figure online)

the agent moves from S2 to itself, irrespective of whether upscaling or downscaling is
performed.

Figure 9 shows the discounted reward obtainedwhen the agent stays in S2 throughout
all episodes obtained for each episode (in green) and the number of iterations (steps) in
each of those episodes (in red). From the graph, we can see that in all the episodes, the
reward is the same. This is because, according to Table 1, a reward of +3 is given when
the agent moves from S2 to itself, irrespective of whether upscaling or downscaling is
performed. When we multiply the total reward with the discounting factor, we get a
constant value.

Figure 10 shows the total reward obtained when the agent stays in S3 throughout
all episodes obtained for each episode (in blue) and the number of iterations (steps) in
each of those episodes (in red). From the graph, we can see that in all the episodes, the
reward is the same i.e., −500. This is because, according to Table 1, a reward of −1
is given when the agent moves from S3 to itself, irrespective of whether upscaling or
downscaling is performed.

Figure 11 shows the total reward obtained when the agent stays in S3 throughout
all episodes obtained for each episode (in green) and the number of iterations (steps)
in each of those episodes (in red). From the graph, we can see that in all the episodes,
the reward is the same i.e., −500. This is because, according to Table 1, a reward of
−1 is given when the agent moves from S3 to itself, irrespective of whether upscaling
or downscaling is performed. When we multiply the total reward with the discounting
factor, we get a constant value.

Figure 12 shows the total reward obtained when the agent goes to different episodes
throughout all episodes, with a favouring to S2 though. S2 was favoured to show that
the graph is not entirely random and is dense in the middle, which is close to real
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life situations. The total reward obtained for each episode (in blue) and the number of
iterations (steps) in each of those episodes (in red) is presented in the graph. From the
graph, we can see that in all the episodes, the reward is different, indicating that the
rewards mechanism did work even when the agent moved from one state to another.

Figure 13 shows the discounted reward obtained when the agent goes to different
episodes throughout all episodes, with a favouring to S2 though. As explained above, S2
was favoured to show that the graph is not entirely random and is dense in the middle,
which is close to real life situations. The total reward obtained for each episode (in green)
and the number of iterations (steps) in each of those episodes (in red) is presented in
the graph. From the graph, we can see that in all the episodes, the discounted reward
is different as well, indicating that the discounting rewards mechanism did work even
when the agent moved from one state to another.

From these graphs, it is clear that the agentwas correctly rewarded as per the proposed
rewarding method in Table 1.

7 Conclusion and Future Work

In this paper, we have worked on an LSTM predictor for predicting parameter values.
From our experiments with the LSTMpredictor and the RNN predictor, we can conclude
that the LSTM predictor is a better choice as the RNN predictor is taking more time to
converge to a value.

We have also worked on an autoscaling algorithm using Double DQN. It was able to
solve the problem as it used two networks, namely a Deep network and Target network,
which help us to check the decisions made by the network using the target network and
add that decision to the policy. This will help us to reduce the overestimations and get
betterQ-values. In the future, wewill simulate the algorithm in theKubernetes autoscaler
which will help us decide the optimal values for constants like learning rate, discounting
factor, epsilon decay rate other hyperparameters and better reward functions.
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Abstract. The measurement of bite force stands a crucial parameter in assessing
oral health and functional capabilities. This research expands on this significance
by delving into the calibration of the Flexiforce A301 sensor, specialized for bite
force measurement, and its interfacing with the Raspberry Pi Pico W microcon-
troller. Through calibration, the study uncovers a clear linear relationship between
applied force and resulting resistance changes. This calibration process is opti-
mized by utilizing low drive voltage, which in turn informs the optimal config-
uration for an amplifier circuit with a 100 k� feedback resistor. Notably, with
a 20 kg force application, this setup yields a voltage output of 0.66 V, effec-
tively enabling the sensor to accurately measure forces up to 100 kg. The study
highlights precise calibration’s importance for accurate measurements and the
practical integration of calibrated sensors with microcontrollers to enhance dental
and medical applications, enabling real-time monitoring and analysis in bite force
measurement.

Keywords: Bite force · force – sensing resistor · IoT · data acquisition

1 Introduction

In the world of dentistry, a technological revolution is underway. Computer-based tech-
nologies have transformed dental care, enhancing accuracy, efficiency, and patient com-
fort [1]. These innovations, including the Internet of Medical Things (IoMT), link dental
devices to gather and transmit patient data, improving diagnosis and treatment plan-
ning. Intraoral cameras, digital radiography sensors, and 3D printers are part of IoMT
in dentistry, elevating patient care and practice management [2].

By seamlessly integrating wireless devices and sensors, healthcare professionals can
now monitor patients’ well-being in real-time, a critical advancement in early disease
identification and preventive care [3, 4]. The concept of teledentistry takes this progress
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further, making it possible to deliver dental services remotely. This groundbreaking
method employs tools like video conferencing, digital imaging, and remote monitoring
to offer dental consultations and treatments to individuals who may not have access to
in-person dental care [5]. Teledentistry, an emerging and evolving field, has the potential
to revolutionize dental care by widening its scope and making it accessible to a more
diverse range of patients [6].

Bite forcemeasurement is a pivotal advancement in dentistry, offering crucial insights
into oral health and masticatory function. It holds clinical significance, aiding in dental
evaluations, prosthetic adjustments, and diagnosing disorders like temporomandibular
issues. Accurate measurements empower healthcare professionals to make informed
decisions, leading to improved treatment strategies and patient wellbeing. This inno-
vation underscores bite force’s broader applicability in medical and dental contexts,
enhancing diagnostics and treatment outcomes [7–9].

The proposed bite system uses the versatile Flexiforce A301 sensor as an affordable,
adaptable, and user-friendly force and pressure sensing solution when compared to load
cell [10], strain gauge sensor [11] and capacitive type pressure mapping sensor [12].
Unlike bulkier load cells, the Flexiforce A301’s compact and flexible design simplifies
integration, even in tight spaces. In comparison to traditional strain gauge sensors [13,
14], it offers a simplified electronics interface for easy measurement with basic tools,
reducing the need for complex components.

Our system innovatively incorporates a low drive voltage concept for calibrating the
Flexiforce A301 sensor, enabling accurate force measurements of up to 100 kg. The
system’s versatility and increased measurement range make it suitable for more than
just its primary intended use, opening up possibilities for its utilization in numerous
other areas ranging from medical applications, sports equipment testing, to industrial
machinery, among others.

IoT and force sensors in dentistry mean real-time procedure adjustments for better
treatment. Sensor data with digital systems streamlines workflows. Success depends on
specificity, environment, and technical expertise, with potential to revolutionize dental
care. Steps involve sensor selection, hardware design, wireless integration, and software,
creating intelligent dental tools for improved patient care.

2 Design and Methodology

The Flexiforce sensor is a slim, adaptable force-sensing resistor used in robotics,
medicine, and automobiles for precise force and pressure measurement. With a sleek
design (0.203 mm thick) and a 9.53 mm sensing area, it ensures accuracy. It can measure
forces from 4N to 4448 N, operates in temperatures from−40 °C to 60 °C, and responds
in less than 5 µsec. This structure comprises two polyester substrates, with a layer of
conductive silver applied to each, and a subsequent layer of pressure-sensitive ink [15].
Its reliability and versatility make it suitable for various industries. Additionally, a cus-
tom 3D printed puck illustrated in Fig. 1 is employed to support weight on the A301
Flexiforce Sensor’s sensing area, with the puck’s upper part (9 mm diameter, 12.7 mm
height) securely attached to the sensor and the lower part (21mm diameter, 2 mm height)
designed for pressure application.



Revolutionizing Dental Treatment Through IoT 23

Fig. 1. 3D printed puck

Figure 2 shows the connection between the Flexiforce A301 sensor and the LM358P.
This setup enhances signal strength for easier analysis. The LM358P op-amp is vital for
accurate amplification and conditioning of the signal, ensuring reliable observation. This
configuration enables efficient signal amplification and monitoring, facilitating precise
analysis for diverse applications.

Fig. 2. Flexiforce A301 Sensor Connection with LM358P Op-Amp

2.1 Obtaining Low Drive Voltage

The Flexiforce A301 sensor measures forces up to 4,448 N (1,000 lb). Adjustments
can extend its range. Using a low drive voltage enhances its piezoresistive sensing,
accurately detecting force changes. This maintains linearity and captures both small and
large forces. A low drive voltage optimizes accuracy, reduces power consumption, and
avoids self-heating. For obtaining higher forces, lower drive voltages like −0.5 V or
−0.25 V and low feedback resistor resistance is used, but not below 1 k� for proper
functionality [16].Negative voltage converter using ICL7662 depicted in Fig. 3 generates
required lower drive voltage of −5 V.
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Fig. 3. ICL7662 Negative Voltage Converter for Flexiforce A301 Sensor Setup

Fig. 4. Voltage divider circuit

The generated −5 V is fed to the voltage divider circuit shown in Fig. 4. Table 1
shows reference voltages for two setups.With R1 = 1 k� and R2 = 122 k�, the output is
about−0.49 V. For R1 = 2 k� and R2 = 110 k�, the output is approximately−0.22 V.
These adjustments establish the desired low drive voltage for the sensor, ensuring precise
measurements within the specified range.

Table 1. Vout values for combination of R1 and R2

Vin (V) R1 (�) R2 (�) Vout (V)

−5 1k 122 −0.49

−5 2k 110 −0.22

To enhance the circuit’s performance, a range of feedback resistors is introduced in
conjunction with the LM358P op-amp as shown in Fig. 5. The objective is to determine
the optimal resistor for achieving the highest precision in forcemeasurementwhile align-
ing with the fundamental graph. This calibration spans from 0 to 20 kg. The connection
between the Flexiforce sensor and the LM358P IC, employing a feedback resistor Rf,
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is illustrated in Fig. 5. The sensor’s resistance is denoted as Rs. The circuit’s assess-
ment involves the use of two reference voltages: −0.49 V and −0.22 V, each paired
with varying Rf values. The behavior of this circuit is mathematically expressed by an
Eq. (1).

Vout = −Vref
Rf

Rs
(1)

Fig. 5. LM358P Op-Amp Circuit Calibration for Precision Force Measurement with Flexiforce
Sensor (Rs).

An optimal interfacing of the sensor with the Raspberry Pi PicoW involves selecting
the most appropriate feedback resistor and utilizing a compatible low drive voltage. This
configuration facilitates the automatic storage of force values, which can subsequently
be harnessed for in-depth analysis and seamless wireless transmission.

2.2 Interfacing of Flexiforce A301 Sensor with Raspberry Pi Pico W Along
with LM358P

The FlexiforceA301 sensor is integratedwith theRaspberry Pi PicoWusing an LM358P
amplifier circuit as shown in Fig. 6. This circuit choice with a 100 k� feedback resistor
and a −0.49 V reference voltage offers excellent linearity. The amplifier is powered by
5 V from Vcc and connects to GPIO 26 on the Raspberry Pi. A system-started Raspberry
Pi is supported by a switch between GPIO 20 and ground.

Using a suitable Micropython code an effective connection between the Flexiforce
sensor and the Raspberry Pi PicoW is done, achieving accurate voltage level conversion
for precise measurements with the help of the code and circuit setup.

At first the code enables the acquisition of data from the Flexiforce A301 sensor,
with the collected values automatically stored in a CSV file for future wireless data
transmission. The code allows us to derive voltage readings corresponding to different
applied forces. By plotting a graph of Force versus Voltage, we can observe a clear
relationship between the two variables. From this graph, we derive an equation that
serves as a reliable method to calculate force values based on voltage measurements.
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Fig. 6. Flexiforce A301 Integration with Raspberry Pi Pico W using LM358P Circuit

To determine the force values based on the obtained output voltage values, a linear
regression analysis is performed. This process involves creating a plot that establishes
a relationship between force and voltage. By fitting the data to a linear equation, we
can derive the force-voltage equation. This equation allows us to calculate force values
corresponding to different voltage readings.

As a result, force values from the applied pressure are derived, which can be seam-
lessly recorded and stored within a specialized microcontroller. These force values hold
immense value for various dental procedures and can be readily accessed and utilized
by dental professionals. Furthermore, using IoT technology patient data can be securely
stored in the cloud. This advanced system ensures that vital information is available to
doctors, promoting efficient and informed decision-making during dental treatments.

3 Results and Discussion

The results obtained from connecting the sensor to LM358P using a feedback resistor
are as follows. The simulation’s schematic diagram is visually represented in the corre-
sponding Fig. 7. The experimental values obtained for the connection utilizing reference
voltage settings of −0.49 V and −0.22 V, is presented in Table 2. The schematic val-
ues obtained and aligned precisely with the experimental measurements. The resultant
experimental plots corresponding to the reference voltages of−0.49 V and−0.22 V are
illustrated in Fig. 8a and 8b respectively.

Upon thorough examination, it becomes evident that distinct variations exist among
the values depicted across the different plotted graphs. Particularly, the plot correspond-
ing to Rf = 100 k� exhibits a higher level of linearity and demonstrates a significant
voltage variation when compared to the other plots. Similarly, the plot associated with
Rf = 10 k� also presents a considerable degree of voltage fluctuation.
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Fig. 7. Schematic diagram with feedback resistor and negative voltage reference

Table 2. Experimental output voltage for different Rf and Vref

Force
(kg)

Force
(N)

Rs (k�) Vout (V) for different values of Rf

100 k� 50 k� 25 k� 10 k� 1 k�

For Vref = −0.49 V

5 49.05 345 0.163 0.057 0.042 0.012 0.002

10 98.1 160 0.368 0.192 0.09 0.03 0.004

15 147.15 110 0.535 0.27 0.139 0.049 0.006

20 196.2 95 0.66 0.301 0.17 0.065 0.008

For Vref = −0.22 V

5 49.05 345 0.065 0.035 0.016 0.008 0

10 98.1 160 0.145 0.079 0.04 0.016 0.001

15 147.15 110 0.22 0.119 0.064 0.025 0.002

20 196.2 95 0.266 0.154 0.092 0.034 0.003

However, the plot achieved with Rf = 100 k� and Vref =−0.49 V demonstrates that
at a 20 kg load, the reading registers as 0.46 V. This observation implies that the circuit’s
capacity to capture output voltage can extend to a range of up to 100 kg. Consequently,
for further analysis, the configuration employing Rf = 100 k� and Vref = −0.49 V is
selected as the optimal choice.

The output voltage obtained by interfacing sensor to Raspberry Pi Pico W using
–Vref is represented in Table 3 and the linear regression plot of Force (N) versus Vout
(V) is depicted in Fig. 9. The graph illustrates a linear increase in values, indicating a
proportional relationship between the applied force and the measured output voltage.
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Fig. 8. Experimental results of Force Vs Vout (a) for Vref = −0.49 V, (b) for Vref = −0.22 V
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Table 3. Output voltage obtained by interfacing sensor to Raspberry Pi Pico W

Force (kg) Force (N) Vout (V)

1 9.81 0.0192

2 19.62 0.0248

3 29.43 0.0282

4 39.24 0.0451

5 49.05 0.0666

6 58.86 0.096

7 68.67 0.11

8 78.48 0.1669

9 88.29 0.1926

10 98.1 0.2354

11 107.91 0.2499

12 117.72 0.2617

13 127.53 0.2752

14 137.34 0.2936

15 147.15 0.3151

16 156.96 0.3538

17 166.77 0.3882

18 176.58 0.417

19 186.39 0.4415

20 196.2 0.4952

The relationship between force and voltage is established through careful analysis of
the graph. By analyzing the data points, an equation is derived that accurately describes
this relationship as follows: Voltage = (0.0026 * Force) - 0.0415. With this equation,
we can conveniently convert voltage readings back into force values. This conversion
process allows us to obtain precise force measurements when pressure is applied to the
sensor and is stored in the CSV file, as demonstrated in the corresponding Fig. 10. This
approach enables us to utilize the force-voltage equation to reliably record force values
from various pressure applications on the sensor. These valuable force readings can then
be used in dental procedures or other relevant applications, offering crucial insights to
dental professionals, and enhancing overall treatment outcomes.
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Fig. 9. Linear regression plot for Force vs Vout

Fig. 10. Voltage-to-Force Conversion in Sensor Data

4 Conclusion

This study focuses on calibrating the Flexiforce A301 sensor for precise measurements
and integrating it seamlessly with the Raspberry Pi Pico W microcontroller. Calibra-
tion and optimization of the sensor through low drive voltage and a 100 k� feedback
resistor, establishes a strong correlation between applied force and resistance changes.
The achievement of accurate measurements, notably a voltage output of 0.46 V for a 20
kg force, demonstrates the sensor’s capability to gauge forces up to 100 kg. Calibration
techniques ensured accurate measurements across a broad force spectrum, highlight-
ing improved treatment planning, data-driven decisions, and dental research. Success-
ful implementation requires careful consideration of application needs and technical
capabilities.
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Abstract. Software migration is a common problem for developers working in
industry or even working on personal projects. It is usually time-consuming and
difficult to test if it has been done correctly. Nowadays, many web application
frameworks have different versions, whichmakes it difficult to migrate, given how
frequently they change. One key example is the Ionic Framework, which is used
to help build desktop as well as mobile applications, with a simple “write once,
deploy anywhere” type of strategy. The Ionic Framework has a manual migration
guide that can help developers migrate from different versions.We believe that the
tedious work involved can be mitigated partially through automation. Therefore,
we propose a model-driven approach to aid the migration process. By focusing on
a model-driven approach, we can develop a model that is a representation of the
system that will generate code for a specific version. Our approach was applied to
a case study in order to validate whether this approach was successful or not.

1 Introduction

At some point in the software lifecycle, the current system must be migrated into a new
system or version. Software migration is the intricate process of moving an application
from one environment or version to another. Software migration in general, usually
consumes lots of resources, time, and effort.

According to the online article (IBM, 2014) [1], it described several common chal-
lenges in migrating software applications. In terms of business aspects, these include
determining when to migrate, the resistance of users’ culture, and the migration itself
not being completed on time. The technical aspects include minimizing disruption of
mission-critical applications and ensuring that the application functions correctly after
migration.

These migration challenges are common for new technologies, especially for web
and mobile-based applications, as they are constantly changing [5]. Recently, hybrid
apps have become popular as an alternative to native mobile applications due to their
overall benefits [2]. Hybrid applications host a web application inside a native web view
while utilizing bridges that allow access to native app functions such as camera access,
geolocation, etc. This means that developers are able to carry over their expertise with
web technologies tomobile app development without needing to learn native tech stacks.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 32–44, 2025.
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A key example of this is the Ionic Framework, which is a very popular hybrid
application development framework that employs a ‘write once and run anywhere’ [3]
approach. The latest version of Ionic (version 4) was a complete rewrite that makes it
incompatible with projects written in Ionic 3, which makes it a suitable candidate for
the research project.

There are several differences between Ionic 3 and 4, which makes it worth the
port, including compatibility with any front-end framework as opposed to Ionic 3’s
tight coupling with Angular. There are quite a few issues that can deter development
teams from doing a manual port to Ionic 4, which includes breaking changes to the
library versions used in both framework versions. Despite there being a guide on how
to manually migrate from an Ionic 3 project to an Ionic 4 project, there are still a vast
number of forums dedicated to helping solve the manual migration process.

One potential solution to solve these problems is to create models to help generate
code to support the migration process. This might be achieved with a software engineer-
ing technique called model-driven development [4]. Model-driven approaches are used
mainly in software design to generally simplify a complex process of the system into
a higher-level abstraction. By abstracting the migration process into a code generation
tool, it could possibly speed up themigration process with high accuracy and consistency
as intended. In addition, it would benefit developers as it is a more efficient way to deal
with the migration problems.

Finally, applying a model-driven approach would not just be applicable to the Ionic
framework but potentially other web frameworks as well. Therefore, model-driven
approaches might solve software migration problems toward hybrid app development
in regard to technical and business aspects that the industry is currently facing. Using
a model-driven approach as well as focusing on Ionic versions 3 and 4, the research
undertaken will determine whether the issue of model-driven approaches for migration
can be applied.

This report will go into detail about our research questions in Sect. 2 and then move
into how we approached the problem in Sect. 3. In Sect. 4 we will evaluate our research,
looking specifically at our case study (MeetupForPets) andother Ionic version3projects.
Furthermore, the model will be discussed in detail, as well as the code generated using
this model. Subsequently, we will discuss our experiences applying a model-driven
approach in Sect. 5 to solve the migration issue and tie in some other related literature
to our own work in Sect. 6. Eventually, we will formulate a conclusion in Sect. 7 and
mention possible future work that our research may have.

2 Related Work

In regards to the software migration that utilizes model-driven engineering methods,
there are several studies that have been conducted extensively before. Those are;
Migrating C/C++ Software to Mobile Platforms in the ADM Context [9], FASMM:
Fast and Accessible Software Migration Method [10], Reverse Engineering Strategies
for Software Migration [11], Model-Driven Engineering for Software Migration in a
Large Industrial Context [12], and Towards a Model-Driven Approach for Planning a
Standard-Based Migration of Enterprise Applications to SOA [13]
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According to Martinez et al. [9] study is related to our work in terms of processing
different kinds of programming languages and paradigms to generate mobile application
code. It is also the main feasible example of a model-driven approach in the software
migration of native-mobile applications, which in our case is the migration of the hybrid
mobile application. This study took an example of C/C++ language to produce Android,
iOS, andWindows mobile applications. In our study, the extension type of the generated
code is still maintained, but the main code-generation process in this study is technically
similar.

Furthermore, this study gives insight into the feasibility of a model-driven develop-
ment approach that is advanced to ADM (Architecture-Driven Modernization) within
a similar domain, mobile application migration. The validation tool that is used in this
study is the same as what we are using in our approach, which is the Eclipse Modelling
Framework [2]. Mobile applications are formed using different kinds of programming
languages, which is technically how hybrid application systems work [6]. The ADM
approach that is described in this study could potentially be part of our future works.

In terms of methodologies, our study is closely related to the FASMM approach
as described by Forite et al. [3]. This study provides extensive guides and methods to
conduct software migration. The migration process that it is aiming is at the short and
non-optimized migration phase. It is quickly done and not necessarily in an optimized
way. For example, inaccurate functionality implementation loosely added new archi-
tecture, and non-capitalized gained knowledge during the migration. These conditions
are relatable to the environment of our current study. Therefore, our study followed
the described methodologies that enable the validation of a hybrid application migration
processwithmodel-driven engineering techniques. It also allows capitalizing knowledge
as transformation rules to make it highly reusable in future migration projects.

In [12] and [13], studies are proving the feasibility of model-driven engineering in
different domains and contexts from our studies. Those are the migration to a completely
new framework, migration to a new architecture (legacy architecture to service-oriented
architecture), andmigration of different languages to a specificmobile application frame-
work. They also provided insights into how model-driven engineering processes are
economically profitable and cost-effective.

In this paper [12], the author describes the process ofmigrating a large-scale software
application from Mainframe to J2EE using a Model-Driven Engineering process. The
migration process in this study starts by describing the general processes of the current
legacy system. First, a parser is created to make an abstract syntax tree from the legacy
code. Then, it is processed by a transformation to build a model that conforms to the
meta-model of the legacy language. During the second stage, all symbols are resolved
and bound to the appropriate model elements. Afterward, from the model representing
the code, a reverse-engineering process is conducted to produce a platform-independent
model. Finally, this model will be mapped into a platform-specific model that can be
used to generate code for the final product of the migrated application.

Lastly, Aboulsamh describes [13] the feasibility of model-driven approaches to be
used in the software migration context in general. Our proposed method that utilizes
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model transformation to generate the migrated code conforms with this research argu-
ment. The migration system that it utilizes is a sequential execution of model transfor-
mation [13] that is quite similar to our approach. However, this research uses much more
complex software migration modeling methodologies that are slightly irrelevant to our
current study objectives. These include the usage of the service model [7] and migration
path model to define common meta-data for semantic integration [8].

3 Research Question

Looking into the problem a bit more, we have devised a main research question below.

Can Model-Driven Development Provide a Valid Migration Solution?
Branching away from this primary question, we have additional research questions that
target the concerns about the migration tool we are proposing:

1. RQ: Can it account for major changes like different libraries/versions?
Looking at the Ionic Framework, there are specific libraries or versions used in a
project that may differ from one version to another. These may involve small changes,
like simply changing the name to match the new version, or larger changes, such as
changing the way the application handles routing to different pages. Our research
will involve taking a look at some of these changes.

2. RQ: Is the generated code of acceptable quality?
With the model being used to help convert one Ionic 3 project file to a compatible
Ionic 4 version, there can be a chance that the migration may not be perfect. There
might be flaws with the output of the conversion, which breaks the integrity of the
original file. Our research will also observe the quality of the code and take note of
any changes.

3. RQ: Can the tool be used for other case studies?
Our modeling tool will be primarily used for our case study (Meetup For Pets);
however, every Ionic project is expected to be different. Our research will observe
to see if the tool will be applicable not just for our case study but for other Ionic 3
projects as well.

4 Approach

In order tomigrate Ionic Framework applications from one version to another, themigra-
tion tool, called the IonicMigrator (https://github.com/rqmok/IonicMigrator), was mod-
eled. This section describes how the Eclipse Modeling Framework and Acceleo have
been used for this purpose.

4.1 Eclipse Modeling Framework

The EclipseModeling Framework (EMF), is a standard for data models with full support
for meta-modeling and modeling [14].

During this research, EMF has been used to create a meta-model fromwhich amodel
for the IonicMigrator has been derived. EMF is pre-configured with the Ecore meta-
metamodel (or super-metamodel) for constructing the domain-specific meta-model.

https://github.com/rqmok/IonicMigrator
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4.2 Overview of Operation

After creating the metamodel and, hence, the model, Acceleo has been utilized to help
invoke the appropriate operations in the model to read the source files, modify their
contents, and then write back to the files. Figure 1 shows a diagram of this workflow.

Fig. 1. IonicMigrator Operation Overview

4.3 The Metamodel

The solution to the IonicMigrator metamodel is shown in Fig. 2. The meta-model con-
tains an entity calledmBase, which is used as a container for all other entities for creating
the model.

The Migrator entity stores the path to the project that needs to be migrated. It
contains a set of Components. Each Component entity is a part of the source code for
the application that needs to be migrated.
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Fig. 2. IonicMigrator Metamodel

Each Component contains a path to the file, relative to the project path, that contains
the source code for that component, and also amigrate operation. Themigrate operation
is given the project path and the file path relative to the project path. The operation
combines these paths to produce an absolute path and read the file to modify its contents.

These components are separated in the metamodel rather than the model because
each one has a separate way of migrating the source code that it is responsible for.
Furthermore, each of the migrate operations for the components are manually written
in Java and inserted into the Java source files generated by EMF.

4.4 The Model

Once the metamodel Java source code is generated and the migrate operation for each
Component ismanually inserted into this code, the IonicMigrator canfinally bemodeled.

Figure 5 shows the IonicMigrator model, which simply contains instances of the
entities that were created in the metamodel. Through this model, the project path is
provided to the Migrator entity instance, and the individual file paths relative to the
project path are provided to each Component entity instance.

4.5 Acceleo

Acceleo is a template-based source code generation technology to facilitate model-to-
text transformations (MTT). It is used as an add-on for EMF to be used with the model
[16].

The model in Fig. 5 contains a project path, file path for each Component, and a
migrate operation in each component that takes both paths as its parameters. In order to
utilize these operations, Acceleo is used as shown in Fig. 3.

The Acceleo script in Fig. 3 goes through each migrator’s components in the model,
retrieves the project path and file path from a component, and calls that component’s
migrate operation, giving it both paths as parameters. Themigrate operation then returns
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Fig. 3. IonicMigrator Acceleo Script

a string that contains the contents of the entire file, including themigrationmodifications.
Acceleo will then write this string back to the file, essentially overwriting the entire file.
However, the script ignores writing to a file when themigrate operation returns an empty
string. This can be useful for operations that do not require changing a file’s contents.
Once the model is created and the project path and file path are given, the Acceleo script
is run by creating the appropriate run configuration in EMF.

5 Evaluation

5.1 Case Study

As a proof-of-concept, the application that will be developed for our case study will be
called Meetups for Pets (https://github.com/rbnguyen231/Meetup-For-Pets).

It is a hybrid application written in Ionic version 3 to connect pet enthusiasts to
promote face-to-face interactions with pets and their owners. The users will have the
ability to organize ameetupwith each pet’s owner, given a selection of pets. Furthermore,
a user can add their own pets and upload or take a photo using the camera of their pet.
Finally, if a meetup is organized, the event will be added to their calendar on their device.
The main purpose of this case study is to test the model-driven migration tool; this can
be shown in Fig. 4

https://github.com/rbnguyen231/Meetup-For-Pets
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Fig. 4. Meetup For Pets Ionic 3 Application

In a real-world scenario, an application would normally take advantage of the
hardware capabilities of the device it is running on. Therefore, there are some Ionic
native framework features that were included, such as camera, contacts, calendar, and
messaging.

Using the case study above, we attempted to perform somemanual migration to look
deeper into the issues that may arise when migrating. In our research, we also attempted
to use another open-source Ionic 3 application from GitHub (https://github.com/growu/
drip-ionic3) in order to test if our model had generated the correct Ionic 4 code.

5.2 The Model

Sirius is an Eclipse project that allows for creating a graphical modeling work-bench in
EMF [15]. It has been used to visualize the model shown in Fig. 5.

The model in Fig. 5 gives flexibility to the user by allowing a Component to be
removed if it shouldn’t be included in the migration process and then added back in if
it is. However, it should be remembered that the file path will always need to be given
where the component resides in the source code, and each filewill need to have a separate
Component created for it.

https://github.com/growu/drip-ionic3
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Fig. 5. IonicMigrator Model

5.3 Code Generation

The results of the IonicMigrator we developed were quite favorable. The case study
involved migrating three categories of changes:

1. HTML markup
2. Typescript code
3. Architectural changes (file and folder structure)

HTML Markup. The IonicMigrator tackles the problem by separating the full text
into components (i.e., buttons, labels, etc.). This is the most general category, as the
migration process for different components has a lot of common procedures. The migra-
tion of HTML markup reveals the tool’s adeptness at component-wise migration. By
dissecting the full text into components, such as buttons and labels, the IonicMigrator
demonstrates a systematic approach. The presented Figs. (6a and 6b) vividly illustrate
the transformation from Ionic 3 to Ionic 4, showcasing a harmonious migration of the
button component.

Typescript Code. Migration of Typescript code involves looking through code files
to find specific tokens and change them to fit the Ionic 4 specification. Unlike HTML
markup, every different migration process in this category is almost completely different
and can only be generalized in broad terms, such as find-and-replace functionality.

In contrast to HTML markup, the migration of Typescript code unfolds as a more
intricate process. The necessity to examine code files for specific tokens and adapt them
to Ionic 4 specifications introduces diversity in migration procedures.
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Fig. 6. Ionic 3–4 Button Migration (Markup)

Architectural Changes. The structure of an Ionic 4 project is drastically different
from an Ionic 3 project, making its migration a very specific process. The IonicMigrator
focuses on a small subset, which involves reorganizing files associated with one specific
feature of an app to the equivalent Ionic 4 folder structure, as well as renaming them to
fit the new convention. The inherent complexity of architectural changes highlights the
tool’s capability to navigate project-wide transformations, ensuring that the migrated
project adheres to the evolved Ionic framework’s structural norms (Figs. 7 and 8).

Fig. 7. Ionic 3–4 Lifecycle Methods Migration (Typescript)
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Fig. 8. Ionic 3–4 File Rename-and-Relocate Migration (Architectural)

6 Discussion/Experiences

The overall consensus is that model-driven development is a feasible approach for
software migration, especially regarding this case study in particular.

For HTML markup, in particular, automating component-wise migration is remark-
ably simple, and it is well within the scope of possibility to create a general function
that will migrate any Ionic 3 component to its Ionic 4 equivalent, provided a library of
changes specific to each component is collated for use by this function.

Typescript code can be a littlemore complicated to dealwith.During the development
of the IonicMigrator, we encountered some difficulty with porting over two components
in particular - Toasts and Alerts. The difficulty stems from the asynchronous nature of
the two in Ionic 4 as opposed to their counterparts in Ionic 3 - handler function callbacks
and deeply nested toasts and alerts have to be handled differently, whichmakesmigrating
these a more involved process than just pure automation.

Architectural changes vary in difficulty. A project-wide relocation and renaming
of files is well within the scope of possibility, but changes to the routing mechanisms
adopted in the different versions are drastic and require significant changes to the code-
base. Ionic 4 uses the routing functionality provided by the frontend framework specified
when creating a project using its command-line interface, meaning that a separate migra-
tion process would need to be adopted for, say, React vs. Angular, for example. Ionic
3 used its own proprietary router, on the other hand, which means at least that part of
the code is easier to deal with. While Ionic 4 adopted this change in order to be future-
proof, this does make a generalized migration tool for this specific feature a lot harder
to implement.

7 Conclusion

In conclusion, our study contributes to the following in the domain of softwaremigration
and model-driven approaches:



Streamlining Software Migration with Model-Driven Techniques 43

– We have introduced a case study Ionic 3 hybrid application (MeetUp For Pets) built
primarily to test the viability of a proposed migration tool

– An Ionic migration tool was built which performs code generation to convert from
Ionic 3 to Ionic 4

– We have evaluated the feasibility of using a model-driven approach for migrating
using the Ionic Framework as the primary focus

At this stage, our approach only proves a small fraction of the hybrid application
migration because this study only focused on one framework (Ionic) and only based on
the selected versions (version 3 to version 4).

At the moment, within various constraints, the validation tool that we had developed
only handles basic migration functionalities. More specifically, it is only using string
parsing, transformations, and code generation. These processes might be insufficient to
handle more complex functionalities, as described in our limitations.

This leads to many other challenges that need to be tackled in the proposed methods
to fully migrate the Ionic version 3 project to version 4. The main goal of this study is
to prove the feasibility of migration hybrid applications with model-driven engineering
methods, and it is proven to be true. Therefore, building a fully functional software
migration tool for a hybrid application is intentionally left for future work.

Here, we used the EclipseModeling Framework as the validator and the IonicMigra-
tor to handle the migration process of the Ionic framework from version 3 to version 4.
Within this tool, the abstraction levelwas intentionally increased for the cohesiveness and
extensibility of migration functions. By following our approaches and methodologies,
future researchers could add and upgrade the tool to handlemore complex functionalities
according to the limitations described above.

At the moment, our approaches are only applicable to solving basic software migra-
tion problems in hybrid applications. It requires more extensive research to solve more
complex functionalities, such as dealing with architectural changes to arrange files in
the correct directories. ADM (Architecture-Driven Modernization) and KDM (Knowl-
edge Discovery Metamodel) methods [9, 13] could potentially be candidates to solve
the current limitations in this study.

There will be a time in the future for the IonicMigrator to be mature enough so
that the migration of Ionic Framework applications from version 3 to version 4 can be
done thoroughly without introducing any migration bugs. This tool is also envisioned to
handle the migration of the Ionic framework from any version to the latest. In the future,
by following our approaches and adding further research, it could potentially migrate
other hybrid application frameworks.

References

1. IBM Knowledge Center: Ibm.com (2019). www.ibm.com/support/knowledgecenter/en/
SSEP7J_10.2.1/com.ibm.swg.ba.cognos.ug_mfdm.10.2.1.doc/c_mfdm_chal_mig.html.
Accessed 07 Sept 2019

2. Dunka, B., Emmanuel, E., Oyeyinka,D.: Hybridmobile application based on ionic framework
technologies. In: Int. J. Recent Adv. Multidiscip. Res. 04(12), 3121–3130 (2017). Accessed
27 Aug 2019

http://www.ibm.com/support/knowledgecenter/en/SSEP7J_10.2.1/com.ibm.swg.ba.cognos.ug_mfdm.10.2.1.doc/c_mfdm_chal_mig.html


44 Y. K. Damarla and B. R. Deenadayal

3. Huynh, M., Ghimire, P., Truong, D.: Hybrid app approach: could it mark the end of native
app domination? Issues Informing Sci. Inf. Technol. Educ. 14, 49–65 (2017). Accessed 07
Sept 2019

4. García Díaz, V., et al.: A brief introduction tomodel-driven engineering. Tecnura 18, 127–142
(2014). Accessed 27 Aug 2019

5. Kwon, J., Moon, S.: Web application migration with closure reconstruction. In: International
World Wide Web Conference Committee (IW3C2), Seoul (2014). Accessed 23 Aug 2019

6. Thomas, C.G., Devi, J.: A study and overview of the mobile app development industry. Int.
J. Appl. Eng. Manag. Lett. (IJAEML) 5(1), 115–130 (2021)

7. Bragagnolo, S., et al.: Appendix to software migration: a theoretical framework a grounded
theory approach on systematic literature review (2021)

8. Heil, S.: Web migration revisited: addressing effort and risk concerns. Diss. dissertation,
Chemnitz, Technische Universit¨at Chemnitz (2020, 2021)

9. Martinez, L., Pereira, C., Favre, L.: Migrating C/C++ software to mobile platforms in the
ADM context. Int. J. Interact. Multimedia Artif. Intell. 4(3), 34 (2017)

10. Forite, L., Hug, C.: FASMM: fast and accessible software migration method. In: 2014 IEEE
Eights International Conference on Research Challenges in Information Science (RCIS).
IEEE (2014)

11. Muller, H.A.: Reverse engineering strategies for software migration. In: Proceedings of the
19th International Conference on Software Engineering, p. 659. IEEE, May 1997

12. Fleurey, F., Breton, E., Baudry, B., Nicolas, A., Jézéquel, J.-M.:Model-driven engineering for
software migration in a large industrial context. In: Engels, G., Opdyke, B., Schmidt, D.C.,
Weil, F. (eds.) MODELS 2007. LNCS, vol. 4735, pp. 482–497. Springer, Heidelberg (2007).
https://doi.org/10.1007/978-3-540-75209-7_33

13. Aboulsamh,M.A.: Towards amodel-driven approach for planning a standard-basedmigration
of enterprise applications to SOA. In: 2009 Congress on Services – l. IEEE (2009)

14. Gronback, R.: Eclipse Modeling Project — The Eclipse Foundation. Eclipse.org (2019).
https://www.eclipse.org/modeling/emf/. Accessed 04 Nov 2019

15. Sirius – Overview. Eclipse.org (2019). https://www.eclipse.org/sirius/overview.html.
Accessed 04 Nov 2019

16. Acceleo — Home. Eclipse.org (2019). https://www.eclipse.org/acceleo/. Accessed 04 Nov
2019

https://doi.org/10.1007/978-3-540-75209-7_33
https://www.eclipse.org/modeling/emf/
https://www.eclipse.org/sirius/overview.html
https://www.eclipse.org/acceleo/


A Survey - IOT Edge Based Garbage Sorter Bin
with Bio Gas Generator

A. R. Sathyabama(B), Jeevaa Katiravan, M. Muthudhivakar, and S. Sabarinath

Information Technology, Velammal Engineering College, Chennai, India
sathya.it1@gmail.com

Abstract. Waste management is a pressing contemporary environmental chal-
lenge, stemming from the daily generation of industrial and household waste by
humans. Thiswaste poses threats to humanhealth, emits foul odours, and even con-
tributes to air pollution. Inadequate waste handling practices can result in severe
environmental consequences. People often hesitate to open and close trash cans
due to concerns about bacterial contamination on their hands. To address these
environmental issues, a smart trash bin equipped with waste sorting technology
is suggested. Garbage presents environmental problems, including health risks,
unpleasant odors, and potential air pollution. The proposed solution involves uti-
lizing an ultrasonic sensor capable of detecting approaching individuals within
a 50 cm range, automatically opening the bin’s lid for a 7-s duration. A stepper
motor is employed to rotate thewaste sorter to different positions based on the type
of waste detected. For instance, if the soil moisture sensor identifies organic waste,
a servo motor rotates the sorter to direct it into the organic waste bin. Likewise, if
the inductive proximity sensor detects metal, the servo motor positions the sorter
for metal recycling. A camera module captures images of the waste, employing a
CNN algorithm for waste categorization. Once classified, the servo motor guides
the sorter to the appropriate bin. This system streamlines waste sorting, enhancing
accuracy. The separated waste is stored in dedicated compartments within the bin,
reducing landfill contributions. Organic waste can be processed to produce biogas,
serving kitchen needs. Additionally, the system can automatically alert cleaners
when the bin is full, mitigating overflow issues and odours. This proposed smart
trash bin holds promise as a valuable tool for waste management, applicable in
both public and private settings.

Keywords: Inductive Proximity Sensor · Soil moisture sensor · Camera
module · CNN algorithm · Stepper motor · Biogas digester

1 Introduction

Solidwastemanagement is amajor challenge facing theworld today. The amount of solid
waste generated is increasing rapidly, and many cities and municipalities are struggling
to keep up. In recent years, there has been a growing interest in developing new and
innovative solutions to the solid waste problem. A number of recent surveys have been
conducted to assess the current state of solid waste management and to identify areas
for improvement.
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One recent survey by the World Bank found that more than half of the world’s solid
waste is not collected or disposed of properly. The survey also found that the amount of
solid waste generated is expected to increase by 70% by 2050. Another recent survey
by the Global Alliance for Incinerator Alternatives (GAIA) found that more than 70%
of cities in developing countries are struggling to manage their solid waste. The survey
also found that open burning of waste is a major problem in many developing countries.
These surveys highlight the need for urgent action to address the solid waste problem.
There is a need to invest in new and innovative waste management technologies, and to
educate the public about the importance of waste reduction and recycling.

Our research’s main goal is to classify waste andmake it useful for recycling, thereby
avoiding pollution. We will sort the waste based on its type and recycle organic waste
into biogas. There are a variety of different ways to classify waste. One commonmethod
is to classify waste into organic and inorganic waste. Organic waste is derived from
living organisms, such as food scraps, yard waste, and animal manure. Inorganic waste
is derived from non-living organisms, such as metal, plastic, and glass. A renewable
energy source, biogas can be utilized to provide electricity, heat, and fuel for vehicles. It
is created through the anaerobic digestion of organic material, including manure, yard
trash, and food scraps. We must first separate organic garbage from other types of waste
in order to turn it into biogas. Numerous techniques, including optical sorting, manual
sorting, and sensor-based sorting, can be used to accomplish this.

After the segregation of organicwaste, it can be introduced into an anaerobic digester.
Within a sealed container called an anaerobic digester, microorganisms break down
organic material in the absence of oxygen. This process results in the production of
biogas along with a nutrient-rich liquid, often used as fertilizer. The biogas generated
from the anaerobic digester can servemultiple purposes, including generating electricity,
producing heat, or acting as fuel for vehicles. Furthermore, it can undergo enhancements
and purification processes to yield bio methane, a renewable natural gas compatible with
existing natural gas infrastructure.

Our researchwill focus on developing new and innovativemethods for waste develop
new markets for biogas products. We believe that our research has the potential to make
a significant contribution to the reduction of waste and pollution, and to the promotion
of sustainable waste management practices.

2 Related Work

This project aims to design and implement an Internet of Things (IoT) powered smart
waste bin capable of autonomously recognizing and sorting different types of waste
[1]. The core objective of this initiative is to establish an IoT-driven waste management
system capable of monitoring the waste bin fill levels and sending alerts to the waste
collection service when bins require emptying [2]. The overarching goal of this proposal
is to develop a smart waste management system that leverages loT sensors to monitor the
fill levels of trash bins and trigger notifications to the relevant authorities when it’s time
for emptying. Additionally, this proposal introduces an IoT-based intelligent trash can
that can automatically identify the waste type and segregate it into distinct compartments
[4]. It also elaborates on the components of such systems, the challenges faced during
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implementation, and the benefits of harnessing big data analytics to optimize waste
management [5].

The system uses sensors to monitor the fullness of waste bins and sends alerts to
the waste collection company when bins need to be emptied. This helps to improve the
efficiency and effectiveness of waste collection [6]. The framework employs IoT devices
to continuously monitor the capacity status of waste bins and promptly alert the waste
collection company when bins necessitate emptying. Furthermore, it harnesses machine
learning to forecast patterns in garbage generation, enhancing the efficiency of waste
collection routes [7]. When garbage bins reach their capacity, the system utilizes sensors
to assess the level of fullness and communicates this information to the waste collection
provider. Additionally, it incorporates a web application to provide real-time updates to
residents regarding the status of trash cans [8]. The proposed smart wggle management
system featured in this project utilizes ultrasonic sensors for waste detection, triggering
the automatic opening of the garbage bin’s lid [9].

This project introduces a smart waste and garbage collection bin that operates on the
Internet of Things (IoT) framework. The bin incorporates a camera module for capturing
images of the waste and utilizes a CNN algorithm to classify the waste into specific
categories [10]. The system outlined in this project relies on ultrasonic sensors to gauge
the filling level of trash bins and notify waste collectors when they reach capacity. It’s
an IoT-driven intelligent garbage monitoring system [11]. The proposal advocates for an
IoT-based intelligent waste management system that employs a combination of sensors,
including ultrasonic sensors, soil moisture sensors, and inductive proximity sensors, to
identify the presence, type, and quantity of waste within garbage bins [12].

The project puts forward an IoT-driven smart garbage bin monitoring system that
utilizes sensors to keep tabs on the trash levels within the bins and promptly notifies the
relevant authoritieswhen they reach capacity [13]. This smartwastemanagement system,
proposed in the project, employs sensors for monitoring the trash levels in various bins
and triggering alerts to the appropriate authorities when a bin is full. The system operates
on an loT infrastructure. Additionally, residents have the capability to track the status of
bins in their neighborhoods and even request waste pickups through the system’s mobile
application [14].

Furthermore, the project delves into the exploration of anaerobic digestion as a
method to convert slaughterhouse by-products into biogas. Anaerobic digestion is a bio-
logical process that decomposes organic material in an oxygen-deprived environment.
The resulting biogas can serve as a sustainable energy source or be hamessed for elec-
tricity generation [15]. The study revealed that optimizing the pH, temperature, and
nutrient levels within the microenvironment can significantly enhance the efficiency of
biogas production [16]. In the essay, the concept of smart cities is explored, along with
how the Internet of Things (IoT) can be effectively applied to implement this concept.
It discusses how loT technology can be leveraged to improve multiple facets of smart
cities, such as waste management, electricity systems, and transportation networks [17].

The various frameworks for smart waste management systems are reviewed in this
research. It covers the various parts of a smart waste management system as well as
the opportunities and limitations of using IoT for trash management [18]. This essay
examines recent developments in wastewater-derived biogas production. It goes over
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the various setups and this essay examines recent developments in wastewater-derived
biogas production. It goes over the various setups and operational variables that can be
employed to maximize biogas production [19]. This study describes a smart bin that
autonomously sorts rubbish using IoT and converts organic waste into biogas. A camera
module, soil moisture sensor, inductive proximity sensor, and ultrasonic sensor are just
a few of the sensors the bin is equipped with [20].

This project presents a smart trash can that opens its lid when a person approaches
and uses ultrasonic sensors to identify their presence [21]. The smart garbage collection
system described in this project employs ultrasonic sensors to determine when bins are
full and automatically sends a signal to the collection truck. The system is IoT-based. In
order to track the location of the bins and improve the collection routes, the system also
includes a GPS tracker [22]. This project describes a smart garbage collection system
that uses ultrasonic sensors to detect when bins are full and automatically sends a signal
to the collection truck [23]. The trash management system described in this project is
loT-based, employs ultrasonic sensors to determine when bins are full, and automatically
alerts the pickup truck. Additionally, the device features a camera that can recognize the
type of waste and route it to the proper bin [24]. This project suggests an IoT-based
smart waste collection system. The technology delivers data from sensors that measure
the amount of trash in bins to a central server [25].UsingLoRaWAN, this project suggests
an Internet of Things-based smart trash management system. The system uses sensors
to gather information about the amount of trash in the bins, their temperature, and their
humidity. After that, LoRaWAN is used to transmit this data to a central server [26].

The factors affecting the production of biogas from food waste are examined in this
project. The review discusses awide variety of subjects, including the kind of foodwaste,
its pH, temperature, and retention time [27]. The technology delivers data from sensors
that measure the amount of trash in bins to a central server. The server then employs
this data to notify users when their trash bins are full and to optimize the collection
routes for garbage trucks [28]. For smart cities, this proposal suggests a smart garbage
collection system. The technology feeds data from sensors that measure the amount of
trash in the bins to a central server. The garbage collection trucks’ collection routes are
subsequently optimized by the server, leading to more effective waste collection [29].

This project introduces a smart trash can enhanced by Internet of Things (IoT)
capabilities, featuring a waste level indicator. The bin communicates data regarding its
waste content to a cloud server through an ultrasonic sensor, which gauges the rubbish
level. Subsequently, the cloud server calculates the percentage of waste inside the bin
and displays this information on an LCD screen [30]. A smart bin IoT-based trash
management system is proposed in this research. The technology feeds data from sensors
that measure the amount of trash in the bins to a central server [31]. In this project, a
smart waste management system that combines cloud computing and loT is proposed.
The system uses sensors to gather information on the temperature, humidity, and amount
of trash in the bins. After that, a cloud server receives this data for analysis [32].

This project advocates for the implementation of a smart waste management system
utilizing the Internet of Things. The system employs sensors to detect garbage levels,
types, and presence within the bins, enhancing trash management efficiency [33]. To
improve the effectiveness and efficiency of waste management, the project proposes a
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smart system that combines IoT and edge computing. Through sensors, the system col-
lects data on waste generation and disposal patterns, enabling informed decision-making
[34]. Additionally, the project introduces a streamlined intrusion detection system for
loT devices utilizing deep learning. By analyzing network traffic data, a lightweight
and efficient deep learning model distinguishes between normal and malicious traffic,
catering to loT devices with limited resources [35].

3 Proposed Work

3.1 Overview

The goal of this project is to develop a smart garbage bin that can automatically sort
waste into different categories, including organic waste, recyclable materials, and non-
recyclable materials. The organic waste will then be fed into a biogas digester to produce
biogas, which can be used for cooking, heating, or generating electricity. The biogas
digester is a sealed chamber where the organic waste is broken down by anaerobic
bacteria. The bacteria produce methane, carbon dioxide, and other gases, which are
collectively known as biogas. This system will contribute to diminishing the volume of
waste directed to landfills, preserving natural resources, and lowering greenhouse gas
emissions.

3.2 Methodology

3.2.1 Ultrasonic Sensor

An ultrasonic sensor is a tool that utilizes sound waves to identify the presence and
measure the distance of objects. In the context of a smart trash bin, this sensor can
be employed to recognize the proximity of an individual. When the sensor registers a
person within a specified range (such as 50 cm), it can transmit a signal to the trash bin,
prompting the automatic opening of its cover. This feature is convenient for users, as it
eliminates the need to manually open the lid of the garbage bin. It can also be helpful for
people with disabilities or mobility issues. Additionally, opening the cover automatically
can help to reduce the spread of germs and bacteria.

Distance calculation formula using Ultrasonic Sensor:

Distance L = 1/2 × T × C . 

The amount of time that the cover remains open can be programmed to suit the needs
of the user. For example, the cover may remain open for 7 s, which is enough time for
most people to dispose of their trash. However, the timer can be adjusted to be longer or
shorter, depending on the user’s preference.
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3.2.2 Soil Moisture Sensor, Inductive Proximity Sensor and Camera Module:

The soil moisture sensor and inductive proximity sensor are two types of sensors that
can be used to automatically sort waste into different categories.

The soil moisture sensor detects the amount of moisture in the waste. Organic waste,
such as food scraps and yardwaste, typically has a highermoisture content than inorganic
waste, such as metal and plastic. Therefore, the soil moisture sensor can be used to
distinguish between organic and inorganic waste.

Analog Read output = (Input Voltage / Maximum Voltage ) * 1024 . 

Moisture Level Indication:

Level Analog Value Range

1 0–175

2 175–350

3 350–525

4 525–700

5 700–876

The inductive proximity sensor detects the presence of metal. Metal is a conduc-
tor of electricity, so the inductive proximity sensor can detect it by generating an
electromagnetic field and sensing any changes in the field.
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A camera module can be added to the soil moisture sensor and inductive proximity
sensor to increase the accuracy of garbage sorting. The camera module can be used
to take pictures of the garbage, which can then be categorized using machine learning
techniques. Different kinds of plastic, like PET, HDPE, and PVC, might be recognized
using the camera module. The waste sorter might then be sent to the proper recycling bin
using this information. The use of soil moisture sensor, inductive proximity sensor, and
camera module in a smart garbage bin can help to improve the accuracy and efficiency
of waste sorting. This can help to reduce the amount of waste that goes to landfills and
promote recycling.

3.2.3 CNN Algorithm

CNN algorithm for waste sorting based on the soil moisture sensor, inductive proximity
sensor, and camera module:

Preprocess the images: The images captured by the camera module should be pre-
processed to ensure that they are in a consistent format and to remove any noise. This
may involve resizing the images, cropping them, and normalizing the pixel values.

Extract features: The CNN algorithm will extract features from the preprocessed
images. These features can be based on the color, texture, and shape of the waste.

Classify thewaste: TheCNNalgorithmwill then use the extracted features to classify
the waste into different categories. This may involve using a deep learning model that
has been trained on a large dataset of labeled images of waste.

Control the waste sorter: Once the waste has been classified, the CNN algorithm can
send a signal to the waste sorter to direct the waste to the appropriate bin.
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3.2.4 Stepper Motor

The stepper motor is a type of electric motor that can be controlled to rotate in precise
increments. In a smart garbage bin, the stepper motor can be used to rotate the waste
sorter to different positions depending on the type of waste that is being detected. If the
waste sorter has three bins for different types of waste (plastic, metal, and glass), the
stepper motor can be used to rotate the sorter so that the correct bin is positioned under
the opening of the garbage bin. This allows the waste to be automatically sorted into the
correct bin, without the need for human intervention. A stepper motor can increase waste
sorting effectiveness and decrease the quantity of rubbish that ends up in landfills in a
smart garbage can. The spinning of the trash sorter in an intelligent garbage can is easily
and effectively controlled by a stepper motor. It might aid in increasing the efficacy and
accuracy of garbage sorting, which might be advantageous for the environment.

3.2.5 Working Procedure

The ultrasonic sensor is typically mounted on the front of the garbage bin. When the
sensor detects a person within a certain distance, it sends a signal to the garbage bin to
open the lid. The garbage bin lid can be opened using a variety of methods, such as a
motor, solenoid, or pneumatic actuator. The choice of methodwill depend on the specific
design of the garbage bin.

The person disposes of their trash in the garbage bin. Once the person has disposed
of their trash, the garbage bin lid closes automatically. This can be done using the same
method that was used to open the lid.

Usually fitted inside the trash can are the inductive proximity sensor and the soil
moisture sensor. The inductive proximity sensor identifies the presence of metal, while
the soil moisture sensor determines how much moisture is present in the trash.

On top of the trash can is normally where the camera module is positioned. The
camera module takes a picture of the waste when the trash can lid is open.

A commonmachine learning approach for image classification problems is the CNN
algorithm. The CNN algorithm will take elements out of the garbage’s image and utilize
those features to categorize the waste into various groups.

The CNN algorithm will send a signal to the waste sorter to direct the waste to the
appropriate bin. The waste sorter is typically a mechanical device that moves the waste
to different bins based on its type.

In order to direct the waste to the proper bin, the CNN algorithm will send a signal
to the waste sorter. Typically, a trash sorter is a mechanical device that divides waste
into several bins according to kind.
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4 Results and Discussion

4.1 Reduced Quantity of Waste Ending up in Landfills

Smart trash cans can contribute to a reduction in the amount of waste ending up in
landfills by automating the waste sorting process and increasing the accuracy of waste
sorting. This is significant because a significant portion of methane, a greenhouse gas
25 times more potent than carbon dioxide, comes from landfills.

4.2 Increased Recycling Rates

By making recycling easier for individuals, smart garbage cans can also contribute to
higher recycling rates. Smart trash cans minimize the need for manual waste sorting by
automatically classifying rubbish into many categories. Due to its convenience and ease
of use, recycling may become increasingly popular.
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4.3 Improved Public Health

By halting the transmission of germs and pathogens, intelligent garbage cans can also
contribute to better public health. This is due to the possibility of including technologies
like garbage compactors and automatic lid openers in smart trash cans, which can lessen
the amount of touch that people have with rubbish.

4.4 Reduced Environmental Pollution

Smart trash bins can also help to reduce environmental pollution by preventing waste
from overflowing and littering the environment. This is because smart trash bins can be
equipped with features such as fall bin alerts and automatic waste compaction.

5 Conclusion

Waste management could be revolutionized by the use of intelligent garbage cans with
waste sorting technologies. These systems can aid in lowering the quantity of waste that
ends up in landfills and promoting recycling by automating the waste sorting process and
increasing waste sorting accuracy. Smart trash cans can also help to lower environmental
pollution and promote public health. In the context of developing countries, smart trash
bins can play a particularly important role in improving waste management. In these
countries, waste collection and disposal services are often limited or nonexistent. Smart
trash bins can help to address these challenges by providing amore efficient and environ-
mentally friendlyway to dispose ofwaste. Smart trash binswithwaste sorting technology
have the potential to make a significant contribution to improving waste management
and protecting the environment if the proposed system is executed successfully.
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Abstract. TheMultiphase biometric Systemcombinesmultiple biometricmodal-
ities or phases to enhance identification or authentication accuracy, It includes
physical characteristics of an individual such as fingerprint and patterns of behav-
ior, such as signature. Feature level fusion with normalization techniques aims
to create a more robust, discriminative, and consistent multiphase biometric sys-
tem by standardizing and integrating information from diverse sources effectively.
Both LPQ (Local Phase Quantization) and LBP (Local Binary Patterns) are most
effective techniques for feature extraction from fingerprint images. The important
features extracted for signature analysis are pen pressure, azimuth, and elevation.
Multiphase biometric systems leverage the strengths of multiple biometric modal-
ities to enhance recognition accuracy, performance, security, and user acceptance
compared to systems based on a single modality. Prior to the fusion of feature sets
from two biometric modalities, we normalize the scores using z-score normaliza-
tion method as the two feature sets resulted with heterogeneous data. Finally, the
proposed work on multiphase biometric by the fusion of fingerprint and signature
provide the good results.

Keywords: KNN-classifier · SVM · Gait · NIST Finger print image soft ware
(NFIS2) ·MCYT-100

1 Introduction

Biometrics represents a fundamental shift towards identity verification based on intrinsic
biological or behavioral traits. By relying on “who you are” rather than “what you
possess,“ biometric systems enhance security, convenience, and reliability across various
domains, contributing to a more secure and efficient authentication process. Biometric
systems utilize a variety of anatomical and behavioral body traits to establish and verify
the identity of a person. These biometric traits are difficult to forge or replicate, making
them highly reliable for security and identification purposes in various applications.
Face, fingerprint, iris, palm print, hand geometry and ear shape are commonly used
biometric systems.

Behavioral attributes such as gait, signature dynamics, and keystroke dynamics offer
unique patterns that can be leveraged for person authentication in various applications.
Voice can indeed be considered in both anatomical and behavioral terms.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
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2 Problem Statement

Smart biometrics leverages automatedmethods to identify individuals by analyzing their
distinctive biological or behavioral traits.Abiometric feature fingerprints, facial features,
iris patterns, voice, and others are captured by specialized sensors or devices.

After capturing biometric data using sensors or devices, the next step in smart bio-
metrics is to process this data to extract the unique features that distinguish one indi-
vidual from another. The extracted template is then compared against stored templates
or records in a database. Fingerprint recognition is considered as one of the earliest and
most widely recognized forms of biometrics. During the matching process, the system
compares the extracted minutiae points from the captured fingerprint against stored tem-
plates in a database. The matching algorithm calculates a similarity score or degree of
similarity between the captured fingerprint and the stored templates.

Biometrics encompasses the measurement and statistical analysis of individuals’
unique physical and behavioral characteristics. The physiological characteristics such
as finger print, face, palm prints, iris, retina, vein and hand geometry and ear shape are
commonly used. Gait, voice, signature, and typing rhythm commonly used behavioral
characteristics. Each person has a unique set of these characteristics, making biometrics
a powerful tool for authentication and identification purposes.

For a characteristic to be considered as a biometric measure, it must generally satisfy
the following requirements:

• Universality - The biometric characteristic should be present in every individual
Distinctiveness - No two persons’ characteristic should be same

• Permanence - should not vary reliably over time period.
• Collectability - biometric characteristic should be measurable and collectable from

the subject, practical biometric system consists of some more issues like:
• Performance – the recognition speed and accuracy are critical performance metric
• Acceptability –acceptance of a particular characteristics
• Circumvention – By using fraudulent methods, the susceptibility of a biometric

system to being fooled.

Biometrics encompasses a wide range of characteristics, both physiological and
behavioral, that are used in various applications for identification, authentication, and
security purposes. Each and every Biometric has got its own advantages and the disad-
vantages and hence one biometric cannot be used in all applications. A biometric must
be chosen considering the requirement of the specific application.

3 Related Work

A smart glove has been developed to assist individuals with visual impairments in select-
ing items of their choice. Biometric technologies continue to evolve, offering a range of
options from newer, innovative approaches:

Gait: Gait recognition, which analyzes the unique way individuals walk as a form of
biometric identification, is indeed considered a newer and evolving technology. While it
offers unique capabilities as a spatio-temporal biometric, its application is currentlymore
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suitable for low-security environments due to its lower distinctiveness and susceptibility
to changes over time. Gait will not remain the same for a long period due to change in
body weight or serious brain damage.

Keystroke: Keystroke dynamics, also known as keystroke biometrics or typing rhythm
analysis, is indeed a behavioral biometric that identifies individuals based on their unique
typing patterns on a keyboard. While it provides continuous authentication benefits and
is adaptable to user variations, privacy and ethical considerations must be carefully
addressed to ensure responsible use of this technology.

Odor: While chemical sensors can be powerful tools for distinguishing objects based
on their odor profiles, the effectiveness can be influenced by external factors such as
personal care products and environmental conditions.

Deodorants and perfumes are considered as lower distinctiveness.

Ear: Ear shape recognition, also known as ear biometrics, analyzes the unique shape
and structure of the ear’s cartilaginous tissue and features for identification purposes.
The shape and structure of the ear, including the contours, folds, and position of salient
points (such as the earlobe or specific bends in the ear), are considered distinctive. One
method used in ear biometrics is measuring the distances and relationships between
salient points on the ear relative to a landmark location.

Hand Geometry: Hand geometry biometrics involves the measurement and compari-
son of various physical characteristics of the hand, focusing on its overall shape, dimen-
sions of fingers, the palm, and the relative positions of joints. As ameans of identification
or verification. Unlike some other biometric methods, such as fingerprints or iris scans,
hand geometry is generally used in a verification mode rather than for identification
across a large population. One advantage of hand geometry is that factors like dry skin
or environmental conditions such as dry weather do not significantly impact its accuracy.
However, it’s noted that hand geometry is not highly distinctive, meaning that it may
not be unique enough to identify an individual. There are some challenges associated
with hand geometry biometrics as well. For instance, the information may not remain
invariant during periods of growth, particularly in children.

Fingerprint: fingerprints are highly distinctive patterns found on the tips of fingers and
thumbs. Fingerprints are formed by raised ridges (known as friction ridges) and furrows
on the skin’s surface. he unique characteristics of fingerprints have made them a highly
reliable method of personal identification for many centuries [3]. The process begins
with the live scanning of a person’s finger using a fingerprint reader device. The finger
is placed on a sensor surface where the reader captures an image of the fingerprint. The
preprocessed fingerprint image is then analyzed to extract distinctive features known
as minutiae points. Minutiae points are specific points where ridges end, bifurcate, or
intersect within the fingerprint pattern. These minutiae points are critical as they form a
unique and stable representation of the fingerprint.

Signature: Asignature represents a unique expression of an individual’s hand geometry
and is considered a behavioral biometric. It encompasses not only the general shape of
the signed name but also subtle variations in the way it is executed.. Collecting samples
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for signature biometrics requires the cooperation of the subject and typically involves
the use of a writing instrument. This cooperative nature distinguishes it from other
biometrics that may be captured passively. Signatures are behavioral biometrics because
they change over time. Factors such as physical condition (e.g., fatigue, injury) and
emotional state (e.g., stress, urgency) can influence how a signature is executed, leading
to variations in its appearance.

Face: Facial recognition is one of the most widely adopted biometric methods for the
identity of a person due to the non-intrusive nature and versatility in various applications.
An overview of facial recognition technology and its applications: Facial recognition
is indeed one of the most commonly used biometric characteristics for personal iden-
tification due to its non-intrusive nature and suitability for various applications. Facial
recognition does not require physical contact or special actions from the individual being
identified. It captures a person’s facial features from a distance, making it suitable for
covert recognition applications where users may not be aware they are being identified.
A two-dimensional image of the user’s face is captured either by a camera or a special-
ized facial recognition device. he captured image is processed to extract a set of features
that represent key facial attributes such as the shape of the eyes, eyebrows, nose, lips,
and chin, as well as their spatial relationships.

Retina: The vascular pattern of the retina is indeed unique to each individual and each
eye, making it a highly secure biometric for identification purposes. It is difficult to repli-
cate or forge. Unlike some other biometric methods (like fingerprints or facial recogni-
tion), retinal scans require the cooperation of the subject. The person must look through
a lens at an alignment point for the occurrence of image acquisition. This can sometimes
be perceived as intrusive or uncomfortable. While retinal recognition is considered very
secure, advances in other biometric technologies (such as facial recognition) that are
less invasive and more user-friendly have gained popularity in various applications.

Iris: Development of the iris, which begins in the third month of gestation, results in
its unique and intricate patterns being largely established by the eighth month such as
arching ligaments, furrows, ridges, crypts, rings, corona, freckles, and a zigzag collaret,
are largely established by the eighth month. This early development ensures that each
individual’s iris pattern is unique. Unlike retinal scanning, iris scanning is non-intrusive
and can be performed from a distance of several meters. Capturing the iris using simple
optical equipment and utilizing its response to changes in light are indeed key aspects
of iris recognition technology. This feature enhances the security and reliability of iris
recognition systems. Even identical twins have different iris patterns. Modern iris recog-
nition systems is more user-friendly and cost-effective over time. They can be integrated
into other applications which access control, border security, and identity verification.
Extracting a feature vector from an iris image requires careful management of light,
focus, resolution, and contrast to ensure accurate and consistent identification.

PalmPrint: Similar to fingerprints, the features of palm prints such as pattern of ridges,
valleys, and other distinctive features. The surface area of the palm is larger whichmeans
there are more unique characteristics that can be captured and analyzed, potentially
enhancing the reliability of identification. The larger size of the palm and the greater
complexity of its patternsmake palm prints potentiallymore reliable than fingerprints for
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biometric identification purposes. This increased reliability stems from the uniqueness
and variability of palm print features. A comprehensive biometric system can combine
various aspects of palm prints, including hand geometry (size and shape of the hand),
principal lines (major ridges), wrinkles, and other features.

Voice: The physical characteristics that contribute to creating an individual’s voice. The
size and shape of the vocal tracts vary among individuals and greatly influence the quality
and pitch of their voice. These anatomical features influence the unique sound patterns
produced by a person’s speech. These physical characteristics are generally invariant for
an individual over time, providing a stable basis for voice recognition. The behavioral
aspects of speech include the way in which an individual speaks, such as their accent,
pronunciation, intonation, and speaking style. These aspects can vary over in terms of
age, health conditions, emotional state, or deliberate changes in speech patterns. The
two main categories of voice recognition techniques are Automatic Speaker Verification
(ASV) and Automatic Speaker Identification (ASI).

DNA: DNA (Deoxyribonucleic acid) is indeed considered one of the most reliable
forms of biometric identification due to its unique and highly individualized nature.
DNA samples taken from individuals can reveal sensitive information about genetic
predispositions to diseases or other medical conditions. This raises significant privacy
concerns regarding the storage, use, and potentialmisuse of genetic information obtained
through DNA analysis. Identical twins share identical DNA profiles, which means DNA
alone cannot distinguish between them. This limits the reliability of DNA as a biometric
identifier in cases involving identical twins. Despite these limitations, DNA remains
invaluable in forensic science for identifying suspects, confirming paternity, and linking
individuals to crime scenes. Its reliability and uniqueness make it a powerful tool when
used appropriately in controlled and regulated environments.

4 Working Methodology

Combining multiple models into unified ensemble is common in developing systems,
applications, or devices, ensuring the efficient and effective operation of available equip-
ment. The proposed system incorporates various essential components, which include
the following: In both identification and verification modes fingerprint recognition sys-
tem can be used. The system compares enrolled fingerprint of a user with an input
fingerprint in verification mode, so that they are from same finger (1:1) as in Fig. 1, the
system compares with the fingerprint of all the enrolled users with an input fingerprint
in Identification mode, to obtain the identity from the known set of identities in the
database (1:N).

The three categories of Fingerprint representation are as follows:

• Correlation -based matching: the process involves systematically computing the
correlation between corresponding pixels of two fingerprint images across various
displacements and rotations to determine the best alignment that maximizes the
correlation coefficient, thereby identifying a match between the two fingerprints.
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Fig. 1. Verification system for fingerprint recognition

• Minutiae -based matching: This is widely used technique. Minutiae are considered
as specific points of interest in a fingerprint such as ridge endings and bifurcations.
These are extracted from the fingerprint images and represented as feature sets.

• Texture based matching: Both pattern-based and texture-based algorithms provide
alternative approaches to fingerprint recognition when minutiae extraction may be
challenging or insufficient. These methods leverage different aspects of fingerprint
images—overall patterns anddetailed textures—to achieve accurate identification and
verification in various applications ranging from security to forensic investigations.
Each approach has got its own strengths and based on the specific requirements and
conditions of the application environment.

As described above, Each type of fingerprint representation—correlation-based,
texture-based, and minutiae-based—has its own strengths and challenges. The choice of
representation often depends on the specific requirements of the application, the quality
of fingerprint images, and the desired balance between computational efficiency and
matching accuracy.

Signature Recognition
A handwritten signature is a person’s unique way of writing their name or marking a
document, often used as proof of identity or intent. A handwritten signature is a person’s
unique way of writing their name or marking a document, often used as proof of identity
or intent. t serves as a legal mark indicating consent, authorization, or verification on
documents such as contracts, letters, or forms.

Handwritten signature verification involves assessing the similarity between a query
signature and a stored reference signature to determine authenticity. While traditionally
done through visual inspection, technological advancements are enablingmore objective
and automated methods. The reliability of signature verification is crucial for ensuring
the integrity and legality of documents and transactions in various sectors.
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Online (dynamic) signatures are captured using digital devices like pen pressure-
sensitive tablets or stylus pens that record not only the shape but also dynamic properties
of the signature as it is written. While both online and offline signatures serve the
purpose of authentication, online signatures offer superior security features due to their
dynamic properties, making them more resistant to forgery and more suitable for digital
transactions and legal authentication processes in Fig. 2.

Fig. 2. Online and Offline Signature capturing and different types of signature verification
techniques

5 Technical Specification, Configuration and Process

After conducting the experiment, the following outcomes shown in Fig. 3 have been
achieved:

VoiceModule – A fingerprint is characterized by the dermatoglyphic patterns found on
the surface of the finger. It consists of spaces in between the ridges called furrows on the
surface of the finger, and these patterns do not change over time except for mechanical
alterations like scars and cuts.

Fig. 3. Fingerprint showing with ridges and furrows
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• Minutia is a particular shape of ridges and valleys pattern at the local level. Among
different types of minutia: ridge bifurcation and ridge ending are considered in Fig. 4
and Fig. 5.

Fig. 4. Ridge Bifurcation Fig. 5. Ridge ending

• Singularities is a particular shape of fingerprint pattern at a global level. It is classified
into three types such as loop, delta and whorl as shown in Fig. 6

Fig. 6. a) Loop, delta and whorl, b) Arch c) Tented Arch

Loop: is a type of fingerprint pattern where one or more ridges on one side of the
impression recurve, and touch or pass near the delta (a point on the fingerprint pattern
where ridges diverge) before terminating or tending on the same side of the impression
to be terminated from which they entered.

Whorl: Is one of the fingerprint pattern where at least one ridge makes a complete
circuit around a central point or points. Whorls are characterized by the presence of two
deltas (triangular-shaped ridge patterns) and at least one ridge makes a complete circuit.
The whorl class is bit complex and it is classified into 2 types: twin loop and plain whorl.

Arch: (a plain arch): In fingerprint classification, an arch is characterized by ridges that
enters one side of the impression, which makes a rise or wave in the center, and flow or
to the other side as shown in Fig. 6b.

Tented Arch: Similar to an arch pattern, ridges in a tented arch enter one side of the
impression, then rise towards the center, and flow or tend to flow out on the other side.
Unlike a plain arch, the feature of a tented arch is the presence of at least one loop
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formation and one delta. The loop is a ridge pattern that recurves back on itself, and the
delta is a triangular-shaped ridge pattern located near one of the sides of the tented arch
shown in Figure 6c.

A high resolution fingerprint imaging device came into existence by Biometrics
Research Centre (UGC/CRC) of the Hong Kong Polytechnic University, in which it
is used to c onstruct large-scale high resolution fingerprint databases (HRF). It is also
designed for effective and efficient algorithms inwhich it extracts andmatches fingerprint
additional features.

There are two High resolution databases of fingerprint images(denoted as DBI and
DBII).

In order to test and train algorithms in biometric system , finger print recognition
databases were created. Each fingerprint image is named in the format “ID_S_X”.

• ID: is the identity of the person. Each person has a unique identifier.
• S: Represents the session when the fingerprint image was captured. There are two

sessions for each person.
• X: Represents the image number within each session. This indicates multiple images

may have been captured for each session.

Fig. 7. Sample images

In Fig. 7, LPQ is a texture descriptor that captures local phase information in an
image. It’s computed locally for each pixel and is particularly useful for texture clas-
sification tasks The LPQ is computed for a specific pixel within the image, which is
described as ’colored gray“. In LPQ computation, Short-Time Fourier Transform coef-
ficients are used. These coefficients are computed by an M-by-M neighborhood around
the pixel for the lowest horizontal, vertical, and diagonal frequencies (1, 0); (0, 1); (1,
1); and (1, −1) (in Figure 12 M = 5). After quantization based on sign, you obtain
four binary digits (bits) for each complex coefficient (two bits for the real part and
two bits for the imaginary part). This results in an 8-bit binary number which is then
interpreted as a decimal number, ranging from 0 to 255. Optimizing the LPQ descriptor
involves decorrelating frequency coefficients before quantization to maximize informa-
tion preservation. This is achieved by assuming isotropic image blur and using efficient
1-D convolution techniques for computing frequency coefficients. These optimizations
enhance the descriptor’s performance in texture analysis tasks, such as classification and
recognition, within image processing and computer vision domains.
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LPQ (Local Phase Quantization)
The rotation-invariant extension to the Blur Insensitive LPQ descriptor enhances its
utility in texture classification tasks, particularly in fingerprint recognition shown in
Fig. 8.

The Local Phase Quantization (LPQ) descriptor is derived from the Discrete Fourier
Transform (DFT) computed over local image windows, often referred to as the Short-
Term Fourier Transform (STFT).

Fig. 8. Texture analysis

(STFT) - LPQ is computed based on the quantized phase information obtained
from the Short-Term Fourier Transform (STFT) coefficients within a neighborhood.
To describe the entire image or a local region, a histogram is constructed where each bin
corresponds to a possible combination of the 8-bit LPQ codes (ranging from 0 to 255)
These histograms serve as effective features for texture classification tasks, leveraging
distance metrics such as Euclidean distance to classify textures based on their similarity
in local texture patterns..

The comparison is done between the Local Phase Quantization (LPQ) method and
the Local Binary Pattern (LBP)method and also Gabor filter bank-basedmethod, reveals
interesting insights into their performance in texture analysis:. LPQ exhibits higher tol-
erance to image blurring compared to LBP. This is due to LPQ’s focus on the phase
information of the frequency components rather than amplitude, which can be more sen-
sitive to blur. Gabor Filter are designed to capture both spatial frequency and orientation
information, making them versatile for texture analysis.

A Signature as a Signal
“The human motor system influences the dynamics of a signature, which is typically
defined as a sequence of strokes. These strokes can be categorized and classified based
on their assembly.”

The confusion becomes apparent, when looking at the various definitions of a stroke:

• Cognitive feature: A cognitive feature can be understood as a component within a
signature that holds perceptual significance. This definition becomes clearer when
we consider its frequent occurrence across various signatures, or when the writer
consistently draws attention to that specific part of their signature.”
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• Time segment: A time segment in signature analysis refers to the interval between
two consecutive changes in velocity. The assumption underlying this definition is that
the reasons behind these velocity changes may be linked to perceptual relevance.”

• The segment between two consecutive changes in velocity in signature analysis
implies that these changes occur for perceptually relevant reasons.”

• the part between two consecutive velocity sign changes. The assumption is here that
there must be a reason why the velocity changes and this may have something to do
with perceptual relevance.

• Connected component: in signature analysis refers to the segment between the
moments when the pen lifts up and touches down again. This phenomenon is often
interpreted as indicating moments of perceptual relevance.

Fig. 9. Signature and related feature as signals

Fig. 10. Samples of signature

Figure 9 shows related feature as different signals. In literature, different features
such as X and Y coordinates sequence, Z as Pressure coordinates sequence, AZ as Pen
Azimuth coordinates sequence, In as Pen Elevation coordinates sequence, have been
used for signature verification in different systems. The reliability of these systems
is yet far from human expectation. Therefore, in this paper two different biometric
modalities (fingerprint and online signature), the system adds an extra layer of security.
Both fingerprint and online signature are unique to individuals and difficult to forge or
replicate, shown in Fig. 10.

System Design
Figure 11 modules of our signature verification system is shown. A user’s signature is
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given as input during the time of enrollment of a new user. Then the data is preprocessed
and then the feature extraction takes place. Along with unique identifier, the data is then
saved in a database then it is used to retrieve the signatures during matching.

Fig. 11. Modules of a signature verification system

After extracting features from the training signatures, a threshold value is derived by
considering matching score. This verification process ensures that the signature verifica-
tion system maintains a balance between security (through the threshold) and usability
(through efficient matching algorithms). It leverages the stored signature templates and
derived thresholds to reliably authenticate users based on their signature characteristics.
The preprocessing and feature extraction steps are applied. Then signature is compared
to each and every samples of training set which is retrieved from the database.

6 Results

The experimental results are shown below tables for different combinations of training
and testing using classifier K-NN with Euclidean distance measure (Tables 1, 2 and 3).

Table 1. Result of Recognition, Recall, Precision, Fmeasure of Signature by using different
features.

No. of Samples = 100 No. of train = 3 No. of test = 2

Features PenPressure +
Azimuth + Elevation

Pen Pressure
(Z)

Azimuth
(AZ)

Elevation
(In)

Recognition 81 76.5 22.5 19

Recall 81 76.5 22.5 19

Precision 83.2 78.4 20.2 20.5

Fmeasure 82.10 77.47 21.3 19.73

Unimodal biometrics are experimented with different samples of training and testing
for online signature, the best accuracy was 83.2% with 3 training samples and 2 testing
samples (Table 4).
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Table 2. Result of Recognition, Recall, precision, Fmeasure of Signature by using different
number of samples for training and testing.

No. of Samples = 100 No. of train = 2 No. of test = 3

Features PenPressure + Az-
imuth + Elevation

Pen Pressure
(Z)

Azimuth
(AZ)

Elevation
(In)

Recognition 60 56.33 18.66 14.33

Recall 60 56.33 18.66 14.33

Precision 61.23 57.08 16.19 13.32

Fmeasure 60.61 56.70 17.34 13.81

Table 3. Result of Recognition, Recall, precision, Fmeasure of Signature by varying samples of
training and testing.

No. of Samples = 100 No. of train = 4 No. of test = 1

Features Pen Pressure + Az-
imuth + Elevation

Pen Presure
(Z)

Azimuth
(AZ)

Elevation
(In)

Recognition 75 72 8 15

Recall 75 72 8 15

Precision 66.75 62.75 4.79 8.86

Fmeasure 70.63 67.05 5.99 11.14

Table 4. Fusion Result of Fingerprint and Signature

No. of Samples = 100 No. of train = 3 No. of test = 2

Fingerprint Signature Recognition

Lpq_basic Pen pressure 94

Lpq_basic Azimuth 92

Lpq_basic Elevation 91.5

Lpq_basic Pen pressure, Azimuth, Elevation 91.5

Lbp Pen pressure 90

Lbp Azimuth 82

Lbp Elevation 84

Lbp Pen pressure, Azimuth,
Elevation

88.5

When unimodal biometrics are experimented with different samples of training and
testing for fingerprint the best accuracy was 83.5% with 3 training samples and 2 testing
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samples, for online signature the best accuracy was 83.2% with 3 training samples and
2 testing samples, where as in multimodal, by performing different experiments on the
combined feature matrix of fingerprint and signature, the recognition rate was 94% and
varying training and testing samples it was resulted out with the best recognition rate of
95%.

7 Conclusion

Designing multimodal biometric systems indeed presents several challenges due to the
diverse nature of biometric resources and the complexities involved in integrating them
effectively. We have selected two different modalities fingerprint and online signature,
in this project and performed fusion to increase the system performance for recognition
of an individual. First, challenges were approached in unimodal fingerprint matching
from an information fusion perspective. The texture based information present in the
fingerprint is extracted from local phase quantization (LPQ) method; The LPQ (Local
Phase Quantization) method is considered as an advanced technique that differs signifi-
cantly from LBP (Local Binary Pattern) methods, particularly in how it handles feature
extraction and its applicability to solving complex problems in biometrics, particularly
with local minutiae features. Then, designing of a unimodal online signature verification
system based on spectral analysis by including features such as Pen Pressure, Azimuth,
and Pen Elevation. The spectral analysis of an online signature offers several advantages,
particularly in the context of compact representation and efficient matching algorithms.
Using global features in fingerprint analysis offers several advantages, one of which
is the complementary nature of the information they provide when combined through
fusion techniques. Prior to combining the feature sets from two biometrics, we normal-
ized the scores using z-score normalization method because the two feature sets resulted
with heterogeneous data. Feature level fusion combines feature vectors from different
biometric modalities (such as signatures and fingerprints) into a unified representation
for each user in the database. Classification was performed using the effective and robust
K-NN classifier.

However, a multimodal biometric system not only enhances matching performance
but also effectively addresses challenges like non-universality and spoofing that are
prevalent in unimodal systems. By leveraging the strengths of multiple biometric
modalities, such systems offer robust security solutions suitable for a wide range of
applications.
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Abstract. Wireless Mesh Networks (WMN) plays a vital role in modern day
communication. It transfers the data to every node through hop by hopmechanism.
It can act as a client as well as the server. The data transmitted to every node from
source to destination and hence the next node selection plays a challenging task
in WMN. The previous state of art models shows that the node selection is done
with lot of time waste or a wrong node is selected. Hence, we propose a novel
methodology in which enhanced bubble sorting is used to identify the next node
and reinforcement learning is applied every time for the verification of exactness
of the node. Traditional sorting algorithms are simple to implement but they lack
in efficiency for handling a large number of mesh nodes. The enhanced bubble
sort reduces the number of unnecessary comparisons based on the reward and loss
of the reinforcement learning and hence choose the best node.

Keywords: WMN · Reinforcement learning · Enhanced bubble sort

1 Introduction

With the help of mesh nodes—which can function as both clients and servers—Wireless
MeshNetworks (WMNs) produce a communications structure, allowing for the low-cost
formation of networks across a large region. Even after the communication situation is
bowdlerized due to catastrophe across a large zone, they nevertheless act rapidly and
widely to restore the networks. The Internet of Things (IoT) era is projected to use
WMNs as the communication infrastructure for edge systems, although they can also be
used in other situations. The choice of the following node, however, has a big impact on
how the network functions, plus fitting costs, communication distance, and conservation
[11–13].

The goal of the research is to increase the recital ofwireless communication complete
WMNs by selecting mesh nodes more effectively. Several metaheuristics, including
Genetic Algorithms (GA), Hill Climbing (HC), Simulated Annealing (SA), Tabu Search
(TS), and Particle Swarm Optimization (PSO), can be used to optimize mesh node
selection, however they are not always successful.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 72–80, 2025.
https://doi.org/10.1007/978-3-031-75608-5_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-75608-5_6&domain=pdf
https://doi.org/10.1007/978-3-031-75608-5_6


Reinforcement Learning with Enhanced Bubble Sort 73

With their ubiquitous application in a variety of computing operations and systems,
sorting algorithms have a fundamental and important place in the field of computer
science. These algorithms are essential for allowing computers to analyze and alter data
effectively. They can be found at the foundation of database management systems, in
search algorithm optimization, in numerical computations, and in data analysis. Given
their major impact on overall computing time and resource utilization, these sorting
algorithms’ effectiveness and efficiency are increasinglymore important as data quantity
increases.

With their ubiquitous application in a variety of computing operations and systems,
sorting algorithms have a fundamental and important place in the field of computer
science. These algorithms serve a crucial role in enabling computers to process and alter
data effectively, from the heart of database management systems to the optimization of
search engines, to numerical computations and data analysis. With their major impact
on overall processing time and resource use, these sorting algorithms’ effectiveness and
efficiency become even more critical as data sizes increase.

Although artificial intelligence (AI) systems are currently outperforming humans
in certain target areas like speech and picture recognition, most jobs that we conduct
on a daily basis can still be handled considerably more readily by the human brain
than by AI. A state and a prize from the situation are provided to an agent during
reinforcement learning. Finding the right course of action is the agent’s responsibility.
The right behaviour in reinforcement learning is onewhichmaximizes the reward, which
is often referred to as exploitative behaviour. However given the lack of rewards, it might
not be possible to solve issues only through exploitation. The agent has nothing to exploit
because reward sparsity makes it unlikely that it will discover a reward immediately.
Because of this, solving issues with sparse rewards requires an exploration method.

2 Literature Survey

As a result, authors claim that closing data must frequently be transferred between inter-
nal and external memory, external sorting—a core technique of database management
systems—suffers from a high I/O burden. Non-volatile memory could be an alternative
(NVM), however, cannot be used with the standard external sorting algorithm because
it was designed specifically for disk storage. The benefit of LazySort over conventional
algorithms is also amplified as the volume of data grows [1].

Authors says that multi-criteria sorting problems are a commonmodel for many real-
world problems. Many options are categorized into predetermined types in this kind of
situation. Provide a novel hybrid way to classifying choices while taking decision-maker
restrictions into account. Easy cluster best-worst and multiple-criteria categorization
methods will both be used in this strategy. As a result, the decision-maker may find the
results ineffectual. The weighting methodology provided in this study can be regarded
as the maximum real cluster best-worst technique ever published because it can be
solved without an optimization model or specialized software. It is also suggested to
use a way of sorting using several criteria. The results demonstrate the validity and
accuracy of the methodologies that were created. The recommended method can be used
to solve classification-based real-world challenges and aidsmanagers in considering their
restrictions during the decision-making process [2].
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The authors review deep reinforcement learning exploration strategies. Exploration
strategies are a key factor in problem-solving with little reward. In situations when
incentives are rare, the reward is infrequent, therefore the agent won’t often find the
reward by acting arbitrarily. Reinforcement learning finds it difficult to associate rewards
with behaviors in such a situation. Hence, more advanced exploration techniques must
be developed [3]. Authors said that data privacy can be efficiently safeguarded with fully
homomorphic encryption (FHE). Users can accomplish this on a cloud server deprived
of skimpy their identities and trust a third party with handling their data. The Users may
envoi data processes to a third party on a cloud server and do so deprived of divulging their
identities. The fundamental data management and processing algorithms. According to
the experiments, when an element is larger than 32 bits, AdditionSort outperforms the
bubble sort by over 50% [4].

Viewpoints of the authors Ad hoc networks, such as MANET, link a large number of
mobile devices to form decentralized wireless mesh networks. Because of its intricacy
and dynamic nature,MANETs are a type of network that frequently changes its topology.
It is feasible to reduce the cost of topology by utilizing the cluster-based structure. The
clustering problem is formulated using Elephant Herding Optimization to select the
optimal cluster head (CH) in MANET (EHO). The simulation results that were utilized
to validate the proposed EHO technique show that the work creates stable clusters where
simulation results are compared to existing algorithms. In terms ofmeasures like network
durability and clustering overhead, the EHO performs better than older methods [5].

ExSeisDat was created by the authors to manage seismic data on high-speed super-
computer clusters utilizing the standard message passing interface (MPI) library. The
bulk of the time, these clusters are built to handle complex workloads and large-scale
IO well. Several programs trying to access data from parallel networked storage raise
concerns about IO performance reduction. Both the lack of innovation in the storage
hardware and the constrained set of protocols used by the parallel file system (PFS)
that manages the disks are factors in these issues. Users who are mainly concerned with
creating parallel applications usually miss this, demanding and resulting in the changing
of specific configuration parameters to improve IO performance. Yet, there are specific
situations where it is necessary to change the setting values. With a huge seismic data
file scaling to petabytes in SEG-Y format, all of this leads to further IO performance
reduction. Two of ExSeisDat’s most crucial functions are the SEGY IO and file sorting
processes. This article presents a strategy for leveraging artificial neural networks to
enhance current SEG-Y approaches (ANNs). To forecast IO bandwidth and optimize
the relevant configuration parameters, machine learning (ML) uses trainedANNmodels.
We also go through statistical analysis of auto-tuning bandwidth findings and the impact
of hidden layer node structure variations on ANN prediction accuracy [6].

Authors says that each day, trillions of times are used for simple algorithms like
sorting and hashing. The need for these algorithms to be as performant as possible has
grown along with the need for computation. Although there has been notable progress in
the past, it has been difficult for both human scientists and computational technologies
to further increase the effectiveness of these routines. Here, we demonstrate how finding
previously undiscovered routines allows artificial intelligence to development beyond
the current public of the art. Designed the objective of discovering a improved sorting



Reinforcement Learning with Enhanced Bubble Sort 75

procedure as a single-player game to realize this. Subsequently taught AlphaDev, a
fresh deep reinforcement learning agent, how to show this game. Little categorization
algorithms were created from scratch by AlphaDev and outperformed existing human
standards. The LLVM standard C++ sort library3 now incorporates these methods. With
this modification to this section of the sort library, an algorithm that was automatically
found by reinforcement learning takes the place of a component [7].

Authors claim that Wireless Mesh Networks (WMNs) are capable of developing
a communications infrastructure with only routers (referred to as mesh routers). Mesh
routers, also known as mesh clients, enable mesh clients to communicate with various
nodes. Because it influences how well WMNs communicate, mesh router placement
can be changed to increase communication performance. Here, we offer a mesh router
placement technique thatmaximizes coverage (CCM).A combined optimizationmethod
that applies both Simulated Annealing (SA) and Delaunay Edges (DE) in CCM is also
provided in order to increase the effectiveness of mesh router placement optimization.
The suggested method givesWMNs the ability to establish and supply a communication
infrastructure in emergency scenarios. By placing mesh clients in Kurashiki City, an
evacuation zone for Japan, we take into account a real-world scenario. The simulation
results show that using the suggested technique, mesh routers may be placed in the best
locations to reach every mesh client in the evacuation zone. The DECCM-based SA
strategy, which frequently covers more mesh clients than the CCM-based SA strategy,
can also increase WMN network connectivity [8].

For real-time pressure process control and industrial wireless mesh networks
(WMNs) optimization, the authors suggest a novel hybrid Harris Hawk-Arithmetic Opti-
mization Algorithm (HHAOA). In order to address position relocation issues, prema-
ture convergence, and the subpar accuracy of the existing methodologies, the suggested
method incorporates concepts from the Arithmetic Optimization Algorithm and Harris
Hawk Optimization. The Arithmetic Optimization Algorithm, Moth Flame Optimiza-
tion, Sine Cosine Optimization, GreyWolf Optimization, and Harris Hawk Optimization
were used to test the HHAOA methodology against a number of benchmark functions
as well as in comparison to other optimization methods.

3 Methodology

By hopping from node to node, data is conveyed. The hardest part of mesh network
operations is choosing the next node. We recommend a tweaked Bubble sort algorithm
to choose the following node. It is necessary to tackle the problemwith a methodical and
thorough technique that takes into account mesh network practicalities in the effort to
optimize Bubble Sort. Wemay check whether the list has already been sorted by keeping
note of whether any swaps were made during each pass. If none were, we can stop the
algorithm early and see if the list is already sorted.

Due to this enhancement, the algorithm is now able to attain a best-case time com-
plexity of O(n), which is much better than the average and worst-case outcomes. The
biggest element in the list is always placed at the end of the list after each pass. It is a
straightforward observation that once an element has been placed correctly, it is unnec-
essary to include it in further comparisons. The final item on the list can thus be left out of
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the subsequent pass. This improvement immediately lowers the amount of comparisons
and swaps carried out during each pass, reducing the algorithm’s temporal complexity
and actual runtime.

It is important to retain in attention that a variability of issues, with the program-
ming language, the hardware used to perform the algorithm, the size and distribution
of the dataset, and the specific implementation of the method, might affect how long it
takes to complete a task. We made sure that the standard and Optimized Bubble Sort
algorithms were implemented in the same setting, on the same hardware, and using the
same programming language in order to reduce the effects of these external factors and
concentrate on the inherent efficiency of the algorithms. The quantity of passes through
the list was a different performance metric we took into account. Fewer passes often
result in higher performance because each pass through the list represents a full iteration
over all of its components. As the number of passes closely correlates with the number
of comparisons and swaps performed by the algorithm, this parameter is particularly
important for Bubble Sort and its optimized counterpart.

Reinforcement An agent learns how to function in a particular environment by taking
actions and seeing the results of those actions, which is a feedback-based machine
learning technique. The agent gets positive feedback for every action that is effective,
and they get bad feedback or a penalty for every unsuccessful action. RL algorithms
that use models as well as those that don’t can both be generically described. The
environment in general, or the MDP in particular, is not particularly represented by
model-free methods. They are similar to algorithms that pick the best course of action
after testing environmental ideas through behavior. The two types of algorithms that lack
models are value-based and policy-based.

The promise of value-based algorithms is that the exact prediction of each state’s
value function leads directly to the formulation of the best possible policy. The agent
engages with the environment to sample the state and reward trajectories using the
Bellman equation as a recursive relation. The MDP’s value function can be roughly
estimated with enough trajectory data. Once the value function is understood, all that’s
left to do is act greedily toward it at each step of the process to determine the best
course of action. Q-learning and SARSA are two examples of value-based algorithms.
Without having to describe the value function, policy-based algorithms can predict the
best course of action.

The learning problem becomes an explicit optimization problem when the policy
is directly parametrized using learnable weights. Similar to value-based algorithms,
the agent samples the trajectory of states and rewards, but by maximizing the average
value function across all states, this knowledge is specifically employed to improve the
policy. The Monte Carlo policy gradient (REINFORCE) and the deterministic policy
gradient are two well-known policy-based RL techniques (DPG). High variation in
policy-based methods causes instability to show up throughout training. Although more
trustworthy, value-based modeling methodologies are inadequate for continuous action
space modeling. One of the best RL algorithms, actor-critic combines a value-based and
a policy-based methodology. The value function (critic) and the policy (actor) in this
method are both parametrized to enable the efficient use of training data with continuous
convergence.
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Fig. 1. Architecture Diagram

Figure 1 explains the workflow architecture of the model. Mesh nodes are passed
as input to Optimized bubble sort. Using optimized bubble sort very fast next node is
selected. The selected node is applied for Reinforcement learning. The RL mechanisms
verifies whether the selected node is the next best node. If the node is best node award
is generated and if not penalty is generated. If award we proceed continuously with next
nodes, if penalty we again apply optimized bubble sort and the process continues till
best node selected.

4 Results and Discussions

Using mesh nodes of various sizes, we assessed the performance of the conventional
Bubble Sort method and the Improved Bubble Sort algorithm (ranging from 10 to 1000
nodes). For each algorithm, datasets were generated at random and run to measure
the average execution time. Table 1 shows that the Improved Bubble Sort consistently
showed faster execution times than the conventional Bubble Sort.

Table 1. Comparison Table for Sort

Elements Avg. Time (Traditional) in ms Avg. Time (EBS) in ms

10 0.06 0.01

100 0.15 0.8

500 1.6 1.1

1000 2.1 1.6

In Fig. 2, the computation time is computed based on the Table 1.
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Fig. 2. Computation Time Graph

In Fig. 3 the Enhanced bubble sort with Reinforcement learning is compared with
Tabu search with distributed scheduling Optimization [10] in which our EBS+RL gives
the best results and outperforms TS+DS
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Fig. 3. Throughput Comparison

Figure 4 shows the reduction in error rate graph, When compared with traditional
TSO with DS shows high error rate when compared with our proposed EBS +RL
approach for wireless mesh networks.
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Fig. 4. Error rate reduction

5 Conclusion

In a the modern era of communication the most fast and efficient transfer is needed
among the nodes in mesh. The proposed model enabled with enhanced bubble and
reinforcement learning shows best results when compared with previous state of art
model. Hence transmission can be done in a more quick and efficient means in the mesh
networks.
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Abstract. In this study, developed integrated soil health monitoring system using
the Internet of Things (IoT) for evaluating soil health which is irrigated by the
effluent from Sewage Treatment Plant (STP). The system makes use of sensors
to gather information on different characteristics like pH levels, temperature, soil
moisture and NPK. The microcontroller unit receives the collected data and using
pre-programmed threshold values activates the integrated system. A cloud-based
platform for data processing and storage is also part of the system. The proposed
system may be able to handle issues like the necessity for regular monitoring
and the fluctuation of effluent quality that are related to using STP effluent for
irrigation. The technology makes irrigation precise and effective, which promotes
healthy plant development and healthy soil conservation.

Keywords: IoT · Soil health monitoring · Cloud-based platform ·
Microcontroller · STP effluent · Soil conservation

1 Introduction

Water adaptation strategies are being studied considering the anticipated effects of global
warming in order to guarantee water availability for agricultural production, human
consumption, and ecosystem sustainability. In addition, it’s important to keep water safe
for consumption by humans and for reuse in the environment. Risks from climate change
include increased water scarcity, poor water quality, increased soil salinity, biodiversity
loss, increased irrigation needs, and the cost of emergency and remedial action. These
variables have led to an increase in the number of studies that concentrate on innovative
ways to use water for irrigation. The Internet of Things (IoT) is now more than just
an idea; it is being used in practical applications. Since then, there have been a lot of
technology and application challenges [1].
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In this scenario, the incorporation of sensors into IoT devices ensures a secure con-
nection to the real world. Modern IoT devices do indeed have a variety of sensors,
including accelerometers, gyroscopes, microphones, light sensors, and others, allowing
for more effective and user-friendly applications. IoT devices can improve any ongoing
task efficiently by using these sensors to detect any changes in their environment. The
IoT sector expanded at a phenomenal rate as a result of the growing acceptance and
usefulness of IoT devices in a variety of application domains [2]. It is advantageous for
the user to interact with sensors from anywhere in the Arduino, which reduces power
consumption by increasing system life and executes on a wide scale for comparatively
little investment, thanks to the communication through the website. The system can also
be created for a cooling system with temperature sensors. They must stop engaging in
other activities because they must wait until the field has been properly watered even
after that [3]. The irrigation system will be controlled by the suggested system accord-
ing to the amount of soil moisture in order to maximize water utilization. This increases
agricultural productivity and lessens water waste. Also, the device offers current data
on the amount of soil moisture, assisting farmers in making well-informed irrigation
decisions [4].

1.1 Methodology

The development of the proposed system includes its hardware and software compo-
nents, and its design and implementation. A real-world testing is used to evaluate the
system, and the findings demonstrate how well the suggested approach works to max-
imize water use in agriculture. Although irrigation is difficult in dry areas and there is
less rainfall there. Because of its low cost, ease of application, and ease of maintenance,
the ESP8266 Wi-Fi based communication system was chosen. A soil moisture sensor is
used in an Internet of Things based smart irrigation system to optimize water utilization
in agriculture. A soil moisture sensor, a microcontroller, a Wi-Fi module, and a web
application make up the system. The microcontroller receives the data from the soil
moisture sensor, which is used to gauge the soil’s moisture content. Using the Wi-Fi
module, the microcontroller processes the data before sending it to the cloud server. The
online application collects the information from the cloud server and offers real-time
data on the irrigation system and soil moisture level (Figs. 1, 2 and 3).
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Fig. 1. Block Diagram of Proposed IoT System

Fig. 2. Block Diagram for NPK Sensor
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Fig. 3. Sensors Used

2 Results and Discussion

2.1 Representation of the Model

In Fig. 4, pictorial overview of working model is represented. All the respective sensors
of the parameters are connected to the micro-controller Arduino UNO. Readings were
taken simultaneously (Fig. 5).
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Fig. 4. Pictorial representation of the hardware connections (Arduino Nano Circuit)

Fig. 5. Rapid growing crops grown for the experiment which is irrigated by treated effluent

2.2 Tested Values of Effluent Water Quality in the Laboratory

(See Table 1)
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Table 1. Summarized Results obtained by manual test in the Environmental Laboratory.

Sl. No. Parameters Units Results of STP
effluent Water

*Desirable-Maximum
limit

1 pH – 8.4 6.5 – 8.5

2 Turbidity NTU 8 5–10

3 Total Dissolved
Solids (TDS)

mg/L 334 1000

4 Biochemical oxygen
demand (BOD)

mg/l 18 20–30

5 Dissolved oxygen
(DO)

mg/l 4.5 4–5

6 Alkalinity mg/l as CaCO3 48.5 30–100

7 Total hardness mg/l 208 399–429.97

8 Calcium hardness mg/l 257 300–400

9 Magnesium hardness mg/l 11.95 50–100
* Irrigation effluent water standards as per Central Pollution Control Board

2.3 N, P and K Fertility Status of Dakshina Kannada and Udupi Districts
in Karnataka as Determined by IISS, Bhopal

(See Tables 2 and 3).

Table 2. N, P and K fertility status of Dakshina Kannada and Udupi districts.

Nutrient Status Districts

Nitrogen High Dakshina Kannada and Udupi

Phosphorous Low Dakshina Kannada and Udupi

Potassium Low Dakshina Kannada and Udupi

2.4 NPK Consumption Ratio During the year 2007–08, 2008–09, 2009–10
and 2010–11 in Karnataka.

Table 3. N, P and K consumption ratio in Karnataka.

State 2007–08 2008–09 2009–10 2010–11

N: P: K N: P: K N: P: K N: P: K

Karnataka 2.4: 1.2: 1 2.1: 1.4: 1 2.1: 1.4: 1 2.6: 1.7: 1
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2.5 Results Acquired from Sensors as IoT System

To visualize the data received from the sensor like DHT11, pH sensor, soil moisture
sensor and the NPK sensors were sending the data by using ESP8266 as it is a wi-fi
module and also acts a microcontroller (Table 4).

Table 4. Acquired digital data from sensors as IoT system.
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3 Conclusion

The developed IoT integrated soil health monitoring system for the assessment of STP
effluent has tremendous potential to address the issues of water quality and pollution in
irrigation land, this will helps to STPworking efficiency andmonitoring. IoT technology
makes it possible to monitor and manage effluent water use in real-time quality test,
improving effluent water use and boosting crop output. In addition, monitoring sewage
treatment plant effluent with IoT sensors offers a practical and sustainable way to reuse
effluent water for irrigation.

Monitoring anddetection ofwater quality parameter such as pH, turbidity, TDS,Tem-
perature and NPK was done by sophisticated inbuilt NPK sensors which are embedded
in the prototype is done and it will be accessed via node MCU through Thing-Speak and
the acquired data is correlated with the data acquired frommanual effluent water testing.
The main focus of the research work ease of monitoring and detecting for the end user
to differentiate the effluent water quality for the irrigation purpose as well as soil health
monitoring. The prototype developed is working according to the desired IS standards
and purpose and passed all the set of simulation and tests conducted as per IS standards.

Acknowledgement. We would like to acknowledge Mangalore Institute of Technology & Engi-
neering, Moodabidri, Mangaluru, Karnataka, India, for the constant support and encouragement
to carry out the research work.
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Abstract. The healthcare sector plays a pivotal role in a nation’s economic land-
scape. Despite its significance, India faces limitations in healthcare communica-
tion innovation, hindering service quality enhancement. This paper identifies the
absence of an electronic healthcare system in India as amajor obstacle. In response,
we propose an e-Health card system designed to boost the efficiency and accessi-
bility of healthcare services. Authorized parties can securely access patient data,
doctors’ prescriptions, and medical histories through a dedicated web page. The
introduction of digital records ensures improved tracking and standardized docu-
mentation of patient interactions, thereby minimizing the risk of errors. Notably,
our project addresses the critical need for a comprehensive database accessible
to all hospitals, particularly when transferring patients to facilities with advanced
capabilities. By providing a centralized platform, our initiative aims to bridge
existing gaps in the healthcare system and elevate patient care standards in India.

Keywords: Healthcare system · E-health card · Doctor’s prescription · Patient’s
data

1 Introduction

The healthcare sector, a cornerstone of a nation’s well-being, stands as a critical con-
tributor to both public health and a country’s economic vitality. In the context of India,
however, the full potential of healthcare services remains untappeddue to a limited imple-
mentation of communication innovation. The absence of a robust electronic healthcare
system has posed challenges, hindering the enhancement of service quality and impeding
the seamless delivery of medical care.

Globally, many countries have successfully embraced e-health card systems, lever-
aging the power of communication technology to elevate healthcare services. In contrast,
India currently grapples with the absence of an electronic healthcare infrastructure. This
lacuna has prompted the need for innovative solutions that can enhance the efficiency
and accessibility of healthcare services, ensuring that the burgeoning population receives
timely and quality medical care.
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Addressing this imperative, our proposed e-Health card system represents a strategic
response to the existing gaps in India’s healthcare landscape. Grounded in the princi-
ples of communication technology, our system seeks to empower authorized parties,
including healthcare providers and stakeholders, with seamless access to vital informa-
tion. This includes patients’ data, doctors’ prescriptions, and comprehensive medical
histories—all accessible through an intuitive web-based platform.

One of the key advantages of our proposed system lies in its ability to introduce digital
records, a transformative approach that facilitates meticulous tracking and standardized
documentation of patient interactions. By doing so, the system aims to mitigate the
likelihood of errors, ensuring that healthcare practitioners are equipped with accurate
and up-to-date information for informed decision-making.

Furthermore, our project recognizes the critical need for a comprehensive database
accessible to all hospitals. In situations where patients require transfer to facilities with
advanced capabilities, the availability of a centralized platform becomes imperative.
Through this initiative, we aspire to establish a robust foundation that promotes data
interoperability and accessibility across the healthcare spectrum, ultimately elevating
the standards of patient care across the nation.

2 Literature Review

The healthcare paradigm centers around the continuous measurement and monitoring
of various biological parameters within a patient’s body, encompassing vital signs such
as blood pressure, oxygen levels, and temperature. This intricate process is facilitated
through the integration of a web server and an Android application. By leveraging the
Android app, medical professionals can seamlessly monitor a patient’s condition in real-
time via their smartphones. Moreover, the patient’s complete medical history is securely
stored on the web server, enabling remote access for physicians and concerned parties,
thereby eliminating the necessity for physical presence [1].

An exemplification of this technology is in medical services for assessing patient
well-being. The Internet of Things (IoT) enhances the efficiency of clinical devices by
enabling continuous monitoring of patient health. Through sensors that capture patient
data, the potential for human error is minimized [2].

This paper proposes a health monitoring system utilizing non-invasive biomedical
sensors specifically designed for temperature and heartbeat measurement. The acquired
results are showcased on any digital monitoring system using an Arduino Mega. Subse-
quently, the sensor-generated data is transmitted to the ThingSpeak cloud, facilitating the
storage and accessibility of patient information by healthcare professionals or concerned
individuals for instantaneous follow-ups [3].
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The inception of Radio Frequency Identification (RFID) technology traces back to
1948, with its early application being the Identification, Friend or Foe (IFF) system
for aircraft. In healthcare, RFID plays a pivotal role in automated object identification.
Two noteworthy applications include Cloud-Based Smart Card Healthcare Monitoring
and Global Positioning System, utilizing RFID integrated with smart cards, and Global
Med Info Smart Assistant with Cloud Storage, combining RFID technology with cloud
storage for secure information management [4].

By integrating GSM and IoT technology, effective patient condition monitoring
becomes feasible. This innovative approach incorporates smart sensors, including tem-
perature and heartbeat sensors, to gauge the patient’s internal temperature and pulse.
The system operates on an ARDUINO-UNO board as a microcontroller, implementing
cloud computing principles [5].

For patients requiring continuous monitoring in hospital settings, IoT-driven sys-
tems offer a solution. Employing sensors to collect comprehensive physiological data,
this setup utilizes gateways and cloud infrastructure for data analysis and storage. The
processed information is then remotely transmitted for further scrutiny [6].

RFID technology’s integration into the healthcare sector is propelled by its enhanced
functionality, affordability, reliability, and user-friendly features. The primary objective
of this study, as delineated in this paper, is the development of an RFID-based system
architecture and data model. This design aims to provide efficient methods for essen-
tial information management, particularly in emergency care scenarios, transcending
hospital boundaries and national borders [7].

3 Design and Architecture

In times of emergencies, the utilization of pervasive computing technologies, including
wireless communication, sensors, and automated data capture, becomes pivotal for facil-
itating information exchange. The system comprises three main components: a sensor
module dedicated to collecting and analyzing data from the human body, a controller
module for processing the gathered data, and a cloud-based storage system. The col-
lected data is transmitted to the cloud through Wi-Fi, serving medical support purposes
(Figs. 1 and 2).
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Fig. 1. Architecture Diagram.

Fig. 2. Display Unit

3.1 Temperature Sensor

The MAX30205 Human Body Temperature Sensor from Maxim Integrated provides
accurate temperature measurements and includes an output for over-temperature alarm,
interrupt, and shutdown. It utilizes a high-resolution sigma-delta analog-to-digital con-
verter (ADC) to convert temperature readings into a digital format. Thanks to its high
accuracy and low-voltage operation, this sensor aids designers in fulfilling requirements
related to errors and power consumption. Notably, the sensor’s precision of 0.1°C ren-
ders an ADC unnecessary for interpreting data, as it reliably delivers accurate human
body temperature readings (Figs. 3 and 4).
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Fig. 3. Temperature Sensor

Fig. 4. Heartbeat Sensor

3.2 Heartbeat Sensor

The heartbeat sensor is employed to measure the digital output of heart beats per minute.
It includes two LEDs emitting red and infrared light. Red light is used to gauge the pulse
rate, while infrared light is essential as the heart contracts and relaxes, determining the
heartbeat rate by the increase or decrease in oxygenated blood.

3.3 Radio Frequency Identification (RFID)

Radio Frequency Identification (RFID) is a wireless technology that utilizes radio waves
for data communication. It has garnered significant interest in the market owing to its
versatile applications, providing numerous advantages to the healthcare sector. Notably,
RFID enhances safety and operational efficiency, offering key benefits such as the ability
to function without line-of-sight and providing read/write capabilities.



94 K. M. Deepika et al.

4 Implementation

The information accessed is securely stored in the cloud through personal computers.
When the patient swipes their RFID card during a doctor’s visit, the complete medical
history is systematically presented to the doctor. This not only eliminates confusion
but also optimizes the doctor’s time, sparing them from verbally seeking the patient’s
history.

Every diagnosis, scan, and procedure conducted is meticulously recorded, enabling
the doctor to prescribemedications based on the patient’s comprehensivemedical history.
There is no longer a need for individuals to memorize medication names or maintain
hard copies of prescriptions provided by doctors, as all data is securely stored in the
cloud and can be accessed globally at any given time.

The key features of this system include:

• Cloud-based maintenance and storage of patients’ health records.
• Provision of patients’ past health details to doctors and hospitals for streamlined

diagnosis.
• Monitoring of health parameters, such as body temperature and heartbeat, utilizing

sensors.

In case the patient’s body temperature rises to 40 degrees, the temperature sensor
triggers alert, notifying designated physicians. Similarly, the heartbeat sensors activate
an alert when the patient’s pulse exceeds 140, sending individualized alarm messages.

4.1 Hardware Implementation

Fig. 5. LED Display

Once the RFID card is being swiped then it fetches all the data and displays on it
(Figs. 5 and 6).
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Fig. 6. Connections

Fig. 7. Temperature and heartbeat sensors

In this setup, temperature and heartbeat sensors are integrated into the patient’s bed. If
a person’s temperature surpasses 40 degrees, the buzzer alerts, and similarly, it activates
when the heartbeat reaches 140 (Fig. 7).

5 Results

Upon swiping the RFID card, it retrieves all the information from the cloud and displays
it. When the RFID card is swiped, patient data such as patient ID, name, age, disease,
and RFID number will be fetched (Figs. 8, 9, 10, 11, 12 and 13).
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Fig. 8. Patient 1

Fig. 9. Patient 2

Fig. 10. Patient 3
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Fig. 11. Patient 4

Fig. 12. This is displaying temperature and heartbeat rate
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Fig. 13. This includes Temperature sensor, heartbeat sensor, Lcd display, buzzer, Wi-Fi

6 Conclusion

The objective of this initiative is to establish a system enabling government organiza-
tions and authorized private entities to access patient healthcare data. This initiative acts
as a deterrent against corruption in diverse healthcare sectors. Although the implemen-
tation of this project demands substantial effort, its advantages are extensive and have
enduring impacts on national healthcare systems. Electronic medical records, digital
medical imaging, pharmacy records, and doctors’ notes are seamlessly integrated and
accessible in real-time. Doctors can analyze the well-organized cloud data, leading to
improved treatment decisions, timely insurance programs, and the potential for person-
alized healthcare. To enhance security, there is a possibility of linking Aadhar card or
passport information. Currently, our application is constrained to a specific number of
patients, but there is a pressing need to expand its scope to encompass thousands of
hospitals and hundreds of thousands of patients.
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Abstract. The Semantic Web of Things (SWoT) paradigm boosts IoT system
interoperability and intelligence. In this survey, we analyze SWoT, including
important ideas, Semantic Web technologies in IoT, ontologies, alignment prob-
lems, benefits of integrating Semantic Web technologies, applications, use cases,
and obstacles. The study shows how SWoT has been effectively deployed through
use cases, bringing researchers and practitioners useful lessons and experiences.
The study also covers SWoT difficulties including scalability, security, privacy,
knowledge representation, and semantic reasoning, emphasizing the need for
future research and development. Finally, SWoT difficulties include scalabil-
ity, security, privacy, knowledge representation, and semantic reasoning. The
report highlights the need for more research and development to overcome these
difficulties.

Keywords: Semantic web of things · Semantic web · IoT · Ontology

1 Introduction

The SemanticWeb of Things aims to address the cross-domain interoperability problems
in various application scenarios, such as Industry 4.0. It provides an explicit, easy, and
comprehensible description to express semantic objects and their data, which can be
used to enable intelligent and autonomous interactions between devices, services, and
users [1].Anemerging concept in thefield of information and communication technology
(ICT), the SemanticWeb of Things (SWoT) brings together many of the most significant
technologies from both the Web of Things (WoT) and the Semantic Web [1, 2]. The
Semantic Web is an extension of the World Wide Web that gives a formal definition of
concepts, terminology, and connections within a particular knowledge area. It makes it
possible to gather linked data, structure that data, and retrieve it by using technologies
that are specified as W3C standards. These technologies include Resource Description
Framework (RDF), RDF Schema (RDFS), and JavaScript Object Notation for Linked
Data (JSON-LD) [2].
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The goal of the Semantic Web of Things is to solve the cross-domain interoperabil-
ity issues that arise in a wide variety of application scenarios, including Industry 4.0. It
offers a description that is plain, simple, and easy to comprehend in order to represent
semantic objects and their data. This description may be utilized to allow intelligent
and autonomous interactions between devices, services, and users [1]. To support the
Semantic Web of Things, various tools and search engines have been proposed, such
as the WOT Semantic Search Engine (WOTS2E) [3] and Thing Ontologies [4]. These
tools and ontologies can help discover Linked Data and provide a JSON template repre-
sentation of Thing properties, respectively. The Semantic Web of Things is an emerging
vision that combines the technologies of the Web of Things and the Semantic Web to
enable intelligent and autonomous interactions between devices, services, and users. It
provides an explicit, easy, and comprehensible description to express semantic objects
and their data, and various tools and ontologies have been proposed to support it. The
Semantic Web of Things (SWoT) is an extension of the Internet of Things (IoT) that
enhances communication by behaving intelligently [5]. It comprises a seven-layered
architecture, with the perception layer being an important layer for collecting data from
devices and commedicating with its associated layer [5]. Figure 1 shows the components
of Building the semantic web of things. Here are some of the key concepts related to
SWoT:

• Ontology construction: Ontology construction is the core of SWoT, and it involves
creating a formal representation of the knowledge in a particular domain [6].

• Semantic annotation: Semantic annotation is the process of adding metadata to data
that describes its meaning and context [6].

• Thing Description (TD): TD is a JSON template representation of Thing properties,
such as purpose, data types, and operations [4].

• OpenAPI: OpenAPI is a specification for documenting RESTful services so that a
user or another service can comprehend their purpose and reuse them in applications
[4].

• Ontologymapping: Thing descriptions can be semantically extended using ontologies
or can be mapped to an ontology to allow a machine to better understand the inherent
meaning of Thing descriptions and interact with them [4].

• Discovery: One of the challenges in SWoT revolves around the discovery procedures
to find IoT devices within IoT infrastructures and whether the discovery performed
is semantic or syntactic. Semantic discovery uses Semantic Web query languages
(e.g., SPARQL) and reasoners (e.g., Pellet) to discover Things and check them for
consistency or infer new properties [4, 7].

• CompressiveSensing:CompressiveSensing is amethod for recovering andestimating
sensory data from a low-rank structure to address data loss at the perception layer
[5].

• AI techniques: AI techniques combined with recent advancements in IoT, Web of
Things, and Semantic Web, referred to as the Semantic Web, promise to play an
important role in Industry 4.0[5]. The Semantic Web of Things for Industry 4.0
(SWeTI) platform uses these technologies to address Industry 4.0’s challenges, facil-
itate cross-sector and cross-domain integration of systems, and develop intelligent
and smart services for smart manufacturing [8].



102 G. Jaglan et al.

Fig. 1. Building the semantic web of things

2 Semantic Web Technologies Used in IoT Systems

Semantic Web technologies can be used in IoT systems to provide an explicit, easy, and
comprehensible description to express semantic objects and their data. Figure 2 shows
the conceptual Venn diagram of the evolution towards the Semantic Web of Things and
global interoperability. Here are some specific Semantic Web technologies used in IoT
systems.:

1) Resource Description Framework (RDF): RDF is a standard model for data inter-
change on the Web. It is used to represent information about resources in a graph-
based format, where nodes represent resources and edges represent relationships
between resources [1].

2) RDF Schema (RDFS): RDFS is a vocabulary for describing RDF resources. It pro-
vides a set of classes and properties that can be used to define the structure of RDF
data [1].

3) JavaScript Object Notation for Linked Data (JSON-LD): JSON-LD is a JSON-based
format to serializeLinkedData. It is designed to easily integrate into deployed systems
that already use JSON and provides a smooth upgrade path from JSON to JSON-LD.
It is primarily intended to be a way to use Linked Data in Web-based programming
environments, to build interoperableWeb services, and to store LinkedData in JSON-
based storage engines [2].

4) Ontologies: Ontologies are formal descriptions of concepts and relationships within
a given knowledge domain. They provide a common vocabulary for describing the
structure of data and can be used to enable interoperability between different systems
and applications [3].

Semantic Web technologies such as RDF, RDFS, JSON-LD, and ontologies can be
used in IoT systems to provide a common framework for describing and sharing data.
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These technologies enable interoperability between different systems and applications,
making it easier to integrate data from various sources and formats.

Fig. 2. The evolution towards Semantic Web of Things and global interoperability

3 Ontologies in SWoT

The Semantic Web of Things (SWoT) relies on ontologies to describe data structures
and enable interoperability. SWoT ontologies compared. Table 1 shows significant fea-
tures and priority areas for each ontology. The comparison shows how each ontology
covers sensor data, smart appliances, IoT devices, and Web-based data description.
These ontologies support interoperability and the SemanticWeb of Things environment,
notwithstanding their discrepancies.

3.1 Challenges in Aligning Ontologies in SWoT

Aligning ontologies is a crucial step in achieving semantic interoperability in the Seman-
tic Web of Things (SWoT). However, there are several challenges that need to be
addressed in order to align ontologies effectively. Here are some common challenges in
aligning ontologies in SWoT:
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• Heterogeneity: IoT systems generate data in various formats and structures, making
it difficult to align ontologies that describe the same concepts [9].

• Scalability: As the number of IoT devices and applications grows, it becomes
increasingly challenging to align ontologies at scale [10].

• Complexity: Ontologies can be complex and difficult to understand, especially for
non-experts. This can make it challenging to align ontologies effectively [11].

• Evolution: Ontologies are not static and can evolve over time, making it challenging
to maintain alignment between ontologies [9].

• Lack of standards: There is a lack of standardization in the development and use
of ontologies, which can make it challenging to align ontologies across different
domains [5].

• Semantic heterogeneity: Evenwhen ontologies are aligned, there can still be semantic
heterogeneity due to differences in the interpretation of concepts and relationships
[6].

Addressing these challenges requires a combination of technical solutions and com-
munity efforts to establish best practices and standards for ontology development and
alignment.

Table 1. Ontologies in SWoT.

Sr. No. Ontology Description Key Features

1 SSN (Semantic Sensor
Network) ontology

Describes sensors and
sensor networks, including
properties, capabilities,
and observations

• Focuses on sensor data
• Enables description of
sensor properties and
observations

• Widely used in IoT
applications

2 SAREF (Smart Appliances
REFerence) ontology

Provides a common
vocabulary for describing
smart appliances,
facilitating interoperability
between different
appliances and systems

• Specializes in smart
appliance description

• Enables interoperability
between different
appliances

3 WoT (Web of Things)
ontology

Describes IoT devices and
services, including
properties, capabilities,and
interactions,
enablingsemantic
interoperability among
IoT systems

• Focuses on IoT device
and service description

• Facilitates semantic
interoperability among
IoT systems

(continued)
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Table 1. (continued)

Sr. No. Ontology Description Key Features

4 SSN-XG (Semantic Sensor
Network Incubator Group)
ontology

Extends the SSN ontology
to include additional
concepts and relationships
like time, space, and
events, enabling advanced
reasoning of sensor data

• Builds upon SSN
ontology

• Includes concepts of
time, space, and events

5 W3C ontologies Developed by the W3C as
part of the Semantic Web
technology stack,
includingRDF, RDFS, and
OWL, providing a
common framework for
data on the Web

• General-purpose
ontologiesfor
describingand sharing
data on the Web of
Linked data

• RDF provides a data
model for describing
resources

• RDFS extends RDF with
basic vocabulary for
ontologies

• OWL is a more
expressive language for
ontologies, enabling
advanced reasoning and
inference capabilities

4 Advantages of Integrating Semantic Web Technologies in IOT
Systems

Semantic Web technologies can provide several benefits to IoT systems, including
improved data integration and understanding, interoperability among resources and data
providers, real-time decision-making and predictive maintenance, resource discovery
and classification, and seamless connection between physical devices and information
systems. Here are some specific benefits of using Semantic Web technologies in IoT
systems:

1) Better integration and knowledge of data: Semantic Web technologies can give raw
IoT data meaning and turn it into a data file with more information. This can help
solve the problem of IoT systems not having interoperability, which is caused by how
hard it is to share and reuse raw IoT data. [12]. By providing a common vocabulary
for describing the structure of data, ontologies can enable interoperability between
different systems and applications [13].

2) Interoperability among resources and data providers: Semantic Web frameworks can
allow semantic interoperability between IoT systems. This means that data can be
shared and used across services, business, and community boundaries [3]. Semantic
technologies can be used to bring together the description and data of IoT devices
and make it easier to connect with them, and explore their data [13].
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3) Real-time decisions and predictive maintenance: Semantic Web tools can make it
possible for IoT systems to make real-time decisions and perform predictive main-
tenance. By combining data from sensors, machines, and business systems, these
frameworks can make discovery, automation, integration, and reuse across different
apps more effective. [1].

4) Resource discovery and classification: Semantic Web technologies can be used in
resource discovery and classification to provide better, domain-specific search engine
capabilities [13]. By giving a formal description of concepts, terms, and relationships
within a given area of knowledge, the SemanticWebmakes it possible to collect, orga-
nize, andfind linkeddata usingW3C-standard technologies likeResourceDescription
Framework (RDF), RDF Schema (RDFS), and JavaScript Object Notation for Linked
Data (JSON-LD) [12].

5) Semantic Web technologies can provide a standard framework for defining and
exchanging data, which enables a seamless link between physical devices and infor-
mation systems. This is made possible by the fact that a seamless connection between
physical devices and information systems can be established. This can be helpful in
addressing the issue of lack of interoperability in IoT systems, which is created by
the difficulty of sharing and reusing raw IoT data. This difficulty is driven by the fact
that IoT data is typically stored in proprietary formats [12].

5 Applications and Use Cases of the Semantic Web of Things

A) Applications of the Semantic Web of Things
The Semantic Web of Things (SWoT) is an emerging vision that combines the technolo-
gies of the Web of Things and the Semantic Web to enable intelligent and autonomous
interactions between devices, services, and users [14]. Here are some applications of the
Semantic Web of Things:

1) Industry 4.0: SWoT applications focus on providing wide-scale interoperability
that allows the sharing of IoT devices across domains [2]. It aims to address the
cross-domain interoperability problems in various application scenarios, such as
Industry 4.0 [15]. It provides an explicit, easy, and comprehensible description to
express semantic objects and their data, which can be used to enable intelligent and
autonomous interactions between devices, services, and users [2].

2) Smart Manufacturing: The Semantic Web of Things for Industry 4.0 (SWeTI) plat-
form has been proposed to enable smart manufacturing [8]. Through realistic use case
scenarios, the platform demonstrates how the Semantic Web of Things can be used
to integrate data from various sources, including sensors, machines, and enterprise
systems, to enable real-time decision-making and predictive maintenance.

3) Resource discovery and classification: Semantic Web technologies can be used in
resource discovery and classification to provide better, domain-specific search engine
capabilities [15]. By providing a formal description of concepts, terms, and relation-
ships within a given knowledge domain, the Semantic Web enables the collection,
structuring, and recovery of linked data through technologies that are specified as
W3C standards, such as Resource Description Framework (RDF), RDF Schema
(RDFS), and JavaScript Object Notation for Linked Data (JSON-LD) [2].
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4) Data integration: SemanticWeb technologies can be used in data integration,whereby
data in various locations and various formats can be integrated in one, seamless
application [15]. By providing a common framework that allows data to be shared and
reused across application, enterprise, and community boundaries, the Semantic Web
enables more effective discovery, automation, integration, and reuse across various
applications [16].

The semantic Web of Things has various applications, including Industry 4.0, smart
manufacturing, resource discovery and classification, and data integration. It provides an
explicit, easy, and comprehensible description to express semantic objects and their data,
which can be used to enable intelligent and autonomous interactions between devices,
services, and users.

B) Use cases of SWoT
In Table 2, each use case is described, highlighting the specific application area and
the benefits of incorporating Semantic Web of Things (SWoT) technologies. These use
cases showcase the potential of SWoT in various domains, including smart cities, health-
care, agriculture, fleetmonitoring, energymanagement,manufacturing, and supply chain
management.

Table 2. Use Cases of SWoT

Use Case Description Benefits

Smart Cities Integration of SWoT in urban
planning, traffic management, and
environmental monitoring to
provide meaningful insights

• Improved urban planning
• Enhanced traffic management
• Better environmental
monitoring

Healthcare Utilizing SWoT to enhance patient
care through integration of data
from medical devices and health
records for personalized services

• Personalized healthcare
• Improved patient care
• Integrated health data
management

Agriculture Application of SWoT to optimize
farming practices by integrating
data from sensors, weather stations,
and other sources

• Optimized farming practices
• Improved crop health
management

• Efficient irrigation
management

Fleet Monitoring Utilizing SWoT technologies for
dynamic dash- boarding
applications to monitor vehicle
fleets

• Real-time fleet monitoring
• Enhanced visualization and
analytics of fleet data

• Web-based access to fleet
information

(continued)
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Table 2. (continued)

Use Case Description Benefits

Energy Management Integration of SWoT
in smart homes and buildings to
optimize energy consumption and
enable intelligent control systems

• Energy efficiency in
• homes and buildings
• Intelligent control of heating,
cooling, and lighting systems

Manufacturing Application of SWoT to
improve production processes by
integrating data from sensors,
machines, and supply chain systems

• Real-time insights for
optimizing operations

• Enhanced production
efficiency

• Improved supply chain
management

Supply
Chain Management

Utilizing SWoT for
enhanced visibility and traceability
in supply chains by integrating data
from various sources

• Improved supply chain
visibility

• Real-time information on
goods location and status

• Enhanced traceability and
logistics management

6 Challenges in Semantic Web of Things (SWoT)

The SemanticWeb of Things” (SWoT) is a current investigation field intending to merge
Semantic Web-based technologies with the Internet of Things (IoT) [17]. Even if tech-
nologies based on the Semantic Web have the potential to offer a number of benefits to
IoT systems, there are also a number of obstacles that need to be solved. The following
are some of the difficulties associated with SWoT:

1) Standardization: One of the major challenges in SWoT is standardization. There is
a need for standardization of data models, ontologies, and protocols to enable inter-
operability among different IoT devices and systems [1]. Without standardization, it
can be difficult to ensure that different devices and systems can communicate with
each other effectively.

2) Interoperability: Interoperability allows IoT devices and systems to share data.
Semantic Web tools can help solve this problem by characterizing and sharing data.
IoT devices and systems are diverse, making interoperability difficult [18].

3) Discovery: Discovery means being able to find IoT products and services and use
them. Semantic Web technologies can help solve this problem by giving people a
standard language to use when talking about IoT devices and services. Because there
are so many IoT products and services available, discovery can still be difficult [19].

4) Security: When doing SWoT, security is a primary consideration. Internet of Things
devices are frequently susceptible to cyber assaults, and technologies related to the
semantic web can create new security problems. For example, the usage of ontologies
canmake it simpler formalicious actors to take advantage of vulnerabilities in Internet
of Things (IoT) systems [17, 19]. Therefore, it is important to ensure that Semantic
Web technologies are used in a secure manner.
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5) Scalability: Another problem that must be overcome with SWoT is scalability. It may
become challenging to ensure that Semantic Web technologies can scale to fulfil
the requirements of large-scale Internet of Things installations as the number of IoT
devices and systems continues to increase. [20].

SWoT faces challenges in standardization, interoperability, discovery, security, and
scalability. Using safe and scalable Semantic Web technologies and defining standards
for datamodels, ontologies, and protocols to allow IoTdevice and system interoperability
can solve these problems.

7 Conclusion

This study covers SWoT ideas, Semantic Web technologies utilized in IoT systems,
ontologies, problems, benefits, applications, use cases, and future directions. This sur-
vey helps researchers and practitioners understand the Semantic Web of Things and its
potential to advance IoT systems. SWoT uses RDF, RDFS, and OWL to standardize and
communicate data in IoT systems. Ontologies give SWoT a standard language to define
IoT devices, services, and data. SSN, SAREF, WoT, SSN-XG, and W3C ontologies are
evaluated for characteristics and application. The diversity of IoT systems makes match-
ing ontologies in SWoT difficult. It examines solutions and continuing research to solve
these problems, enabling seamless semantic integration and querying across domains.
Furthermore, the paper discusses real-world use cases of SWoT, offering concrete exam-
ples and insights into how SWoT has been applied in practical scenarios, providing valu-
able lessons and experiences for researchers and practitioners. The advantages of inte-
grating Semantic Web technologies in IoT systems are highlighted, including improved
interoperability, intelligent data processing, enhanced data integration and discovery,
and semantic-driven decision-making. Real-world applications across various domains
demonstrate the potential of SWoT in transforming smart cities, healthcare, agriculture,
fleet monitoring, energy management, manufacturing, and supply chain management.

References

1. Zhang, J.: Literature review. In: Tono-types and Tone Evolution. FCL, vol. 11, pp. 15–34.
Springer, Singapore (2020). https://doi.org/10.1007/978-981-33-4870-7_2

2. Thuluva, A.S., Anicic, D., Rudolph, S.: Semantic web of things for industry 4.0. in RuleML+
RR (Supplement) (2017)

3. Kamilaris, A., Yumusak, S., Ali, M.I.: Wots2e: a search engine for a semantic web of things.
In: 2016 IEEE 3rd World Forum on Internet of Things (WF-IoT), pp. 436–441. IEEE (2016)

4. Tzavaras, A., Mainas, N., Petrakis, E.G.: Thing ontologies for the semantic web of things.
In: 2022 13th International Conference on Information, Intelligence, Systems &Applications
(IISA), pp. 1–8. IEEE (2022)

5. Afzaal, R., Shoaib, M.: Data recoverability and estimation for perception layer in semantic
web of things. PLoS ONE 16(2), e0245847 (2021)

6. Xu, H., Sun, H.: Application of rough concept lattice model in construction of ontology and
semantic annotation in semantic web of things. Sci. Program. 2022 (2022)

7. Cimmino, A., Garc´ıa-Castro, R.: Wothive: enabling syntactic and semantic discovery in the
web of things. Open J. Internet Things 8(1), 54–65 (2022)

https://doi.org/10.1007/978-981-33-4870-7_2


110 G. Jaglan et al.

8. Patel, P., Ali, M.I., Sheth, A.: From raw data to smart manufacturing: Ai and semantic web
of things for industry 4.0. IEEE Intell. Syst. 33(4), 79–86 (2018)

9. Amara, F.Z., Hemam, M., Djezzar, M., Maimor, M.: Semantic web and internet of things:
challenges, applications and perspectives. J. ICT Standard. 261–292 (2022)

10. Szilagyi, I., Wira, P.: Ontologies and semantic web for the internet of things-a survey. In:
IECON 2016–42nd Annual Conference of the IEEE Industrial Electronics Society, pp. 6949–
6954. IEEE (2016)

11. Bhatia, M., Kumar, A., Beniwal, R.: Swot analysis of ontology driven software engineering.
Indian J. Sci. Technol. 9, 38 (2016)

12. Chatzimichail, A., et al.: Semantic web and iot, Semantic IoT: Theory and Applications:
Interoperability, Provenance and Beyond, pp. 3–33 (2021)

13. Kalatzis, N., et al.: Semantic interoperability for iot platforms in support of decision making:
an experiment on early wildfire detection. Sensors 19(3), 528 (2019)

14. Visual Paradigm. Swot analysis case studies. https://online.visual-
paradigm.com/knowledge/swot-analysis/swot-analysis-case-studies/. Accessed
2023

15. WorldWideWebConsortium(W3C).RDFFAQ. https://www.w3.org/RDF/FAQ. Accessed
2023

16. SemanticWebInterestGroup. https://www.w3.org/2002/07/swint. Accessed 2023
17. Mishra, S., Jain, S., Rai, C., Gandhi, N.: Security challenges in semantic web of things. In:

Innovations inBio-InspiredComputing andApplications: Proceedings of the 9th International
Conference on Innovations in Bio-Inspired Computing and Applications (IBICA 2018) held
in Kochi, India during December 17–19, 2018 9, pp. 162–169. Springer (2019). 0.1007/978-
3-030-16681-6_16

18. Silva,A.L.M., Pe´rez-Alca´zar, J.D.J., Kofuji, S.T.: Interoperability in semanticweb of things:
design issues and solutions. Int. J. Commun. Syst. 32(6), e3911 (2019)

19. Ullah, I.: The role of semantic web technologies for IoT data in underpinning environmental
science. Lancaster University (United Kingdom) (2018)

20. Hassan, B.A.: Towards semantic web: challenges and needs, arXiv preprint arXiv:2105.02708
(2021)

https://online.visual
https://www.w3.org/RDF/FAQ
https://www.w3.org/2002/07/swint
http://arxiv.org/abs/2105.02708


Developing an Autonomous Fruit Picking
and Sorting Robot for Vertical Farming

S. Santhosh, Pavitra kumari, J. Bindu Madhavi(B), and B. Mohan Kumar Naik(B)

Department of Mechatronics Engineering, Mangalore Institute of Technology and Engineering,
(Visvesvaraya Technological University, Belagavi), Moodbidri, Karnataka 574225, India

bindu@mite.ac.in, mohan72003@gmail.com

Abstract. The agriculture sector grapples with several challenges, such as the
diminishing workforce on farms and the escalating expenses associated with man-
ual fruit harvesting. Despite ongoing progress in automating agriculture for effi-
ciency and large-scale production, manual labor remains prevalent in fruit harvest-
ing. Addressing these issues necessitates a focus on labor-saving measures and
the expansion of agricultural operations. To tackle these challenges, the develop-
ment of an automated fruit harvesting and segregation robot emerges as a prac-
tical solution. This involves creating a robotic system that combines a low-cost
vision camera and a robotic arm. The stereo-vision camera serves to identify the
color, distance, and position of the fruit, while the robotic arm is employed for
mechanically plucking and segregating the fruits based on ripeness.

Keywords: Fruit harvesting · segregation · open cv · r-cnn · yolo v3 · raspberry
Pi

1 Introduction

In recent years, the agricultural sector has witnessed significant strides in automation,
aimed at enhancing efficiency and facilitating large-scale farming. However, the realm of
fruit harvesting largely remains reliant on manual labor. Addressing this challenge, the
development of an automated fruit-harvesting robot emerges as a practical solution. This
innovative approach involves two primary tasks: utilizing computer vision and sensors
for the detection and localization of fruits on trees, followed by robotic arm motion to
position the robot for precise harvesting without causing damage to the target fruit or
the tree [2]. On the other side, it is also included with autonomous segregation, there
are not a lot of implemented systems that contain both the harvesting and segregation
unit, but this proposed system provides an additional feature, where the robot itself
segregates the plucked fruits based on three major factors like size, color, and quantity.
Fruit segregation plays an important role because there are some fruits where one rotted
fruit can damage or rot other ripened fruits. So, to overcome all these challenges and to
fully replace the manual plucking and harvesting system, this system is introduced in
vertical farming. Vertical farming offers a potential solution to environmental challenges
by enhancing food productionwith reduced resource consumption. Byminimizingwater
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requirements through efficient water recycling, vertical farming addresses sustainability
concerns. Furthermore, it ensures a consistent supply of products to demand centers,
reducing the need for extensive storage and refrigeration. These factors underscore the
compelling reasons driving the adoption of vertical farming practices.

2 Literature Review

The majority of the examined papers employ the Open-Source Computer Vision Library
(OpenCV), a widely utilized library in robotics for the identification, tracking, and com-
prehension of the surrounding environment as captured by image sensors or cameras.
Various image processing algorithms are introduced for object detection, including the
Region-Based Convolutional Network (R-CNN), Single Shot Detector (SSD), Random
Sample Consensus (RANSAC), Iterative Relief (I-RELIEF), K-means clustering, and
the YOLO algorithm.

Kuang-Wen et al. [1] introduces the R-CNN algorithm for object detection. On the
VOC 2010 dataset, the R-CNN achieves a mean average precision (mAP) of 53.7%.
Notably, it demonstrates a substantial enhancement over the previous high of 24.3%
by achieving a mAP of 31.4% on the 200-class ILSVRC 2013 object detection dataset.
Despite this success, it’s worth noting that this architecture poses challenges in learning,
and the generation of test results on a single image from the VOC 2007 dataset takes 49
seconds.

Advaith and Jeet [2] have incorporated the OpenCV Deep Neural Network (DNN)
concept to facilitate robot navigation and fruit picking. Following the completion of the
setup, the robot effectively navigates to the fruit’s location and successfully plucks it.

S. Ren et al. [4] devised an improved Faster R-CNN object detection system that
eliminates the need for the selective search technique. In their proposal, Shaoqing Ren
and his colleagues introduced an additional area proposal network within the Faster
R-CNN framework. This network computes convolutional features directly from the
convolutional network to identify objects, eliminating the need for a separate search
process within the image.

The Single Shot MultiBox Detector (SSD) demonstrates significantly improved
speed compared to two-shot RPN-based techniques. SSD enhances object recognition
across various sizes by employing multiple grid sizes, a distinction highlighted in the
SSD paper. In contrast, the YOLO algorithm achieves object detection in an image at
an impressive rate of 45 frames per second, surpassing other detection methods such as
R-CNN and SSD [5].

Furthermore, YOLO v3 represents an advancement over its predecessors in terms of
speed. Running at 22 ms with a mean average precision of 28.2, YOLO v3 is three times
faster than SSD. Notably, YOLO v3 excels in detecting small objects within an image.
The methodology involves a set of algorithms known as YOLO- based convolutional
neural networks to efficiently locate and identify objects [6].

Based on the conducted literature survey, diverse and unique implementations of
robot designs for fruit plucking and segregation were identified. The customization of
the robot design is a key aspect, tailored to the specific dimensions of the tomato tree
and the tomatoes themselves.
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In the implemented system, the workflow commences with the capture of video
footage from a camera, which is subsequently transmitted to a Raspberry Pi. The Rasp-
berry Pi undertakes the conversion of real-time video input into frames. To perform
image processing tasks, the system utilizes the OpenCV library, enabling a spectrum of
image processing operations in the Python programming language.

The image undergoes a pre-processing stage to remove noise and extract the region
of interest, followed by the application of the YOLO algorithm to detect the shape of
the tomatoes. Additionally, a color filter is applied to discern the color of the tomatoes
in the image. Once the color and shape of the tomatoes are detected, the Raspberry Pi
transmits this information to an Arduino as output.

The Raspberry Pi, in turn, issues commands to a robot mechanism, directing it to cut
and place yellow and red tomatoes into different partitions. If the tomato is identified as
green, the system proceeds forward without executing the cutting action. This integrated
approach ensures efficient fruit plucking and segregation based on color and shape
characteristics.

3 Proposed System

The primary objective of the system revolves around the efficient harvesting and sorting
of ripened and deteriorated fruits while ensuring the overall quality of the produce.
Employing the Raspberry Pi 4 Model B, a robust micro-computer, serves a dual purpose
in processing real-time video and connecting to a stereo camera for live video capture.
Additionally, the Raspberry Pi manages the control of servo motors responsible for the
robot arm and cutter, as well as DC motors for the locomotion of the robot. The robotic
assembly featured in this system is wholly constructed through the utilization of 3D
printing technology.

Fig. 1. Work flow of proposed system

In the envisioned system, a tomato fruit serves as the experimental focal point.
The system comprises key components such as Raspberry Pi, motors, drivers, and a
camera module, as illustrated in Fig. 1. The camera continuously captures video, and the
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Raspberry Pi processes the real-time input video, converting it into frames. Subsequently,
the system performs object detection on the images to identify the tomato’s shape.
Figure 2 depicts the additional step of applying a color filter to the tomato image,
facilitating the detection of its specific color.

Fig. 2. Red Tomoto detection (Color figure online)

The captured video from the camera undergoes image processing using the OpenCV
library, facilitating various image operations in Python. The pre- processing steps involve
de-noising the image, extracting a region of interest, and identifying relevant features.
The crucial task of classifying the tomato’s color into green, yellow, or red is then per-
formed. Subsequently, the Raspberry Pi processes this information and generates output
detailing both the color and shape of the detected tomato. This output is then commu-
nicated as valuable information about the tomato to external systems or applications.
Raspberry Pi sends these output signals to themotor driver circuit, when the driver circuit
allows it to continue operation, The Raspberry Pi orchestrates motor commands based
on tomato characteristics as follows when a red tomato is detected, the robot motor is
instructed to approach the tomato, the servo motor to execute the cutting action, and the
dropper motor to deposit the tomato in box2. Similarly, for yellow tomatoes, the robot
motor advances towards the tomato, the servo motor performs the cutting task, and the
dropper motor places the tomato in box1. In the case of green tomatoes, the command
directs the robot motor to move forward.

4 Hardware Implementation

Interfacing Components with Raspberry Pi
In the proposed system, the functionality of the robotic arm is the major, so this arm is
mainly made connected through five servo motors. PCA9685 16-channel servo driver
for controlling multiple servos. The Servo Driver board communicates with the Pi4
through the I2C protocol, utilizing the set of pins positioned at either end of the board,
connecting to the I2C pins on the Pi4. Operating at 3.3 V, the Servo Driver board requires
a separate power supply for the servos, which operate at 5 V. This power supply must
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be robust enough to provide sufficient current for the connected servos. Each board has
the capacity to support up to 16 servos. In this project, three servos were used, each with
a maximum current of 140 mA (140 mA × 3 = 420 mA), necessitating a 1 A power
supply (Fig. 3)

Fig. 3. Interfacing Servos through PCA9685 with Raspberry Pi.

Interfacing DC Motors Through L298N with Raspberry Pi
The L298 is recognized as a dual bidirectional motor driver, relying on a dual H-Bridge
Motor driver IC. This circuit facilitates the independent control of two DC motors in
either direction. Widely employed in prototypes and hobbyist projects, the L298 is
favored for its simplicity in use and seamless integration with both Raspberry Pi and
Arduino platforms. Beyond its streamlined design, the L298 includes an onboard 5 V
regulator, offering a convenient power source for 5 V circuits (Fig. 4).

Fig. 4. Interfacing DC Motors through L298N with Raspberry Pi
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Interfacing Camera with Raspberry Pi
Real-Time video capturing for object detection is achieved by interfacing the webcam
with the USB port of Raspberry Pi. Once the webcam is interfaced with Raspberry Pi
then in the configuration, it needs to enable the webcam access. In our proposed system,
a Logitech 720 p web camera is used to obtain real-time object detection. This color of
the tomato can be detected with the help of the OpenCV algorithm 0(Fig. 5).

Fig. 5. Interfacing Camera with Raspberry Pi

5 Software Implementation

Process algorithm and flow chart of the system (Fig. 6)

Fig. 6. Process flow of the system
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To initiate webcam access on the Raspberry Pi, navigate to the configuration settings
and enable the webcam functionality. Upon launching the main program, all servos will
assume their initial positions. The program then engages in real- time object detection
on tomatoes, analyzing their color and shape. As the webcam captures the object, it
undergoes comparison with pre-defined mask values representing red, green, and yellow
colors. When a red tomato is detected, the robot’s locomotion halts, the webcam is
disabled, the gripper servo plucks the tomato, and the base servo rotates its base from 0
to 90°, dropping it into basket 1. Subsequently, all servos return to their initial positions,
and the camera is re-enabled for further tomato detection. If the detected tomato is
yellow, a similar sequence occurs, with the base servo rotating from 0 to 180° and
dropping the tomato into basket 2. Once again, all servos return to their initial positions,
and the camera resumes detection. In the case of a green tomato, the robot’s locomotion
continues until either a red or yellow tomato is detected.

Initiating Video Capture from Camera Source
Python offers a multitude of libraries for image and video processing, with OpenCV
standing out as a versatile option. OpenCV is an extensive library that offers a range
of functions for image and video operations. Through OpenCV, it becomes possible to
capture video from a camera. By creating a video capture object, it becomes convenient
to capture webcam footage, allowing for subsequent operations and manipulations on
the video data.

How to Record a Video

• To obtain a video capture object for the camera, use cv2. Video Capture ().
• Using the object created above, set up an infinite while loop and read the frames using

the read () method.
• To view the video’s frames, use the cv2.imshow() function.
• Ends the cycle when a user hits a particular key.

6 Experimental Results

The Raspberry Pi is powered by a 5v adaptor which in turn powers up all the drivers,
servos, and motors. Then Raspberry Pi automatically connects to Putty through which
Raspberry Pi is accessed remotely, by entering the command python main.py (main.py
is the program name) in the vim terminal the robot will perform its action based on the
program, and the output of the detected objects which are appeared in the terminal is
shown below (Fig. 7).
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Fig. 7. Colour and distance of detected tomato is appeared in the terminal.

In the above figure when the robot detects the red and yellow tomato, the same thing
reflects in the terminal with the distance between the gripper and the object. Once the
robot drops the tomato in the basket, the robot again goes to its initial position. If a robot
detects a green tomato, it is left as it is in the plant (Figs. 8, 9 and 10).

Fig. 8. Red colour tomato plucked by robot

Fig. 9. Segregating red tomato
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Fig. 10. Plucking and Segregation of yellow tomato.

7 Conclusion

The implementation of autonomous fruit plucking and segregating robots presents a
significant advancement over manual harvesting and segregation methods in vertical
farming. This robotic system is capable of autonomously plucking red and yellow toma-
toes and subsequently segregating them based on their shape and col- or. The Raspberry
Pi serves as the main micro-processor, enabling real-time object detection.

The integration of both harvesting and segregating functionalities in this system
represents a substantial improvement compared to traditional technologies. The 3D-
printed robot arm is designed with precision to ensure that it performs plucking and
segregation without causing harm to plants or fruits. This effective design contributes
to the overall efficiency and non-intrusive operation of the robotic system in the vertical
farming environment.
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Abstract. Water is an essential resource for all humans and living beings. All over
the globe, people require pure water for drinking and cooking purpose. However,
in present scenario it is very difficult to get pure water from natural structures
such as river, lake or manmade wells due to the contaminated chemicals from
Industry. The drinking water will mostly contaminated due to human errors or
sometimes due to natural disasters such as flashfloods, tsunami etc. Considering
the facts, supplying a fresh drinking water for the households is a major concern
for the water supplying authorities in India. In this paper, an attempt is made to
monitor different parameters such as pH value, TDS, Turbidity and temperature
of water. Based on the obtained result, different methods are incorporated to clean
the water at source itself before supplying it to the consumers. These parameters
are measured using various sensors and an Arduino based system is designed for
processing the sensed data.

Keywords: Turbidity · Ground water · ph value etc.

1 Introduction

Water is an extremely sacred resource for the existence of mankind on earth. It carries
nutrients to all cells in our body&oxygen to our brain.About 71%of earth is coveredwith
water, but only 2.5% of it is drinking water. With increase in pollution, population and
climate change, it is expected that by 2025 we will experience eternal water shortages.
But in the 21st century, research has proved the fact that people are reaching a point
where water will be more expensive as compared to mineral oil. The main purpose of
this paper is to reduce wastage of the most valuable resource, termed as “WATER”.
This is one of the major aims of the Government of India, to supply safe drinking water
to every household till the year 2024. The water must not be wasted as till now near
about 14 crore households in India have water shortage. Hence the goal is not only to
access clean and potable water to households and to raise our Country’s ranking inWater
Quality Indexing but also safe drinkingwater availability. In a survey carried out recently,
increase in human population caused major issues for water pollution. All living beings
suffer from insufficient pure water supply for their day-to-day needs. Supply of pure
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water to the daily needs has become a serious issue in recent days. In places like metro
cities, some part of the city will get enough water whereas some other part may face
scarcity of pure drinking water due to water supply mismanagement. This is mainly due
to the failure in proper planning of water distribution. Hence by real time monitoring of
water supply pipes using AI/Ml technology one can resolve all these issues.

In various parts of the globe, people mainly depend on ground water for their domes-
tic, agriculture and industrial need rather than surface water resource. Groundwater is
one of the most important sources of fresh drinkable water which can satisfy the needs
of the humankind. In traditional approach, the quality of water is examined by sending
the water sample to the lab and manual process the quality measures are taken. Through
this the chemical, physical and biological agents present in water are tested. But the
process is time dependent and labor intensive.

The system is a model and instructions on nonstop and real time observing of water
resource using mobile platform. Water resource with nonstop monitoring helps in a
proper distribution so that one can have the data of obtainable amount of water in storage
tank, inflow rate, abnormality in the supply system.

Depletion of groundwater occurs primarily because of sustained groundwater pump-
ing. Some of the issues caused by this are: Lowering of theWater Table, Increased Costs,
Reduced Surface Water Supplies, Land Subsidence and Water Quality Concerns.

In this paper, the main focus is to monitor the quality of water in supply system
continuously with the aid of IoT technology. The continuous monitoring of water quality
helps in maintaining the proper record of the drinking water. In this paper we have
used things speak as free server in which data is continuously pushed on the cloud so
that one can see the information in real time operation. Using different sensors with a
microcontroller and Arduino as a computer in system can monitor information and also
control operation through wireless networks efficiently.

1.1 Background Work

Ahmed et al. (2020) used IoT systems for water quality monitoring in real-time and
machine learning methods like ANN and SVM to predict WQI, and detect abnormal
events, namely, purposeful pollution to allow real-time pollution detection and control
operation. Their proposed method also applied regression, correlation analysis, hier-
archical clustering, etc. to study multiple directions to include learning techniques to
support decision-making.

Sokratis Kartakis, Weiren Yu, Reza Akhavan, and Julie A. McCann entitled “Adap-
tive Edge Analytics for Distributed Networked Control of Water Systems” This paper
discusses the burst detection and localization approach that integrates low weight
compression and anomaly identification with graph topology analytics for water
distribution.
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Paez, J.LVilla (2018): here they have identified the Ecological observation in internal
waters as a prime complication for enough growth and administration of such territories.
A well designed Kalman filter was cast-off to estimate the positioning and location
by means of the analyses of an inertial part combined with a gaussmeter and Global
Positioning System.

Pranita Vijaykumar Kulkarni and M. S. Joshi have adopted Internet of Things (IoT)
technology in which the work focuses on a solution for ‘Water distribution and man-
agement’ in urban and rural areas with the help of IoT. This work concentrates on the
environmental issues like durability, affordability, prevention against leakage and main-
tenance problems. Hence the designed system prevents excess usage of water, water
wastage and promises an efficient water management system.

E.V.de Souza,M.ACostaDa Silva (2021): The idea behind this paper is to implement
and develop effective water loss strategies, the current paper aims at presentation of
methodology for the improvement of water resources for efficiency in the water supply
system.

Grunwald, A.; Schaarschmidt (2019): They have studied the effect of less usage of
mobile and computer technology in water supply system. The authors have proposed
too different use cases. In the first one, the temperature of a horse steady was closely
watched and the data was transmitted via a RF channel. In the second use case, they have
deployed a self-developed device on the agriculture land at a known depth to identify
the soil properties. In addition, a server and gateway architecture having access to a
cloud system for data processing purposes was proposed and in a second step, a less
power prototype with dissimilar sensors for data gathering for the labelled use cases are
established. The developed system has shown significance result in identifying the soil
properties for the rural conditions.

Liu et al. (2019) focused on a prediction model of water quality which needed data of
higher quality. They constructed and operated a smart systemofwater qualitymonitoring
on the basis of the IoT, which generated too much big data at a higher speed and thus
madewater quality data complex.Theydesigned and established adrinking-water quality
time-series prediction model to predict water quality big data by means of state of the
art deep learning (DL) method using LSTM. They obtained drinking-water quality data
from the automatic water qualitymonitoring station of Guazhou Water Source of the
Yangtze Riverin Yangzhou.

Muharemi et al. (2019) described many methods for detecting variations or abnor-
malities taking place in time series data of water purity. Their work too discussed and
proposed solutions to overcome certain problems when handling time series data. They
used logistic regression, deepneural network (DNN), linear discriminant analysis (LDA),
long short-term memory (LSTM), support vector machines (SVM), ANN, and recurrent
neural network (RNN) to apply over time series data and perform evaluation using F
score.
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Gowthami et al.: presented a lowcost IoT-based solution tomonitor quality, level, and
quantity of water in overhead tanks. Only pH and turbidity were considered to monitor
water quality. In addition, they also used a combination of ultrasonic sensor and a flow
sensor to control water level and quantity in tanks, respectively. Technical specifications
of sensors are not provided. The entire system is based on an Arduino Uno and ESP8266
Wi-Fi transceiver. machine learning methods were utilised for better decision making.
In short, this system works as follows: The Arduino Uno reads sensors, does some local
processing, and shifts data to a cloud server (not specified) via ESP8266 and a local
Wi-Fi router. The cloud server is used to store data, visualise sensor data, and send an
alert to end users via a smart phone in case any anomaly is detected. To summarise, this
system is not well mature and should be consulted if auto-filling of tank and/or cleaning
is desired only.

Muharemi, F., Logofa tu, D. & Leon, F. (2019): Identifying the purity of water play
key role for the success of aqua companies.Aqua related companiesmust ensure that they
must supply pure and safe drinking water for mankind. Now sophisticated equipments
with advanced sensors are used to monitor the water quality. This work represents the
description of several approaches to identifying changes or anomalies occurring onwater
quality time series data.The results show that all algorithms are vulnerable although
SVM, ANN and logistic regressions tend to be a little less susceptible, while DNN,
RNN and LSTM are very susceptible.

S. Garuglieri, D. Madeo (2019): The authors have suggested an integrated system
for the purpose of monitoring of the aquatic ecosystems.They have developed a low cost
system, called Water Environmental Mobile Observer and standard components as the
physical and chemical parameters are on condition that with a segmental collection of
sensor are performed a bathymetry.

Muhammad, S. Y., Makhtar, M., Rozaimee, A., Abdul Aziz, A. & Jamal, A. (2015)
According to the World Health Organization (WHO), approximately 2 billion people
worldwide use drinkingwater sources that are contaminatedwith faeces. This is a serious
issue since contaminated water may lead to certain waterborne diseases such as cholera,
hepatitis A, dysentery, jaundice, and typhoid fever. Therefore, many researchers around
the world are interested in studying the water quality. One of the most commonly used
approaches is by using machine learning. Machine learning approach has grabbed the
interest of many researchers since the last several years due to its power to compute com-
plicated mathematical computations on big data analysis. Therefore, this study explored
the correlation between different water quality parameters and Water Quality Index
(WQI) in water quality studies that used machine learning by using a meta-analysis
approach. This study used estimated variance, heterogeneity index, Chi-squared hetero-
geneity test and the random effects model. Based on the selected articles, pH, dissolved
oxygen (DO) and biochemical oxygen demand (BOD) are the parameters commonly
used in water quality studies which use a machine learning approach. This study found
that pH is the best chemical factor which greatly affects the Water Quality Index since
it has the highest mean correlation and lowest estimated variance due to sampling error.
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1.2 Motivation for the Work

The conventional method for monitoring of the quality of water is such that the water
sample is collected and sent to the laboratory to be testedmanually by analyticalmethods.
Although by this method the chemical, physical, and biological agents of the water will
be analyzed, it has several drawbacks. Firstly, it is time consuming and labor intensive.
Secondly, the cost for this controlled, displayed, and transferred. Compared to the con-
ventional water quality testing techniques, sensor based water quality testing has many
advantages such as accurate, high sensitivity, good selectivity, speed, fast response, low
cost etc.

In the present century, there were enough inventions in technology to keep the drink-
ing water pure and safe, but at the same time due to manmade pollution, Global warming
and other environmental issues, the drinking water will be contaminated badly. Hence it
is imperative to develop a better methodologies to monitor the water quality parameters
in real time. The water quality parameters pH measures the concentration of hydrogen
ions. It helps in identifying the water is acidic or alkaline. The pH value of pure water
is 7 where as ph less than 7 is acidic and more than 7 is alkaline. The range of pH is
varies between 0–14. The drinking water ph value must be between 6.5 t0 8. Turbidity
means the large number of suspended particles in water which is invisible to human eye.
Higher value of turbidity results in health hazard like diarrhea, cholera etc. Hence the
drinking water must have less value of turbidity.

2 Methodology

The IoT system integrated smart water quality system of household for sustainable
ground water management uses tank to store water before the water supply. There is a
Nitrate/Sulphate/Fluoride sensor and pH sensor that is embedded after the water flow
sensor which checks the Nitrate/Sulphate/Fluoride value and decides if the water is
potable (suitable for drinking). If the water is not potable, the sensor doesn’t release
the water further. The same would be attempting for other quality of water standards.
Collecting all the required data to process continuously and push data through aWireless
signal to a device. Flow rate measured in Litres/sec/min/hour. By calculating the pulses
from the output of the sensor, one could easily keep track the fluid movement. The IoT
based model consists of node MCU for transmitting data over an app which can be
accessed by the authorized end user. The final data is compared with manual tested data
for further verification.
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The circuit was designed according to the block diagram Fig. 1, Various sensors such
as pH, temperature, turbidity and TDS are interfaced to Arduino for water quality system
and further processing. Final output signal from Arduino is relayed through ESP8266
node MCU to the designated application for real time monitoring of water quality.

Fig. 1. System Block diagram

3 Results and Discussions

Water samples from different water sources were tested to build a reference on the
parameters for each type of sample. The chosen sample of water belongs to tap water,
surfacewater, poolwater, etc. For safety reasons, the system is not installed in the specific
areas of interest; instead water samples were collected and tested in a safe controlled
environment. Readings were taken simultaneously as we tested nine different water
Samples, according to that we got some results (Fig. 2).
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Fig. 2. Laboratory Set Up for testing water sample

Thewater samples fromvarious sources is tested in the laboratory for quality purpose.
We tested the samples for pH level, Turbidity, TDS and dissolved oxygen content with
the aid of various sensors. The results obtained shows that the water from well/ pond
found to be more suitable for drinking purpose. The water from bore well and tap are
found to be lesser in quality as the results tabulated in Table 1 below (Figs. 3 and 4).

Table 1. Tested parameters of different water samples..

Sample Ph Turbidity TDS Muddiness

Well 7.23 2.6 168 22

Borewell 7.45 4.5 274 37

Tap water 7.9 3.8 235 34

River 7.52 3.2 224 33
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4 Conclusion

The systemwas designedwith an intent to help themankind to decide the quality ofwater
from various sources for dinking purpose. The designed system consists of microcon-
troller with different sensors formonitoring the parameters of water. The obtained results
are displayed on a LCD display. Also using Iot technology, all the obtained parameters
are uploaded to cloud server using Blynk application so that the user can access the data
remotely sitting anywhere in the globe. The obtained results were compared with the
standards specified by Word Health Organisation and validated with manual approach.
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Abstract. Robots that operate underwater (underwater robots) replace humans in
searching for victims,weapons, and evidence in criminal cases…Normally, robots
move underwater thanks to the Human control from a shore station, however,
when detecting a suspected object as a search target, the robot needs to stabilize
in one position to observe and salvage the object. The level of position stability
and working posture of the robot greatly affects the quality of observed images
and the ability to salvage objects. Therefore, the topic group chose history Use a
gravity-compensated PID automatic controller to perform the above task, because
this is a set The controller has a fast response time, suitable for the object of the
problem. Simulation results onMatlab/Simulink show that the robot is quite stable
at the reference position. Result Actual testing has proven the correctness of the
simulation and meets the requirements of the problem.

Keywords: Stable control · PID · Underwater robots

1 Introduction

Currently, autonomous underwater vehicles (AUVs) are being widely used in many
different civil and military tasks such as oil and gas exploration and exploitation [10],
surveying oceanography, demineralization, and bathymetric data collection in marine
and riverine environments [11]. In the process of performing the above tasks, people
usually need to deploy orbit tracking or accurate path tracking techniques for AUV
devices.With the focus onAUVmotion control asmentioned above, thefield of trajectory
tracking control has received relatively more attention than path tracking control. The
reason is that it is related to the design of control rules to make the device able to
achieve and follow a trajectory based on time-varying parameters (i.e. a geometric path
associated with a time rule) [12]. However, it will be very difficult and challenging
to design an accurate trajectory tracking rule for AUVs. The reason is because the
device’s dynamics has highly nonlinear characteristics and strong disturbances leading
to non-stationary problems [9]. Meanwhile, the presence of external influences that
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change over time, which are factors that are difficult to measure or estimate, also makes
designing a trajectory tracking controller a difficult task [1, 4, 7, 12]. Up to now, many
different control methods have been proposed by engineers and researchers interested
in the problem of designing precise motion control systems for underwater moving
devices. PID controllers are often used to control devices that move underwater due
to their relative ease of deployment. In Fossen [9], the author proposed to apply PID
with compensation method restoring force (i.e. gravity and buoyancy), ensuring local
stability of the closed-loop system, to adjust an ROV device to a set point. In [13], the
author designed an unblocking PD control scheme, with fast deceleration and position
error convergence, to control AUVs according to a set point. Have shown that the PID
control can only adjust to the exact set point (i.e. keep it fixed) if the device is linear
and the action is constant. But in the case of trajectory tracking, the PID controller
cannot precise tracking both theoretically and practically, even for a quadratic linear
device [14]. To control the device moving underwater in the case of high-precision
trajectory tracking, several types of The controller applies the same understanding of
device dynamics presented in [15]. These can give consistent performance and stability
results both theoretically and in simulation. Authors [16], also stated that these types of
controllers are difficult to implement experimentally, the reasonbeing that it is impossible
to determine the exact AUV dynamics in practical applications [6, 9].

There are no published projects on applying AUVs to rescue work. The authors
present an AUV control method applied in rescue and prevention work. The achieved
simulation and actual results have proven the correctness of the proposed algorithm and
model.

2 Underground Robot Modeling

To describe the motion of underground robots, people use the Euler transformation
matrix for a 6-degree-of-freedom mathematical model that represents the relationship
between the coordinate system attached to the object and the coordinate system fixed to
the earth’s center. The general dynamic equation of the underground robot is described
in [2, 3, 5] as follows: {

η̇ = J(n2)ν

Mv̇+ C(v)v+ D(v)v+ Gf (η) = τA
(1)

In which η = [
ηT1 , ηT2

]T
and η1 =

[
x, y, z

]
location of the robot’s center of mass in a

fixed coordinate system; η2 = [ϕ, θ, ψ]T orientation angle betweenmounted coordinate

system attached to a fixed coordinate system; v = [
νT1 , vT2

]T
and: v1 = [u, v,w]T long

velocity vector projected onto the attached coordinate system axis; v2 = [
p, q, r

]T
transport vector angular velocity projected onto the attached coordinate system; J (n2)
Coordinate conversionmatrix from the attached coordinate system to thefixed coordinate
system, the values of the parameters depend on the rotation angles η2 = [ϕ, θ, ψ];

D(v): Damping matrix; Gf (n): force and moment vectors caused by gravity and
buoyancy; τA: Force and Moment generated by thrusters;M = MRB+MA in thereMA
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Inertial matrix of the enclosed water mass; MRB Inertia matrix; C = CRB+CA in there
CA(v): Coriolis radial matrix of the attached water mass; CRB(v) Coriolis centripetal
force matrix.

Fig. 1. Underground robot model

With the model shown in Fig. 1, the expression describing the relationship between
the external force moment in all directions τA and the voltage signal matrix controlling
the thrusters U is as follows [1, 8] (Figs. 2 and 3):

τA=

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

0 0 cα cα cα cα
−sβ sβ −sα sα −sα sα
cβ cβ 0 0 0 0
−d1 d1 0 0 0 0
0 0 −d2.cβ −d2.cβ d2.cβ d2.cβ
0 0 d3 d3 −d3 −d3

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

u1
u2
u3
u4
u5
u6

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(2)

Fig. 2. Underground Robot model described in Matlab/Simulink
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Fig. 3. PID controller model

3 Design an Automatic Controller to Stabilize the Robot

The controller’s task is to automatically adjust the voltage levels supplied to the propul-
sion motors appropriately so that the robot is always stable in posture and position at
the working point according to work requirements in a complex water environment.
Complexity (changes in flow, environmental factors…). Select a gravity-compensated
PID controller with the voltage to control the thrusters according to the following law:

μ = T−1[JT(η)Kpe− JT(η)KdJ(η) +Gf (η)] (3)

The calculation results show that the control law ensures that the system will be
stable according to the target Lyapunov norm with Lyapunov function

V(υ, e) =1
2
(υT.M.υ + eT.Kp.e)

Fig. 4. Status of underground robot and motion trajectory in case 1

4 Simulation and Experiment Evaluate the Stability of the Robot
When Operating

To ensure the controller works well, the robot implicitly provides a stable response, the
research team conducted simulations and tested the controller in 2 cases:
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4.1 Case 1

The robot is required to move from coordinates (0,0,0) to (1, 0, 0.7) according to the
route: in the first 30 s, move along the x-axis (forward) 1m. 30 s later requires a z-axis
displacement (dive) of 0.7m. The simulation process does not include environmental
noise and errors in the underground robot model. The simulation results are shown in
Fig. 4:

The simulation results in Fig. 4 show that the controller provides voltage to the
thrusters so that the robot automatically moves, stops, and maintains exactly at the work-
ing point with coordinates (1, 0, 0, 7). The movement trajectory is completely consistent
with the designed route. The pitch angle, deflection angle, and tilt angle only fluctuate
in a very small range, this ensures that there is no vibration during movement, the robot
always maintains the posture and direction of observation, satisfying the requirements
set for case 1.

Fig. 5. Figure 5: State of the underground robot and motion trajectory when the flow is along the
x-axis

4.2 Case 2

The robot stops at a point with coordinates (1, 0, 0.7) to observe. The simulation process
adds environmental noise, flow velocity, and errors in the underground robot model. The
controller’s requirements must ensure that the robot maintains the reference coordinates
and is stable with allowable vibration.

– When the flow is disturbed along the x-axis with a velocity of 0.5m/ s

The simulation results shown in Fig. 5 show that: when the flow impacts along the
x-axis on the head of the underground robot, it will not greatly affect the stability of
the system, the underground robot is pulled under the influence of the flow. Back 0.8 m
along the x-axis, the controller immediately pulls the underground robot back to the
working point, with a very small deviation from the initial position of about 10–15 m.
The response of tilt angle, tilt angle, and deflection angle does not change, ensuring that
the robot maintains the same direction and working posture.
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– When the flow is in two directions along the x-axis with a velocity of 0.5 m/ s and
along the y-axis with a velocity of 0.1 m/ s.

The simulation results in Fig. 6 show that the flow impacting the side of the under-
ground robot harms the system, the robot tends to oscillate very small around theworking
point position. The response of the roll tilt angle is deviated from the set position by
about 0.02 rad, because there is a force from the flow that always acts on one side of the
robot, making the robot always tend to tilt at a small angle. The pitch angle and deflection
angle fluctuate within the allowable range of about 0.1 rad. However, the controller still
meets the requirements set out in this case.

Some image testing, assessment of authenticity in Fig. 7 andThe actual testing results
are shown in the video: https://youtu.be/uBM4xI21ECI.

Fig. 6. Status and motion trajectory of the robot underground when the flow affects both the x
and y axes

Fig. 7. Testing, assessment of authenticity

5 Conclusion and Future Research Directions

The simulation results accurately reflect the physical nature of the robot’s operation
in still water and flowing water environments. The designed gravity-compensated PID
controller performs the set function well.

The above results are based on the project team’s creation and completion of an
experimental underground robot operating in real environments that meets the proposed
requirements and demonstrates the simulation results.

https://youtu.be/uBM4xI21ECI
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Next, the research team will continue to conduct real-world testing with differ-
ent scenarios to evaluate the stability of the system as well as the effectiveness of the
algorithm.
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Abstract. Network-on-chip (NoC) is a verbal exchange protocol for incorpo-
rated circuit and System-on-Chip (SoC) systems. It correctly integrates a pack-
etswitched network of routers and switches. Compared to conventional commu-
nique structures, NoC offers scalability, modularity, high performance, flexibil-
ity, and capability performance. NoC is important in present-day chip layout as
it addresses issues of performance, scalability, and strength intake. It improves
overall performance via the usage of high bandwidth and occasional latency con-
nections. It allows for scalability via validating more than one component and
allows for destiny expansion. The purpose of the paper is to analyze the Network
on-chip (NoC) layout and examine one-of-a-kind topologies for efficient on-chip
verbal exchange.

Keywords: RiCoBiT · Network on Chip · NoC topology ·Mesh · Torus

1 Introduction

Chip designs nowadays face many problems due to the fact they’re getting more com-
plicated. This happens due to the fact chips should have more parts, be smaller but filled
with greater stuff, including exclusive varieties of elements, work faster, use less power,
and be made faster. To solve these problems, we need to make smart choices about how
we design chips, set up communication between parts, save energy, and make the design
process smoother.

The usual way of connecting parts in a chip, called a bus, has some limitations. It
can’t easily grow to handle more parts, it uses a lot of energy, can be slow, isn’t very
flexible, and can’t handle errors well. Network-on-Chip (NoC) [1] is a better approach
because it can grow, work faster, use less power, be more flexible, and handle errors
better. It’s like having a better road system inside the chip.

This paper discusses NoC and sees how well it works compared to other ways of
connecting parts in a chip.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
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2 Literature Review

Network-on-Chip (NoC) is a crucial communication infrastructure within integrated
circuits and System-on-Chip (SoC) designs. It plays a vital role in enabling efficient data
transfer and communication within the system. NoC consists of several key components,
working together to facilitate this communication.

Routers are the central components of a NoC. They act as intermediaries for routing
and switching data packets. When a router receives a packet from a source node, it
examines the packet’s destination address and decides the best way to forward it. Routers
are responsible for establishing communication paths and ensuring that packets reach
their intended destinations.

Links, which can be either wired or wireless, form the physical connections between
routers in a NoC. These links carry both the data packets and control signals needed for
communication between the routers. The quality and characteristics of these links have
a significant impact on the overall efficiency and speed of data transmission within the
NoC.

Network infrastructures serve as the bridge between the NoC and the processing
elements (PEs) or IP cores within the system. They provide the necessary connections
and protocol translations to facilitate communication between the NoC and external
components. The network involves handling tasks such as sending and receiving packets
and adapting protocols to ensure seamless integration of connected components with the
NoC.

One distinct feature of NoCs is their packet-based communication paradigm. Unlike
traditional systems that use a shared bus, NoCs break data into packets. Each packet con-
tains a portion of the data being transmitted, along with additional control information.
These packets are routed from the source to the destination through the NoC.

Compared to shared bus architecture, this packet-based approach offers several
advantages. First, it provides enhanced scalability. As the number of components in a
shared bus architecture increase, the bus can become a bottleneck. In contrast, NoCs offer
multiple parallel communication channels, enabling efficient and concurrent data trans-
fers between various components. This scalability supports the integration of a larger
number of components and accommodates the growing complexity of chip designs.

Another benefit of the packet-based communication mode is improved performance.
Bydividingdata into packets, the communication channel provides the facility to transmit
multiple packets simultaneously, this helps to reduce the latency and improves overall
system performance. The parallel nature of packet-switched communication in NoCs
enables faster and more efficient data transmission, which is particularly advantageous
for data-intensive applications that require high bandwidth and low latency.

NoCs also offer advantages in terms of modularity and reusability. Separating the
communication infrastructure from functional blocks allows for easier integration and
reconfiguration of IP cores. This modular design approach enables different components
to be developed independently and then integrated into theNoC, facilitating faster design
iterations and promoting the reuse of IP cores across different chip designs. It also allows
for the customization of NoC topologies to meet specific application requirements.
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Further, NoCs contribute to energy efficiency. In traditional bus-based architec-
ture, all components connected to the bus commute for access result in increased pas-
senger consumption. NoCs, on the other hand, use packet-switched communication,
which reduces power consumption by minimizing wire length and associated capaci-
tance. Additionally, NoCs enable dynamic routing and power management strategies,
optimizing power efficiency and reducing energy consumption in chip designs.

3 Advancements in System-On-Chip Designs

Theway computer chips aremade has improved a lot over time.Now,we can put different
types of cores (like the brain of a computer) on a single chip. But for these cores to work
together, they nееd a good way to talk to each other. This talking is like a traffic system
inside the chip. We want this traffic system to be flexible, fast, and able to handle lots of
things at once. One solution for this is called “Network-on-Chip” or NoC. NoC is like
the road system inside thе chip. It hеlps thе corеs communicatе еfficiеntly. Thе layout
and connеctions of NoC arе callеd “NoC topology. “ Thеrе arе rеgular topologiеs that
connеct similar corеs and irrеgular onеs for diffеrеnt corеs with diffеrеnt functions.

Bеforе, wе usеd systеms outsidе thе chip for communication, but thеy couldn’t kееp
up with thе nееd for spееd, sizе, and powеr еfficiеncy. On-chip nеtworks likе SoC and
MPSoC arе bеttеr bеcausе thеy usе lеss powеr and work fastеr than off-chip solutions.

Insidе on-chip nеtworks, thеrе arе diffеrеnt ways to connеct thе parts. Somе usе a
sharеd bus, which is likе a simplе road, to connеct еvеrything. But as thе chip gеts morе
complеx, this can causе problеms likе slow communication and using too much powеr.
NoC is bеttеr bеcausе it usеs a nеtwork of routеrs instеad of a sharеd bus. This savеs
powеr and works morе еfficiеntly.

NoCmakеs it еasy to connеct diffеrеnt parts of thе chip and еnsurеs thеy talk to еach
othеr propеrly. It’s good for communication insidе thе chip, no mattеr how big or small
it is. Onе common way to sеt up NoC is by using a mеsh, which connеcts еach routеr
to somе corеs and othеr routеrs. This way, data can movе еfficiеntly. But whеn thе chip
gеts rеally big, thе mеsh can gеt complicatеd. A torus is anothеr way to sеt up NoC. It
connеcts nodеs in a smartеr way, which can handlе biggеr chips, but it can also causе
somе dеlay.

In thе еnd, improvеmеnts in chip tеchnology havе allowеd us to usеNеtwork-onChip
(NoC) in Systеm-on-Chip (SoC) dеsigns. NoC hеlps diffеrеnt corеs communicatе bеttеr,
and it’s flеxiblе, fast, and еfficiеnt. Diffеrеnt NoC sеtups likеmеsh and torus can handlе
communication and scalability issuеs. On-chip nеtworks arе bеcoming morе popular
bеcausе thеy usе lеss powеr and work bеttеr than off-chip solutions. NoC-basеd dеsigns
arе becoming important for modеrn applications and sеrvicеs.
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4 Network on Chip Architecture

A typical modular NoC architecture consists of three essential components: network
interfaces (NI), switches, and links [4].

The main function of network interfaces [8] is to translate the bus protocol used by
the processing elements (PEs) to the network protocol used by the switch Each IP core
must connect to the NoC via NI. Which transforms transaction requests and responses
into internal packets. These packets were then flit-sorted by the NI.

The network backbone consists of switches, which are responsible for forwarding
packets from source to destination. Switches make it easy to create different topologies,
provide arbitrary connections betweenmultiple inputs and outputs, and thus connections
to multiple PEs Moreover, switches provide buffering resources to prevent congestion
and increase performance.

Communication plays an important role in drawing connections between NIs and
switches, as well as between switches. Connections servemore than physical lines; They
can act to fill critical time. The internal structure of the NoC [9] is shown in Fig. 1, where
PE stands for Processing Elements, NI stands for Network Interface, and RL stands for
Routing Logic

Fig. 1. Internals of NoC

5 Network on Chip Topologies

Thеrе arе sеvеral notablе NoC architеcturеs, including mеsh, torus, and RiCoBiT
[2]. Each of thеsе has uniquе charactеristics that makе thеm suitablе for diffеrеnt
applications.

5.1 Mesh Topology

Mеsh topology [6] is a wеll-connеctеd nеtwork whеrе еvеry nodе is dirеctly connеctеd
to еvеry othеr nodе. This typе of nеtwork is commonly usеd in widе-arеa nеtworks
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(WANs) and pееr-to-pееr nеtworks. It еnsurеs that еach nodе has a dirеct connеction
to еvеry othеr nodе, which makеs thе nеtwork robust and еnablеs multiplе paths for
communication bеtwееn nodеs. This rеdundancy еnhancеs fault tolеrancе, as еvеn if
onе path fails, communication can continuе through othеr paths. Mеsh topology allows
for thе еasy еxpansion of nеtworks by adding nеwnodеs and connеcting thеm to еxisting
onеs, making it scalablе (Fig. 2).

Fig. 2. Mesh Topology

One of the advantages of mеsh topology is traffic distribution. Data can be sent
simultanеously using diffеrеnt paths, which helps to managе network traffic efficiently.
Howеvеr, as thе numbеr of nodеs incrеasеs, thе complеxity and cost of implеmеnting
mеsh topologiеs also risе significantly. This complеxity can bе a concеrn, еspеcially
whеn thе numbеr of connеctions grows еxponеntially with thе incrеasing numbеr of
nodеs. There are two main types of mesh topologies: full mesh, where every node has its
own connection with all other nodes and partial mesh, in which only some nodes have
direct connections to each other.

5.2 Torus Topology

Thе torus architеcturе is an еxtеnsion of thеmеsh structurе, but it takеs thе nеtwork and
wraps it around itsеlf to form a toroidal shapе. This configuration allows for еvеn morе
connеctions and multiplе paths bеtwееn routеrs. It еnhancеs fault tolеrancе and rеducеs
congеstion in thе nеtwork. Torus architеcturеs providе good scalability and support both
short and long-distancе communication.

Howеvеr, thе complеxity of wiring in Torus topologiеs incrеasеs with thе numbеr of
dimеnsions in thе torus [6]. In othеr words, as you add morе layеrs to thе toroidal shapе,
thе wiring bеcomеs morе intricatе. Nonеthеlеss, torus topologiеs arе valuablе for thеir
ability to handlе high communication dеmands and providе rеdundancy, making thеm
suitablе for a widе rangе of applications.

5.3 RiCoBiT Topology

RiCoBiT, which stands for Ring Connected Binary Trее [3], is a network topology used
in Network-on-Chip (NoC) systems. It is a special kind of arrangement that combines
the strengths of both ring and binary trее topologies.
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Fig. 3. Torus Topology

As you can sее in Fig. 3, thе nodеs form a binary trее, with thе root nodе connеcting
to all othеrs. Thеsе nodеs arе thеn groupеd into rings, еach containing two nodеs. Thе
rings arе connеctеd to еach othеr hiеrarchically.

This hiеrarchical sеtup is usеful for еfficiеntly routing data packеts. RiCoBiT [7]
has sеvеral advantagеs comparеd to othеr NoC topologiеs. It has a low maximum hop
count, mеaning that data packеts can travеl from onе nodе to anothеr in a rеlativеly small
numbеr of stеps [5]. It also has a low avеragе hop count, which mеans that, on avеragе,
thе distancе bеtwееn any two nodеs is rеlativеly short. This can significantly improvе
thе pеrformancе of thе NoC systеm (Fig. 4).

Fig. 4. RiCoBiT Topology with three rings

Morеovеr, RiCoBiT topology is scalablе. If thе numbеr of nodеs in thе systеmgrows,
you can еasily еxpand thе topology by adding morе rings. This makеs it a grеat choicе
for NoC systеms that nееd to support a largе numbеr of nodеs.

RiCoBiT topology has bееn provеn еffеctivе in various NoC applications, including
high-pеrformancе procеssors, еmbеddеd systеms, and wirеlеss sеnsor nеtworks [10]. It
offеrs a balancеd combination of еfficiеncy and scalability, making it a valuablе choicе
in thе world of Nеtwork-on-Chip systеms.
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6 Flow Control Mechanisms for NoC

Developing an efficient routing algorithm for a Network-on-Chip (NoC) necessitates
a radical draw close of various routing techniques and drift manage mechanisms well
suited with NoC architectures. These mechanisms embody shop and forward routing,
virtual reduce-via routing, and wormhole routing, all commonly employed in NoCs.

Store-and-ahead routing [4, 10] is the maximum sincere among the various go with
the flow manipulate mechanisms in NoC architectures. It entails briefly storing data
packets at every node earlier than forwarding them to the next. Despite its simplicity,
this approach has drawbacks which include excessive latency and the requirement for
substantial buffer ability.

To cope with the latency and buffer size troubles related to shop-and-ahead routing,
the virtual cut-via method became devised for NoC architectures. This technique permits
on the spot transmission of packets upon arrival at a router, eliminating the need for
temporary garage. Consequently, latency is significantly reduced, inspite of a smaller
buffer size, as packets are not held at intermediate nodes.

Wormhole routing is any other method involving the division of information packets
into smaller gadgets known as “float control digits” or “flits” [5]. The transmission path
is determined by way of the primary flit, and subsequent flits comply with the same
course.

In assessment to other routing methods, wormhole routing offers numerous bless-
ings. It allows extra efficient utilization of community assets, reduces congestion,
and improves standard network overall performance by way of permitting parallel
transmission of flits, allowing the simultaneous transmission of more than one packets.

7 Comparative Analysis

When assessing the efficiency of different topologies for NoC architectures, several
factors such as the maximum hop count, average hop count, count of wire segments, and
wire length are typically considered [4].

A. Maximum Hop Count
The maximum hop count is the greatest distance of all the shortest paths in a network,
which is a key determinant of communication latency. As this count increases, latency
also increases, leading to a decrease in performance.

B. Average Hop Count
The average hop count is calculated by taking the mean of the hop counts for all possible
pair combinations. This provides a holistic view of the performance of the system.

C. Count of Wire Segments
An increase in the number of wire segments leads to an increase in the required routing
area. This results in a decrease in efficiency, which negatively impacts the network’s
ability to facilitate packet communication.
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D. Wire Length
It is very important to note that both the length of thewire and the number of segments has
a significant impact on network performance. The efficiency of packet crossing across
the network is in inverse relation to each other.

In evaluating the performance of on-chip network topologies, we consider several
parameters:maximumhop count, average hop count, wire length, and the number ofwire
segments. The maximum hop count refers to the number of intermediate nodes a packet
needs to traverse in all the shortest paths to reach its destination [4]. This parameter is also
indicative of communication latency. The average hop count is determined by the number
of hops required for communication between all pairs of source and destination nodes.
Other performance parameters include wire length and the number of wire segments. An
increase in these parameters inversely affects the performance of the topology.According
to a study, RiCoBiT outperforms mesh and torus topologies based on these performance
parameters [9].

Table 1. Evaluation of Performance differences amongst Various Network Topologies Using
Qualitative Analysis.

Performance Parameters Topologies

RiCoBiT Mesh Torus

Maximum Hop Count Minumum Maximum Moderate

Average Hop Count Minimum Maximum Moderate

Wire length Moderate Minimum Maximum

Number of Wire Segments Same Same Same

Table 1 gives an examination of different community topologies, thinking about
performance parameters together with maximum hop be counted, average hop depend,
twine duration, and the range of wire segments. Through the carried out evaluation,
it is able to be inferred that RiCoBiT outperforms different topologies in phrases of
performance.

8 NoC Routing Algorithms

There are two primary types of routing algorithms for Network-on-Chip (NoC): adaptive
and oblivious. This classification is illustrated in Fig. 5.

When it comes to routing packets in Network-on-Chip (NoC) systems, there are two
most important styles of oblivious routing algorithms: deterministic and stochastic [4,
10]. Stochastic algorithms randomly ship packets, at the same time as deterministic ones
always observe a predetermined route for delivery. Choosing among those relies upon at
the particular desires of the utility and the preferred performance/complexity stability.

Minimal turn routing [5] is a honest yet effective oblivious routing algorithm in NoC
architectures. It involves figuring out the direction for packet routing at each step, with
examples like XY routing, pseudo-adaptive XY routing, and surrounding XY routing.
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Fig. 5. Classification of routing algorithms.

On the opposite hand, stay lock-free routing algorithms, which include west-first
routing, northlast routing, and poor first routing, goal to save you deadlocks, making
sure that packets don’t get caught in an infinite loop throughout routing.

Selecting a routing set of rules depends on different factors like community topology,
site visitors patterns, and overall performance necessities. Careful attention ensures that
the chosen technique aligns with the particular traits of the community, optimizing its
performance and reliability.

In the NoC realm, deterministic routing algorithms are massive, supplying a estab-
lished technique to packet routing [4, 5]. Examples consist of shortest course routing,
source routing, vacation spot-tag routing, and topology adaptive routing. Shortest path
routing targets to discover the maximum direct course between supply and vacation spot
nodes, minimizing the packet’s hops. Source routing empowers the supply node to chart
the whole packet direction for unique manage. Destination-tag routing appends a tag to
the packet specifying its intended destination, facilitating green and direct shipping.

Topology adaptive routing algorithms take a dynamic approach, adjusting the routing
path in response to changing network conditions and traffic patterns. These adaptive
strategies aim to optimize packet transmission while circumventing congestion issues.
When choosing a deterministic routing algorithm for a givenNoC, it’s crucial to consider
factors such as the network’s size, the nature of traffic patterns, and the performance
requirements. This thoughtful selection process ensures that the routing algorithm aligns
with the network’s unique characteristics and operational goals, thereby enhancing its
overall efficiency and reliability.

The underlying premise of stochastic routing algorithms [4, 9] in NoC is that every
packetwill ultimately get to its destination. Stochastic routing, in contrast to deterministic
routing, randomly chooses a path depending on traffic patterns and network conditions
rather than adhering to a predetermined path. Although this method adds a degree of
uncertainty to the packet transmission process, it may result in a more effective use of
network resources.

A greater sophisticated shape of routing in Network-on-Chip (NoC) is obtainable
with the aid of adaptive routing algorithms [3, 4], which take into account traffic patterns
and community conditions whilst making routing choices. In situations where network
situations are dynamic and continuously converting, adaptive routing algorithms show to
be a better desire than oblivious routing. Examples of adaptive routing algorithms consist
of hot potato routing, flip around routing, strange-even routing,minimal adaptive routing,
and completely adaptive routing.
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Fully adaptive routing dynamically adjusts the routing path based totally on packet
precedence and congestion stages. In contrast, minimal adaptive routing selects the
course with the fewest turns. Hot potato routing objectives to minimize latency via
directing packets to the closest on hand node. Turn round and peculiar-even routing are
built at the idea of fending off deadlocks.

The choice of particular adaptive routing algorithms is influenced with the aid of
elements inclusive of community length, visitors patterns, and overall performance
necessities. These algorithms recall the dynamic nature of the community and adjust
their routing decisions accordingly, contributing to progressed efficiency in the face of
changing situations.

9 Future Scope and Research Challenges

Thе primary objеctivе of this assignmеnt is to dеvеlop a fastеr procеssor. In our futurе
plans, wе aim to еxpand thе capabilitiеs of thе Nеtwork-on-Chip (NoC) simulation
tool to support a widеr rangе of nеtwork dеsigns. Additionally, wе intеnd to adapt thе
simulator to bе compatiblе with multi-corе procеssors. To mitigatе thе dеlays asso-
ciatеd with mеmory accеss, wе plan to implеmеnt a tеchniquе known as multithrеading.
Multithrеading еnablеs thе concurrеnt еxеcution of multiplе thrеads, which can signifi-
cantly accеlеratе projеct еxеcution and еnhancе ovеrall pеrformancе. Our ultimatе goal
is to minimizе latеnciеs and boost thе procеssor’s spееd through thе implеmеntation of
multithrеading.

10 Conclusion

In conclusion, our rеviеw and comparativе analysis of Nеtwork-on-Chip (NoC)
topologiеs havе providеd valuablе insights into thеir uniquе charactеristics, advantagеs,
and tradе-offs. Mеsh and Torus architеcturеs offеr еxcеllеnt scalability and low latеncy
for short-distancе communication. Trее architеcturеs providе hiеrarchical organization
and fault tolеrancе, whilе Binary Trее architеcturеs offеr highеr bandwidth. Thеsе find-
ings undеrscorе thе importancе of sеlеcting thе appropriatе NoC topology basеd on
spеcific application rеquirеmеnts and dеsign constraints.

NoC has еmеrgеd as a vital communication infrastructurе for modеrn chip
dеsigns, addressing thе limitations of traditional bus-basеd architеcturеs. By еmploy-
ing packеtbasеd communication, parallеlism, and modular dеsign approachеs, NoCs
offеr scalablе and еfficiеnt solutions. Thеy еnablе thе intеgration of a largеr numbеr
of componеnts, support fastеr data transfеrs, promotе modularity and rеusability, and
optimizе powеr consumption. Thе significancе of NoC in facilitating thе dеvеlopmеnt
of advancеd and fеaturе-rich chip dеsigns cannot bе ovеrstatеd.

Thе choicе of thе right NoC topology has a significant impact on systеmpеrformancе
and dеsign еfficiеncy. This dеcision dirеctly affеcts crucial mеtrics such as scala-
bility, latеncy, throughput, fault tolеrancе, and powеr consumption. A wеll-dеsignеd
NoC topology can еnhancе ovеrall systеm pеrformancе by minimizing communica-
tion latеncy, rеducing contеntion, and maximizing thе usе of availablе bandwidth.
It also strеamlinеs dеsign еfficiеncy by facilitating modular dеsign and componеnt
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intеgration. Thеrеforе, thoughtful considеration of thе NoC topology is еssеntial for
achiеving optimal systеm pеrformancе, mееting dеsign rеquirеmеnts, and еnsuring
еfficiеnt communication within chip or Systеm-on-Chip (SoC) dеsigns.
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Abstract. LTEprovides fast and continuous handover fromoneBS (Base Station)
to another to achieve the user’s desired Quality of Service (QoS). The decision
must rapidly be taken between handover and load balancing to attain efficient
QoS. Various algorithms are implemented into the system to make this decision,
carrying out planning, processing and installation steps. This requires a maximum
number of manual involvements and results in errors. Hence, to make the systems
error-sensitive and to reduce manual involvement, LTE networks implement SON
functions to operate decision-making automatically. Where Key factors of system
performance include handover and load balancing. A new efficient optimization
technique for LTE networks based on a fuzzy logic system is proposed in this study
for decision-making. Fuzzy logic considers several network parameters and takes
handover or load-balancing decisions. This decision is made according to network
status and also considering its parameters. A fuzzy logic system requires an opti-
mal solution at certain stages; hence, the system uses an optimization algorithm
to optimize the handover and load-balancing decision. To satisfy the increased
demand for a high data rate while maintaining the QoS, a dense Long-Term Evo-
lution (LTE) cell is necessary. This network implements specific algorithms to
the network for performing handover. This research proposes an efficient network
fuzzy logic algorithm to achieve continuous handover.Also, this study analyses the
possibility of a successful handover or load balancing made using this fuzzy logic
system. When a fuzzy logic system cannot make an appropriate decision, it uses
an optimization algorithm and overcomes the conflict, as mentioned above. The
outcome of the proposed system model shows an increased system performance
and mobility for users; hence, it hopefully reaches the desired QoS.

Keywords: LTE · BS · 3GPP · SON · Handover · Fuzzy logic · Load balancing

1 Introduction

Handover is a transfer of a network connection from one base station to another. While
switching from one base station to another, the user should not experience any inter-
ruptions. This gives the user a continuous, seamless connection to the network without
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knowing to which base station the user was connected [9]. Hence, LTE is utilised in
3GPP to balance the increased demand for network connection. This network provides
services with the installation, planning, testing, monitoring, mitigation and evaluation
[10]. Handover [11] is a mandatory process in the LTE/4G environment, precisely when
a high-speed continuous connection is required [12]. 3GPP uses an LTE network to
increase the capacity and speed of a network [13]. The complexity and size of the
LTE networks get maximised due to the number of users. The users always require a
continuous network connection.

The applications like video calls and streaming video require a breakless connection
[14]. In turn, it needs a high throughput with the network connection. The user must be
able to utilise the network connection even in a high-speed moving environment. Users
must comfortably use the network’s services at any location with increased mobility.
This is the reason why the user node requires continuous handover.

Load balancing [15] is a reverse proxy method that shares the network and applies
it across different base stations at the time of traffic. This technique shares the workload
across n number of BS; this, in turn, decreases the overall burden of the base station.
This technique distributes requests and hence saves the memory space. It also offers
excellent flexibility in network connection. Load balancing [16] is applied to the system
where increased concurrent user capacity and high overall reliability are required. Based
on the network requirement, load balancing is done. To increase the response time for
a BS, some additional functions are needed that include throughput management, i.e.,
when there is a rapid increase in traffic that provides for both outbound and inbound
requests of a BS, load balancing handles it with an appropriate solution. The load from a
BS must be distributed between nodes, which is necessary for balancing the traffic [17].
When it comes to a security concern, the node, when facing denial of service, which
is a negative impact that includes unwanted requests or another call that compromises
the use of the network, the load balancing will be invaluable. This gains an advantage
with VPN solutions, Firewalls and many other features [1]. Continuous connectivity of
networks can be achieved through load balancing that connects more BS continuously.
This tends to have various problems, including limited connection between the BS and
nodes [19]. The load balancing technique provides a solution by sending the request
from a BS to the appropriate cell.

The previously proposed systemmodels are complex and also requiremanual deploy-
ment. It becomes costly by nature and insensitive to error, resulting in unsatisfied cus-
tomers. 3GPP utilises the SON network for cost reduction with improved planning,
maintenance and deployment. Network planning, maintenance, optimisation and con-
figuration are deployed in SON [20]. Load balancing and handover are the key assistants
of a SON network, as the SON network serves the load from a congested one to neigh-
bouring cells with load balancing. LTE network optimises parameters using two or more
SON functions [21]. A negative impact on the network is caused by a conflict and
dependency state during optimising a single parameter with two SON functions. The
parameters, namely SNR (Signal-to-noise ratio), Throughput and Efficiency of the net-
work, are analysed for handover optimization. These parameters are changed to increase
the network’s speed for the user. The key motivators for SON are the increasing number
and complexity of network characteristics. The rapid expansion of wireless networks
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has resulted in the parallel operation of 2G, 3G, and 4G infrastructures, and a constantly
rising number of base stations must be configured and managed with as little human
intervention as possible.

The SON process includes self-configuration, where an IP address is allocated to
the new user. Gateway is configured for the new user so that the BS can exchange IP
packets with other mobile nodes. The new Base station provides information, including
type, hardware, etc., to the Self-configuration Subsystem for authentication. Necessary
software and configuration data are downloaded from the Self-configuration Subsystem.
The new connection is configured based on the transport and radio configuration data.
The self-optimization mechanism uses base station and performance measurements to
autotune the network. This process operates in an operational mode, which begins when
the RF interface is turned on. The self-optimization procedure gathers measurement
data from the base station. Then, with the assistance of an external optimization tool, it
auto-tuned the configuration data to optimize the network. [22].

An efficient handover optimizations technique for LTE networks based on fuzzy
logic algorithm [23]. The mean number of handovers with system delay and system
throughput depends on user speed. The features desirable for handover are low speed
and QoS. Overhead signaling should be minimized during handover. As a result, there
is opportunity to minimize complexity and improve network quality of service (QoS)
by minimizing call blocking and dropping. This research provides a unique approach
for load balancing and handover optimization based on collaborative optimization. This
technique is based on fuzzy logic and the Sea Lion Optimization technique (SLnO). The
fuzzy logic action is based on previous actions, and its influence and performance on
the network are monitored using KPI (Key performance indicators). To achieve the best
results, these actions are optimized using a proposed method. Based on collaborative
optimization, this approach minimizes the coordination complexity of two SONs.

In this study, Sect. 2 describes the literature review, Sect. 3 briefs on the problem
statement and motivation of the research, Sect. 4 briefs about the proposed model, and
Sect. 5 shows the simulation results. At last, Sect. 6 contains the overall result and
conclusion.

2 Related Works

Akyildiz et al. [1] discussed an approach in LTE- advanced network with the backwards-
compatible enhancement of LTE release eight, which is fully specified in 3GPP release
10. This paper describes the leading technologies in this network and validates its advan-
tages and challenges. Hasan et al. [2] have proposed an alternative algorithm for load
balancing and mobility in a small cell network. For enhancing the network performance,
like the service throughput and drop rate. Lack of resources causes overloading of cells,
which cannot select the required source even when the nearby cells can share the net-
works. However, the proposed algorithm does not have information on edge UEs first
to hand for load balancing. Li et al. [3] have submitted a technique combining optical
switching andwireless technology for transforming physically moving base stations into
logicallymoving cells. The system’s relay stations help improve the assist handovers and
signal strength—however, frequent interference along with over-signalling is presented
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among RSs, BSs and HSTs. Bejerano et al. [4] have intimated a model to achieve a bet-
ter trade-off between HPO and LB. In this proposed model, a co-satisfaction indicator
(RCSF) was presented that consists of an impact on the handover success and user sat-
isfaction ratios. However, this model cannot be implemented practically and also, at the
time of simulation, the optimisation values of HPO and LB are 30 s and 1 s, respectively.
These results showed that the proposed system model was unable to implement.

Bejerano et al. [5] have proposed a design aspect of DMFO and its performance
via extensive simulations and analytical simulations. Subsequently, it also presented
the proposed technique lowers the overhead of the signal at the time of equating with
the requirements of the QoS. With various mobility patterns, the given model results
in failure. For example, the proposed method identifies the signal-to-noise ratio that
increases the spectral efficiency for transferring signals, adding to a low reporting over-
head. Nguyen et al. [6] proposed a distributed mobility robustness optimization algo-
rithm for lowering handover failures during radio link failures, adjusting offset and TTT
(Time to Trigger) parameters. However, an impact was created in all the nearby cells, so
the algorithm could not differentiate between various cell environments. The proposed
algorithm optimizes the parameters of the handover. However, the proposed method
performed handover before the TTT window expired. The result validated that the per-
formance of the proposed method degraded with the maximization of Handover when
the TTT was little. Anyway, it was not helpful for LTE networks. Chen et al. [7] have
proposed an approach for 3GPP LTE for increased system output and decreased packet
delay. This proposed approach used two handover management notations to avoid the
ping-pong effect. The algorithm proposed had different issues at the time of handling
handover. However, there were limitations like high carrier interferences, high data loss
and high disruption time. Awada et al. [8] have proposed an algorithm for optimizing
inter-RAT handover. The proposed algorithm is simulated on both LTE and 3G networks,
in which the parameters were adjusted. However, the proposed algorithm requires an
extension for an improved handover offset.

3 Problem Statement and Motivation of the Research

3GPP utilize an LTE network to meet the maximized demand for wireless data ser-
vice. SON is used to configure and optimize the wireless connection to reduce manual
involvement. Adjusting the parameters depending on the network status increased sys-
tem performance. On the other hand, it shows specific negative impacts. For instance, if
a user moves from one location to another, the mobility performance and the handover
optimization must be high, and load balancing must happen effectively. Handover is the
technique for switching user network connection from one BS to another, and load bal-
ancing is sharing the network from congested BS to neighboring ones. Various existing
techniques were used tomake handover decisions and to implement load-balancing tech-
niques. The previously usedmethods could not resolve high call drop rates, signal fading
and ping pong effect. Moreover, implementing the existing algorithm also resulted in a
high signal cost and increased memory usage. Thus, the previously proposed algorithms
could not handle the issues while taking handover and load balancing decisions in the
configured system model.
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For increased connectivity, the LTE network combines two or more SON network
functions and automates the handover and load balancing to reduce manual involvement
and make the system error-sensitive. The decision-making process is automated using a
fuzzy logic algorithm, which is efficient and gives relatively high system performance.
This system model was proposed in previously existing methods. When a conflict crite-
rionwas raised, the fuzzy system could not decide to transfer the network using handover
or load balancing. No optimal solution is provided to resolve this conflict; hence, the
user may experience an interruption in the network connection. This proposed model
makes use of an optimization algorithm to overcome this issue. Therefore, this system
presents a novel solution for the conflict state in the fuzzy system and gives an optimal
solution to decide on handover or load balancing.

4 Proposed Model

This study proposes a system model for making decisions between handover and load
balancing using a fuzzy logic algorithm. A powerful setup is created for handoff pro-
cedures in LTE communication. The data can initially be obtained from the network
service providers; this [24] data is analyzed based on our process. This dataset provides
information on user handoff-related data attributes for analysis. In addition to this infor-
mation, based on the generated rules, the fuzzy logic makes decisions even though a
conflict state occurs at a particular rule. This happens while automating handover and
load balancing using SON functions. This model provides optimized decision-making
by using an algorithm that takes control of decision-making between handover and load
balancing. The steps for executing the proposed system model algorithm are shown in
the figure below (Fig. 1).

Figure 1 shows the flow chart of the proposed model where the parameters of the
LTE network are initialized and fed to the input of the fuzzy system. Based on the rules
generated by the fuzzy system, an output based on which handover decision or load
balancing ismade. The rules caused switches to either handover or load balancing state.A
fuzzy systemcannot find an optimal solutionwhen specific rules give a conflict condition.
The use of a Sea Lion optimization algorithm optimizes this state. The algorithm’s fitness
function takes outage probability and traffic of the network as input and gives an outcome.
Based on the fitness value, the decision is made.

4.1 Proposed Fuzzy System

Fuzzy is a term that refers to values which are not fixed or vague. True or false statements
cannot be determined when the situation is encountered. Fuzzy logic has more flexibility
and can be utilized efficiently. In this proposed approach, a fuzzy system is used to
decide whether to take a handover decision or load balancing. The fuzzy system makes
decisions based on the generated rules. The central part of the fuzzy system is based
on the generated rules. The dynamic behavior of the fuzzy system is more efficient in
decision-making. The fuzzy system is rule-based as an IF-THEN strategy.

The proposed work model is based on fuzzy logic considering CBR (Call Block
Rate), BS location, Load and speed to prevent the connection and decide on handover or
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Fig. 1. Flow chart of the proposed model
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load balancing. The single output from the fuzzy system generates rules that connect the
network to handover or load balancing. Where Hy Handover optimization value output
and Ly denotes load balancing offset value. For seamless connectivity of the network,
the handover value must be high. The number of rules is based on a fuzzy input set. The
actions are generated according to the fuzzy set in the table below (Fig. 2).

Fig. 2. Architecture of the fuzzy logic system in the proposed system model

From the Table 1, it is understandable that,

• From Rule 2, if CBR is LOW, BS location is LOW, Load is LOW, and Speed is LOW,
then HANDOVER Appears.

• From Rule 3, if CBR is LOW, BS location is LOW, Load is HIGH, and Speed is
LOW, then HANDOVER Appears.

• From Rule 9, if CBR is HIGH, BS location is LOW, Load is LOW, and Speed is
LOW, then LOAD BALANCING Appears.

• From Rule 10, if CBR is HIGH, BS location is LOW, Load is HIGH, and Speed is
LOW, then LOAD BALANCING Appears.

• From Rule 15, if CBR is HIGH, BS location is HIGH, Load is HIGH, and Speed is
LOW, then LOAD BALANCING Appears.

The fuzzy system faces a conflict state when executing Rules 8, 12 and 16. At this
stage, the fuzzy system could not decide between handover and load balancing. Also,
CBR is low at the handover decision and high at the time of load balancing. When BS
location does not impact the handover decision and the load balancing decision. When
the Speed and load are high, and CBR is low, a conflict state occurs for the first time.
Similarly, conflict occurs for the second time when load and speed are high, and BS
location increases. Likewise, conflict occurs when the load and speed are high, whereas
CBR and BS locations are also high. At the conflict state, the connectivity of the network
decreased. Hence, this study proposed an optimization algorithm to find the decision for
this conflict state.
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Table 1. Rules generated by fuzzy system

Rule No Input1 Input 2 Input 3 Input 4 Output

Call Block Rate BS
location

Load Speed Decision making

1 Low Low Low Low Handover

2 Low Low Low High Handover

3 Low Low High Low Handover

4 Low Low High High Handover

5 Low High Low Low Handover

6 Low High Low High Handover

7 Low High High Low Handover

8 Low High High High Conflict

9 High Low Low Low Load Balancing

10 High Low Low High Load Balancing

11 High Low High Low Load Balancing

12 High Low High High Conflict

13 High High Low Low Load Balancing

14 High High Low High Load Balancing

15 High High High Low Load Balancing

16 High High High High Conflict

4.2 Optimization Technique

This proposedmodel uses a novel Sea Lion Optimization algorithmmethod to overcome
the conflict state in the fuzzy system. This algorithm was proposed based on the Sea
Lion’s hunting behaviours. One of the most intellectual creatures is the sea lion. The sea
lions live in large colonies with thousands of animals. [25]. The ability of sea lions to
adapt swiftly to fish movements is their most important attribute [27]. In other words,
they can detect fish and quickly react to attract them to shallow water along the beach
or the surface of ocean. Furthermore, these creatures possess remarkable senses which
enable animals to locate prey, especially fish, even in the dark of the sea. Their gazes
are forward-facing, letting them to focus on their prey easily. They can, for example,
expand their pupils to let in plenty of visible light for good undersea vision [28]. When
there are a lot of fish around, hunting in groups of sea lions increases the odds of getting
more prey. Sea lions typically chase each other as gathering their meal into small balls
and capturing each other’s prey on the margins [28–30]. The attributes of the sea lion’s
tracking, encircling, and attacking prey are mathematically described in the proposed
model. This method is used to settle conflicts and make decisions about handover and
load balancing.
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4.2.1 Initialization

In the initialization phase, the input parameters are outage probability and throughput.
Outage probability is the receiver power signal obtained, and the throughput is the quan-
tity of data transferred from one BS to another during congestion. It is measured in Gbps
(Gigabytes per second). The input parameters are assigned as OPty as Outagerobability
and Ot is denoted as Throughput.. Also, the output from the fuzzy logic system is given
to the fitness value calculation (Fig. 3).

4.2.2 Fitness Function

The fitness function is calculated by taking outage probability and traffic measure or
throughput as input, and the output value decides whether the state is handover or load
balancing. The fitness function retains a maximum output value to decide handover or
load balancing. If not, then the function repeatedly calculates within a time slot towards
a goal of reaching maximum value. It can be calculated from the formula given below:

Fn = OPbty

OT
(1)

Here, the outage probability can be derived from the equation below,

OPty =
(
1 −

(
1

�(SNR)
+ 1

))
(2)

SNR is Signal to noise ratio, which can be defined as the signal’s power to the noise
signal’s ratio. From Eq. (3), the SNR value can be calculated and using the SNR value,
the outage probability can be calculated by using Eq. (2)

SNR = Ul

Pl
× m × N (3)

Here,Ul Denotes uplink value and Pl denotes Packet loss, andN represents initial Noise
Average value. Throughput can be measured as the number of data units processed in
a given time slot. This is implemented widely in systems ranging from various aspects
of the computer and System to network Organizations. Throughput here is termed for
traffic of the network and can be calculated as

OT = �(Bsl × BW × Log2(1 + Bsl × SNR)) (4)

Bsl is the notation for finding the exact BS location and representsBW represents
Bandwidth. The fitness value calculates the handover or load balancing state decision. If
the decision is made, the function gets terminated, or the fitness function gets repeatedly
executed.

4.2.3 Updating the Current State of the Fitness Solution

The fitness function output updates the current state from conflict to the handover or
load balancing state. The updation of the current process needs a common feature used
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Fig. 3. Flow chart model of Sea Lion optimization algorithm for proposed work

in this algorithm. This is divided into two stages: exploitation and exploration. The
suggested algorithm is a mathematical model inspired by sea lion hunting behavior.
These organisms can exist alone or in groups. Furthermore, these sea lions have different
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phases of hunting behavior such as tracking and racing the prey with their whiskers,
summoning other subgroup members, pursing and surrounding the prey, and attacking
the prey. SLnO, like other optimization approaches, comprises two phases: exploitation
and exploration.

Exploration is defined as a comprehensive look for the best solutions. Furthermore,
exploitation was linked to less searching.

Exploitation Phase
In the phase of exploitation, the joined members modify their locations in light of the
search agent’s best position. In the exploration phase, on the other hand, the locations of
the joined members (search agents) are updated in accordance with the position of the
selected sea lion that has been chosen randomly.

It consists of connecting a constrained area of searching space. This hopes to give a
good solution termed as ‘S’. This phase then intensifies the search in the neighbouringBS
to find the optimal solution. It can also be termed a local search. At first, the search agents
update their current position about a frequently chosen search agent. Also, from the
second instant onwards, the search agent updates their position concerning the optimal
solution as far as possible. A rapid search agent totals the value |C| < 1set to the
exploitation phase. The existing phase’s position was updated using the optimisation
technique in this phase.

−−→
Dist = abs(

−→
2B.

−−−→
SLrnd(t) − −−→

SL(t) (5)

where
−−−→
SLrnd(t) is used here to point a randomly selected sea lion from the present

population. It should be stressed that when the vector “
−→
C ” is bigger than one, this

equation is used for detecting the global optimal solution. Because of that, this algorithm
is considered as being a global optimizer.

−→
SL(t + 1) = −−−→

SLrnd − −−→
Dist.

−→
C (6)

The existing phase’s position was updated using the optimisation technique in this
phase.

−→
W =

∣∣∣−→D .
−→y ∗ (t) − −→y (t)

∣∣∣ (7)

where t is the iteration time,−→y (t) is cthe ucurrentpositionand D is the coefficient vector,
the value of −→y ∗ (t) gets updated with each iteration.

−→
D = 2.r (8)

Here, r is the random vector. The value of r varies between 0 and 1. The vector value
decreases from 2 to 0.

Exploration Phase
It consists of connecting a much greater area of the search space and the expectation
of identifying another encouraging solution that can also be refined. This process then
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differentiated the search which helped avoid getting trapped in a local optimum. In the
wild, sea lions hunt for prey by using their whiskers and swimming zigzagging. As a
result, in this investigation, is used with random values. If is higher than one or less than
one, sea lions are forced to migrate away from the intended prey and the sea lion’s leader.
As a result, sea lions are forced to seek for alternative prey.Moreover, it was similar to

the exploitation phase. A rapid search agent selects the more excellent
−→
C > 1 then the

exploration phase is triggered. This phase mainly uses bubble net attacking criteria.

The vector “
−→
C ” in this equation is reduced linearly from “2” to “0” throughout the

expanse of iteration steps for the reason that this reduction drives the leader of the sea
lions into moving in the direction of the current target prey and encircle them.

• If the value of “
−→
C ” is less than one, then the search agent is moving in the direction

of the prey and the other search agents should adjust their locations according to that.

• If the value of “
−→
C ” is greater than one, then the search agent is moving away from

the prey.

• If the value of “
−→
C ” is equal to zero, then the optimal solution has attained which

means that the algorithm terminates at this point. However, if the value of “
−→
C " is

greater than one or less than a negative one, the search agents will move obliquely
away and search for a new cluster to join it.

(t + 1) =
{ −→y ∗ (t) − −→

D
−→
E if

−→
C < 1−→

D .ebl .cos2π l + −→y ∗ (t)if
−→
C ≥ 1

(9)

5 Simulation Analysis

This segment contains the analysis output of the proposed model. The application is
operated in the MATLAB platform, having an Intel(R) Core (TM) i5-3570S CPU pro-
cessor with a speed of 3.10GHz. The input parameters for comparison are Call block
rate, Outage probability, Spectral Efficiency, SNR and Throughput.

The optimizationmetrics analyzed in the proposedmodel areCall BlockRate (CBR),
SNR, Throughput and Outage Probability. The metrics used in the proposed system
model are defined in Table 2 below.

The metrics used to evaluate simulation results are defined in the table above. These
metrics are used for comparison to show the better system performance of the proposed
one than the previous one.

6 Call Block Rate

Call Block Rate (CBR) is compared with load and speed parameters to show the system
performance. The value of CBR decreases with an increase in speed. This graph repre-
sents the comparison of CBR in the range of -80 to -100, and the speed ranges from 50
to 500 kmph (Figs. 4, 5).
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Table 2. Definition of metrics from the proposed model

Evaluation
Metrics

Definition

CBR It helps to balance the load and to preserve the connection quality

SNR Measurement of signal strength concerning noise

Throughput Maximum number of requests per unit of time

Outage
probability

The probability of a communication channel that cannot be terminated

Fig. 4. Comparison between CBR and Speed

The simulation results show that the CBR value reduced with the load increase in
the proposed model. CBR value ranges between -80 to -100 in the graph and the value
of load changes from 0 to 500 kb/. From Fig. 6, we can see that the graph leniently goes
down concerning the increase in load.

7 SNR

Signal to Noise Ratio is the ratio of the desired signal to the noise background. It can be
calculated using Signal Power and Noise Power. It is expressed in dB. (decibels).

From this analyzed result, it is found that the SNR value tends to increase with time
comparatively.

Figure 6 shows that the previous algorithms, like WOA, ABC AND PSO were
compared to the proposed Sea Lion optimization. From this analyzed result, it is found
that the SNR value tends to increase with time comparatively.

Figure 7 shows that the SNR value decreased with the increase in load. SNR varies
in the 0 to 300 decibels range, and Load varies from 0 to 500 kb/S.
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Fig. 5. Comparison between CBR and Load
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Fig. 6. Comparison of SNR value in previous algorithms with the varying Time

Figure 8 shows the graph which compares the SNR value to the speed; the analysis
results in a decreased SNR value with an increase in speed. SNR ranges between 0 to
1000 decibels, and speed varies from 0 to 500 kmph.

8 Throughput

A value indicates the maximum number of transactions per second and the number
generated within a time slot—Fig. 9.
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Fig. 7. Graph that shows a comparison of SNR value with the Load

Fig. 8. SNR and Speed comparison

The analyzed result of the Graphical representation of throughput value concerning
the time in previous algorithms showed. The proposed model’s throughput value is
increased from the previous algorithms. The throughput value ranges from 1.206 to
1.215, and the time value varies between 0 to 100 s.

9 Outage Probability

It is defined as the instant when the user node power decreases below the threshold; it is
said that the user goes out of the coverage area at this instant.
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It shows that the outage probability varies up to 0.999946 in the proposed algorithm
concerning the change in time. In contrast, the previous algorithms show a lower outage
probability concerning an increase in time.

10 Overall Result

The result shows that the proposed systemmodel gives an optimized decision. Themodel
also reduces signal cost and reduces the usage of memory.

Table 3. Listing of values obtained by calculating the performance parameters

Performance Parameters Obtained Values

Call Block Rate Varying Speed 432 kmph

Call Block Rate Varying Load 394 Kbps

Spectrum Efficiency 63 s

SINR By Varying Time 55 s

SINR By Varying Load 345 Kbps

SINR By Varying Speed 468 kmph

Outage Probability 58 s

Throughput 60 s

CBR, throughput, spectral efficiency and outage probability are comparedwithTime,
speed and load. From the existing algorithms, the proposed one is performing better. It
gives increased mobility and system performance.

Hence, Table 3 represents the measure of performance parameters that showed an
optimum critical performance of the proposed system.
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11 Conclusion

The main idea of this model is to optimize the decision-making for an efficient and
continuous connection. This study uses fuzzy logic for making decisions; the decision
was made while analyzing parameters like SNR, throughput and Spectral efficiency.
The fuzzy logic system generates rules by taking CBR, Load, Speed and BS location as
input. The decision for handover or load balancing is made based on this generated rule.
Examining these parameters using two SON functions results in a conflict state. In this
conflicted state, the fuzzy system could not perform the decision-making either handover
or load balancing. At this stage, the fuzzy logic system uses the whale optimization
algorithm to find the exact decision that should be made for a continuous network
connection. Sea Lion optimization algorithm (SLnO) uses a fitness function which takes
Outage probability and throughput as input and gives an output value. This value takes
control of decision-making and proceeds with handover or load balancing. However, the
centralized coordination scheme is prioritization of SON function. This causes the risk
of engrossing by high prioritization. Signal fluctuations may occur in the LTE network
because of conflict conditions, so the network does not obtain optimal solutions. Two
or more SON functions are integrated to overcome these issues in the LTE network by
maintaining proper handover or load balancing decisions.
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Abstract. The article presents a latest literature review on issues related to the
automatic voltage regulators (AVR), conventional methods for voltage regulation,
application, and advancement in Voltage regulation techniques. The article also
includes review of optimization of the AVR with different controllers used by
researchers for efficient performance of the power system. Modern-day power
system networks are intricate plus prone to a number of risks. The networks
are vulnerable to instability because operating a power system is complex and
unreliable. One of these problems is rotor-angle instability, which, if correctly
resolved, could cause system failure. AVR is vital for the operation of power
systems. Automatic voltage regulators are utilised in power systems to keep an
alternator’s terminal voltage at a set point. AVR controls the evenness of the
terminal voltage by adjusting the generator’s exciter voltage. A power system
stabilizer (PSS) is essentially a power oscillation damping (POD) regulator that is
used to increase rotor angle stability. AVR PSSs must be properly designed, which
is a difficult yet necessary process. Several approaches are put out in the literature
for the effective blueprint of PSSs or POD controllers. This provision includes an
up-to-date overview of the AVR and PSS as well as optimisation methods. Based
on this review, it can be imparted that there is plenty of room for developing
AVR and PSS furthermore in a effective and reliable way, pondering quite a lot of
uncertainties that could appear while operating current power systems.

Keywords: PID controller · FOPID · PSO · AI · CS · HDO · SD · HCO ·
TLBO · optimization · automatic voltage regulator

1 Introduction

Voltage regulation is an important part of power generation because it ensures that
voltage levels provided to end consumers are steady and within acceptable ranges. Syn-
chronous generators are critical components of power plants, transmuting mechanical
energy into electrical energy. Technological breakthroughs have resulted in the devel-
opment of numerous strategies and systems to optimise voltage control in synchronous
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generators throughout the years. This article investigates cutting-edge technology for
voltage control for synchronous generators, highlighting formal applications and its
advancement. Field excitation systems are vital for managing synchronous generator
output voltage. These structures have conventionally used direct current (DC) excitation
techniques, such as the brushless excitation structure. Excitation transformer provides
excitation current to rotor windings, and voltage regulation is accomplished by adjusting
the field current. The article is structured asmentioned. Section 1.1 concisely states about
the conventional methods for voltage regulation. Section 2 portrays the advancements
andmathematical modeling of AVR. Section 3 presents the literature review and insights
of various optimisation techniques. Section 4 presents conclusions drawn from various
research articles.

1.1 Conventional Methods for Voltage Regulation

Antiskid AVRs are a means to stipulate constant voltage output from generators. They
are critical for supplying a continuous and safe power supply to electrical equipment
and appliances [1, 2]. Electromechanical Voltage Regulators are the oldest and prevalent
types of AVRs. To change the generator’s field current, they frequently integrate voltage
sensors, microcontrollers, and power electronics like thyristors or IGBTs. PID control
techniques, which stand for proportional-integral-derivative, are universally exploited
in AVR systems. These methods compare the desired and actual voltages to compute
an error signal, and then they modify the field current using proportional, integral, and
derivative terms. Voltage stabilisers are utilised as additional layer of voltage regulation
in addition to AVR systems. These devices can react to voltage changes fast andmaintain
a constant output voltage even while the load is changing. Multiple generators may be
run in parallel under specific circumstances, and their aggregate output is controlled to
maintain a steady voltage. In large-scale power producing plants, this strategy is typical
[3]. The unique application, the kind of generator or transformer, the desired level of
precision, and the available budget all play a role in the decision of which AVR system to
choose. Solid-state and microcontroller-based solutions are frequently used in modern
systems because of their adaptability, effectiveness, and simplicity of digital control and
monitoring system integration. Power stations synchronous generators frequently have
AVRs installed. A generator AVR’s major job is to control the generator’s output voltage
to a fixed set point, making sure it stays within reasonable bounds, often 5% of the
nominal voltage or less. AVRs for generators make it easier for connected generators to
run smoothly and preserve the voltage stability of the power supply. The most popular
controller used for AVR systems is the PID controller, but there is a necessity for added
precise and robust control due to increased demand and elevated dispersion of renewable
energy sources. Table 1 presents the applications of AVR.

2 Advancements in AVRs

Advancements inAVRshave been driven by technological innovations, improved control
algorithms, and the increasing complexity and demands of modern power systems. Dig-
ital control allows for more sophisticated control algorithms and faster response times to
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Table 1. Applications of AVR system

Application Description

Voltage Stability AVRs assist in preventing voltage variances that exceed
permitted limits [3]

Reactive Power Control In addition to regulating voltage, some advanced AVR
systems also control the reactive power output of generators
[4]

Frequency Control While not directly related to voltage regulation, some AVR
systems may also monitor and control the generator’s
frequency [5]

Integration with Control Centers AVR data is usually assimilated into supervisory control and
data acquisition (SCADA) systems, energy management
systems (EMS). This integration allows for centralized
monitoring, control, and optimization of the complete power
grid

voltage fluctuations and load changes. AVR systems are integrated intoWide AreaMon-
itoring and Control systems, which provide a holistic outlook of the entire power grid.
This allows for coordinated voltage control and optimization across multiple generators
and substations in a wide geographical area [1]. AVR systems can be remotely moni-
tored and controlled through communication networks. This enables operators to make
real-time adjustments and diagnose issues without physical access to the equipment
technology has evolved to work seamlessly with energy storage systems, namely batter-
ies and supercapacitors. These structures provide rapid response to voltage fluctuations
and enhance grid stability. Due to the expanding reliance on digital control and commu-
nication, AVR systems have also seen advancements in cybersecurity to safeguard from
cyber threats and ensure the integrity and availability of the control system. As more
distributed energy resources, are integrated into power systems, AVRs are adapting to
manage the challenges of voltage control in decentralized generation environments.
AVR systems are designed to be more energy-efficient, minimizing losses in the voltage
regulation process [2, 4]. This aids to lessen the operational costs and environmental
impact. In the context of grid modernization initiatives, AVRs are evolving to support
the integration of smart grid know-hows, comprising of advanced metering, demand
response, and automation of the grid, for improved grid resilience and efficiency. Some
AVR systems are endowed with predictive maintenance capabilities, utilizing data ana-
lytics and condition monitoring to predict and prevent equipment failures, ensuring high
reliability. Advanced protection features, such as fault detection and rapid shutdown,
are integrated into AVR systems to prevent damage to equipment during voltage distur-
bances or faults. Artificial intelligence (AI) and machine learning are utilised to create
power system dynamics prediction models. These models help PSS predict grid events,
such as voltage instability or oscillations, and adjust control parameters in real-time
to mitigate potential issues. Figure 1 displays a single line model of a single machine
infinite bus (SMIB) system. An excitation system is included with the generator under
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consideration, neglecting line resistance. The load_angle �δ, rotor_speed �ω, inter-
nal_voltage of the generator Eq, field_voltage Efd , internal_voltage of the generator Ed
and electrical_torque Te can be used to represent the fourth-order system comprising of
a generator and exciter.

Fig. 1. Single line representation of a SMIB system [1]

The nonlinear dynamical equations for a synchronous generator in IEEE Model 1.1
are presented as [1].

δ′ = ωBSm (1)

S ′
m = 1

2H
[Tm − Te − DSm] (2)

where, Sm is the slip speed of the rotor, with H as inertia constant, Te and Tm are electri-
cal_torque and mechanical_torque corresponding, and generator’s damping coefficient
is denoted by D.

Generator Electrical Dynamics:

dE′
q

dt
= 1

Tdo′
[
−E′

q + (
xd − x′

d

)
id + Efd

]
(3)

dE′
d

dt
= 1

Tqo′
[
−E′

d +
(
xq − x′

q

)
iq

]
(4)

where, Tdo
′
and Tqo

′
means d_axis and d_axis time constants of transient open-circuit,

correspondingly. xd and xq means d_axis and q_axis reactance of th steady state, corrse-
pondingly. x

′
d and x

′
q denote d_axis and q_axis reactances of transient. E

′
d and E

′
q denote

q_axis and d_axis transient voltages of generator. Te and Tm means electrical_torque
and mechanical_torque, respectively. Linear I-order excitation structure, dynamical
equations can be identified as:

dE
′
fd

dt
= (Vt − Vr)

KE

TE
− KE

TE
E
fd

(5)

Efd symbolises voltage of field_excitation. KE represents gain of excitation system,
TE represents time constant. Vt represents terminal, Vr is the reference voltage of the
synchronous generator.
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Electrical calculations:

id = Ebcosδ − E
′
q

xe + x′
q

(6)

iq = Ebsinδ + E
′
d
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q

(7)
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′
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′
d id (8)
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qiq (9)
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V 2
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d (10)

Te = E
′
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′
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′
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′
q

)
id iq (11)

where iq and id symbolises q_axis and d_axis currents correspondingly, vq and vq stands
for stator voltages q_axis and d_axis correspondingly. Terminal voltage is denoted by
Vt and dependent control Efd .
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K10 = Ebcosδo
X ′
qe

K12 = Vdo

Vto

Xe

X ′
qe

(12)

Two axis model of synchronous machine as in Fig. 2 is considered. The linear
constants K1 to K12 are mentioned in Eq. (12). Transfer function given in Fig. 3 depicts
first order excitation system.

Fig. 2. Linearized illustration of SMIB power system of Model 1.1 IEEE [2].

Fig. 3. Linearized illustration of SMIB power system of IEEE Model 1.1 [2]

At a specific operational point, the AVR and PSS control schemes make use of linear
control theory. When there is a significant disruption, linear control methodologies may
be futile or even endanger the system’s stability. Since design of nonlinear controllers
processes are independent of operating points, this calls for the employment of nonlinear
control methods as a good solution. The two primary nonlinear techniques in power
system works are centered on Lyapunov functions and normal practices [4, 5].

3 Optimization Techniques for AVR

The Proportional Integral Derivative (PID), recurrently chosen controller and is
renowned for its design edifice ease for a vast choice of functioning environments [2],
it is also one of the configurations presented in the literature to control the AVR system.
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[3] has introduced an AVR systems PID plus II order derivative (PIDD2) controller.
With the aid of population-based algorithms or optimisation techniques, the controller
gains are determined to be at their optimal values. A PSO [4] tuned PID controller
for AVR systems. [5] has created the Artificial Bee Colony (ABC) comparative perfor-
mance evaluations. For the objective of tuning a traditional PID controller, Teaching
Learning-Based Optimisation (TLBO) is applied [6]. [7] displays a comparison of two
synchronous machine models (in investigations of transient stability with and without
the Power System Stabilizer (PSS). It offers a look at how power systems recover from
disturbances of various kinds and resume stable or regular performance. In the AVR sys-
tem, [8] introduced a unique tuning scheme for the PID controller utilizing the algorithm
based on flocking of Cuckoo. [9] proposed a novel performance metric to identify PID
controller designs that are elite for an AVR system by means of CS. With the help of
population-inspired algorithms, these cutting-edge swarm intelligence techniques, indi-
viduals work together to produce intelligent behaviours. For optimizing PID controller
gain, [10] proposed an improved whale optimisation algorithm (IWOA) to analyze sta-
bility. TSA bound PID controller [11] adopted to retain the terminal voltage stability
of synchronous generator automated voltage regulators. In comparison to other meth-
ods reported by the researchers for the AVR system, the suggested TSA bound PID
controller imparts better tracking performance and robustness against uncertainties in
system parameters. [12] explained how to compute the best PID factors for an AVR
using a unique optimisation technique called Simulink Design Optimisation (SDO).
[13] introduced a novel technique named Taguchi mixed genetic algorithm to upgrade
step responsiveness of voltage. [14] determines PID controller gains in the AVR sys-
tem utilizing a novel parameter tuning approach centred on Harris Hawk’s Optimisation
(HHO). The AVR system, which is utilised in power system utilities, has been discussed
in [15], along with the difficulties in attaining steady state. Through an enhanced kidney
inspiration algorithm along a goal function, it illustrates a tuning design. Table 2 presents
the insights of the various research papers which are implanted using PID controllers
along with latest optimization techniques.

Ant Lion bound optimisation method is exercised to adjust PIDD2 gains. An AVR
system’s application and examination of a fractional order PID (FOPID) controller
demonstrates how well it works to increase system robustness [16]. [17] examines the
employment of a FOPID controller based on swarm intelligence in AVR systems. [18]
presents the design of a PID controller with fuzzy logic bound voltage control task in the
AVR system. Compromise between the dynamic response features of the [19] supply
an objective function. [20] suggested a novel design technique that combines the use of
genetic algorithms. In order to concurrently achieve global asymptotic stability and volt-
age regulation, [21] proposed a revolutionary Lyapunov-based excitation control (LEC).
[22] discusses the design of AVRController for diesel-based power plants using Routh’s
Criteria Stability Analysis, which suggests method to regulate voltage in response to an
increase in reactive power, [23] illustrates the construction of an artificial neural network
(ANN) based AVR controller.

[24] offers a method that is the most effective for creating a PID-PSS that is reliable
SMIB power system. To create an ideal PID-PSS for enhancing the functioning, the
research also offers straightforward and novel closed loop stability requirements for the
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Table 2. AVR system designed with PID controller and various optimization techniques

Application Description

[8] CS-based PID controller has goal function that significantly enhances the PID
tuning optimisation method

[10] The IWOA AVR system is demonstrates superior transient response and stability
metrics. It also performs robustness analysis of the optimized AVR system by
examining the system response when the generator, exciter, and amplifier’s time
constants are varied

[11] Treeseed Algorithm optimized PID improves the AVR tracking performance as
the load varies and the controller performed better provision for different cases

[12] By introducing disturbances to the amplifier parameter uncertainty and generator
field voltage, the suggested controller’s resilience was confirmed. To validate the
stability of the AVR that is discovered by the conventional investigation, work
suggests a unique stability analysis known as disk-based stability analysis

[13] The Taguchi approach, which makes use of analysis of means, was used to
discover the close to optimal values for the design variables. The two most
important design variables were chosen using an analysis of variance

[14] put forth a fresh method of parameter tuning based on Harris Hawks
Optimisation (HHO) to figure out PID improvements

[15] Self-adaptive algorithm named improved kidney-inspired algorithm (IKA) for
fine regulating the PID, with strong convergence properties and seeks to optimize
the AVR system’s transient responsiveness

same. To replicate the ideal PSS features in the rotor mode, a special non-linear objective
is taken into account [25]. Table 3 presents the insights of the various research papers
which are implanted using FOPID controllers along with latest optimization techniques.

[27] evaluated the working of the proposed technique on 23 benchmark functions,
suggested an improved crow search algorithm (ECSA). [28] offers a PSS and AVR intel-
ligent coordinator structure. The sine-cosine algorithm, a novel evolutionary method, is
deployed to optimize the scaling factors. To increase the AVR system’s resistance to
quite severe disturbances induced together by the load and the set point sides, the author
suggests a state feedback PI-controller with 2DOF [29]. [30] compares and contrasts
five meta-heuristic algorithms to resolve the best way to tune PSSs in a multi-machine
smart power system. Latest optimization approaches have been presented [31]. [32]
explains a novel artificial intelligence (AI) technique for controlling an AVR that makes
use of a neural network enhanced by the slime mould algorithm (SMA). [33] uses a
reformed edition of the grey wolf optimizer and fitness function, the proposed con-
troller’s settings were built and optimized for AVR. It demonstrated robustness in the
presence of externally induced system uncertainty. The suggested controller’s perfor-
mance was tested by simulations utilizing a real-world AVR system. [34] investigates a
nonlinear excitation system based on normal form for SMIB power system’s IV order
synchronous generator model and adopts a SMIB power system to do nonlinear time
domain simulation and eigenvalue analysis. [35] uses a soft computing approach based
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Table 3. AVR system designed with FOPID controller and various optimization techniques

Reference Insights

[16] Ant Lion Optimizer algorithm (ALO), a brand-new population-based
optimisation algorithm, is suggested as a solution to the FOPID controller tuning
issue

[26] In order to enable the designer to assess importance of performance criteria, the
study examines one of the time domain objective functions that has been utilised
in literature

[20] The suggested method has several advantages, such as simple implementation,
consistent convergence characteristics, good computing efficiency, superior
solution to enhance the AVR system’s transient responsiveness

[22] The study emphasizes the significance of advancements in automated control
theory and practise, easier to get performance from dynamic systems and
improve quality

[23] Controller’s potential for enhancing power system transient stability by swiftly
eliminating oscillations has been demonstrated

[24] provides new, straightforward closed-loop stability requirements for SMIB
interval systems, which are then utilised to develop the best PID-PSS for
enhancing SMIB system performance

[25] technique exhibits the ideal PSS features via eigenvalue analysis and exhibits the
robustness of this technique in compared to conventional controllers

on the neural network parasitism-predation algorithm (PPA) to adapt the AVR’s param-
eter acquisition. [36] offered fractional order predictive control methodology for a linear
time-invariant system. To enrich the dynamic output and stability of voltage of many
generators in wide-area multigeneration systems, a modified version of Q-learning tech-
nique has been exhibited [37]. [38] examines the use of a FOPID controller in the AVR,
which gives more accurate control action and control flexibility than a traditional PID
controller.

[39] proposes a unique design approach that uses the Coyote optimisation algorithm
(COA) to optimize a novel objective function and factors of a PIλDND2N 2 controller.
AVR using the predation parasitism (PP) with the forward backpropagation neural net-
work cascaded is exhibited [40]. [41] uses Artificial Ecosystem Optimisation (AEO), a
cutting-edge optimisation technique, to locate the PID controller’s ideal design param-
eters for an AVR. AEO has demonstrated its capacity to obtain ideal solutions quickly
and effectively in terms of precision and time needed for each iteration. Fuzzy Inference
System is adopted to control the AVR system’s parameters is trained, suggested Neu-
roFuzzy Inference System with adaptive technology, customizing a hybrid optimisation
scheme to produce the appropriate dataset required for the fuzzy inferential system’s
training [42]. New Water Cycle Algorithm based on PID regulator employing Integral
Square Error criteria was proposed by [43]. Table 4 presents the insights of the various
research papers which are implanted using AVR and PSS along with latest optimization
techniques.
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Table 4. AVR system and PSS designed with FOPID controller and various optimization
techniques

Reference Insights

[28] To keep the power system from entering an unstable area during severe
disturbances, the suggested intelligent coordinators dynamically revise the gain
values of AVR and PSS

[44] Stability, time-domain, frequency-domain, and two distinct robustness tests
demonstrate the ascendancy of the controller proposed

[34] controller meets the requirements of an ideal voltage regulator by noting that the
rotor and voltage profiles are uncoupled with it in contrast to traditional voltage
regulators

[35] Noted that higher speed and rotor angle performance, with a decrease in
overshoot, of the suggested PPA-CFBNN technique

[36] Using numerical simulations to compares the performance of the proposed
FO-MPC with the traditional MPC. Assess the suggested FO-MPC method’s
effectiveness and superiority in managing the AVR system

[38] Demonstrates the improved performance of the suggested technique, it is
compared to various AI-based systems found in recent research

[40] Enhances the performance of the AVR on a single machine system, the study
combines PPA approaches utilising a cascade-forward backpropagation neural
network

[41] There is no comparison of the suggested AEO algorithm’s performance or speed
with that of other widely used algorithms in the study

[43] The adoption of Communication Time Delays with AVR is strongly advised by
this research for improved voltage control and durability. In order to identify the
dominance, NWCA PID performance is paralleled with PSOPI, GWOPID, and
MFOPID approaches

4 Conclusion

These advancements in AVR technology are crucial for ensuring the stability and relia-
bility of power systems in an era of increasing complexity, renewable energy integration,
and digitalization. They enable power utilities and operators to better manage voltage
regulation and respond to the changing dynamics of modern electrical grids. In the latest
review papers on optimization techniques used in automatic voltage regulator (AVR)
systems, several significant conclusions can be drawn. These papers showcase the wide
range of optimization techniques applied in AVR systems, including classical methods
like PID control and more advanced approaches such as genetic algorithms, fuzzy logic,
and artificial neural networks. Review papers often highlight trade-offs between dif-
ferent optimization techniques. Due to the increasing assimilation of renewable energy
resources, the role of optimization in AVR becomes even more critical. Optimization
algorithms can help manage the variability of renewable generation and maintain grid
stability. These reviews typically suggest future research directions, including the need
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for hybrid optimization approaches, improvedmodeling of power systems, and the devel-
opment of intelligent AVR systems capable of self-learning and adaptation. The choice
of optimization techniques for AVR can depend on various factors, including the spe-
cific application, system complexity, and performance requirements. PID controllers
are extensively incorporated into AVR due to their simplicity and effectiveness. Opti-
mal Control Techniques, Genetic Algorithms are used for tuning controller parameters
in AVR systems. They are particularly effective when dealing with nonlinearities and
complex system dynamics. ANNs, including deep learning approaches, can learn com-
plex patterns from data and adapt to various operating conditions. Combining multiple
optimization techniques can provide robustness and performance improvements.
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Abstract. Nowadays most commonly used technology for communication is the
narrowband technology, which got less accuracy over tracking of precise loca-
tion and more chances of signal interference with the same frequency due to
lesser bandwidth. Usage of UWB technology can overcome the above mentioned
problems. This article discusses the implementation of UWB filter bank receiver
front-end in FPGA, which serves the purpose in short range communication and
accurate ranging. The receiver architecture consists of a filter bank followed by
a down conversion stage that relaxes the analog-to-digital converter requirements
in terms of input analog bandwidth. The methodology followed here is to design
receiver’s architecture in Simulink, conversion of Simulink model to HDL code,
and verifying the same using Xilinx. Finally the HDL code is downloaded in
FPGA, which imitates the functionality of filter bank receiver architecture. Fur-
ther, output of receiver can be fed to ADCs, upon performing some DSP on ADC
output, location of an object or a person can be tracked.

Keywords: UWB filter bank · down conversion · Simulink model · HDL code ·
Xilinx · FPGA · ADC · DSP

1 Introduction

Ultra-wideband, or UWB, is a short-range radio frequency technology that can be used
for wireless communication and is extremely capable of accurate detection of asset,
device, and person location. UWB is a communication system that uses radio waves
to transfer data between devices, just as Bluetooth and Wi-Fi. It accomplishes this by
using sub-nanosecond pulses across “ultra-wide” range of frequencies. A UWB signal
is defined as the one that has a bandwidth of more than 20% of its center frequency
or more than 500MHz. Because the signal has a greater bandwidth, a UWB system
is more resistant to multipath propagation and narrowband interferences, which only
affect a small portion of the spectrum. This technology has a very fine time resolution,
making it a strong contender for localization and range applications. In 2002, the Amer-
ican Federal Communications Commission (FCC) set a frequency spectrum for UWB
communications ranging from 3.1 to 10.6 GHz [6].

Ultra-Wideband (UWB) communications are steadily gaining traction around the
world, and several nations’ governments have established frequency bands and operating
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guidelines. Two of the various technologies available on the market to obtain a UWB
signal are largely favored in recent standardization work, namely Orthogonal Frequency
Division Multiplexing (OFDM) and also the Impulse Radio (IR).

On the one hand, IEEE 802.15 is a standard that defines a UWB signal that is
supported by OFDM, which consists of a large number of digitally-generated thin sub-
carriers. On the other hand, the IEEE 802.15.4a standard defines a UWB signal that
supports short-duration pulses, a technique known as IR. Apart from the technologies
covered by standards, various modulation strategies for UWB are being proposed, such
as frequency modulated UWB or IR transmittal, as well as even shorter, sub-nanosecond
pulses.

UWB is currently attracting a lot of attention and is a hot topic in business and
academia. UWB technology enables high-speed interconnects in devices throughout the
digital home and workplace to have the convenience and quality of wireless communica-
tions.Wireless personal space networks are designed for short-term use (WPANs), UWB
is the dominant technology for freeing people from wires, allowing for the wireless con-
nection of many devices for the transmission of video, audio, and other high-resolution
data.

It has applications in Communication and sensors which includes high data rate, low
data rate andHome network applications [7]. Also, its major application is in Positioning
and tracking, Radar, 3D location sensing and WBAN [7–9]. In this work, IR based
technique is employed for pulse generation.

Short-range radio technology such as UWB enhances longer-range radio technolo-
gies such as Wi-Fi, WiMAX, and cellular wide-area communications. It is used to send
data from a number of devices to other devices in the immediate vicinity (up to ten
meter or thirty feet). When technical standards are met, UWB devices will function in
spectrumcurrently used by existing radio serviceswithout causing interference, allowing
restricted spectrum resources to be utilizedmore effectively. UWBhas the potential to be
either a substitute for old-fashioned communication or the apex of an older technology,
and both possibilities are possible (Fig. 1).

Fig. 1. UWB specification
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UWB positioning systems use methods that disperse radio energy (across a large
frequency range) with a very low power spectral density. They also rely on transmit-
ting extremely short pulses. By sending more pulses per second, UWB leverages high
pulse repetition rates to boost data throughput and localization accuracy. The technol-
ogy is appropriate for radars and imaging because the lowering of pulse repetition rates
enhances range capability.

There are examples of ultra-wideband technology in various sectors; today, ultra-
wideband technology is predicted to become a highly essential component and has had
a far-reaching impact in computers and several mobile phone firms. Ultra-Wideband
(UWB) technology uses sub-nanosecond pulses. The UWB signal is substantially wider
in the frequency domain with these pulses than with standard communications, which
use narrowband frequency-multiplexed signals.

Instead of broadcasting on discrete frequencies as narrowband wireless transmis-
sion does, UWB communication spreads signals across a very wide bandwidth range.
Although the continuous sinusoidal wave based narrowband transmission is today the
most widely used type of wireless communication, the initial wireless transmission in
1894 was really an impulse based UWB transmission (Fig. 2).

Fig. 2. UWB signal versus traditional narrowband signal

The receiver noise will feature in the low noise amplifier stage, which can give
the required gain for medium range communications. Now, there is a brief history of
ultra-wideband technology in this study, followed by a summary of ultra-wideband
technological aspects that have gained favor in industry.

UWB transmissions cover a significant amount of the spectrum. The FCC defines
power emission restrictions in different frequency bands for various types of UWBappli-
cations to avoid substantial interference with existing customers. Emission restrictions
are measured in equivalent isotopically radiated power (EIRP). Under Part 15 of the
commission’s guidelines, it depicts the spectral mask for indoor and outdoor uses in
the United States. Between 3.1 GHz and 10.6 GHz, a large spectrum up to 7.5 GHz
is available at the EIRP limit of -41.3 dBm/MHz, which becomes the major spectrum
target for most UWB systems.
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When we think of wireless property technology, we usually think of Bluetooth and
Wi-Fi. These technologies, on the other hand, lack the precision, location capabilities,
and frequency security that UWB provides. Although other wireless property technolo-
gies may provide locomote, UWB’s performance is far superior. UWB also works in
a very different part of the spectrum, a pair of complete rings crowded around 4GHz.
Furthermore, UWBwill be compatible with other popular wireless technologies such as
Wi-Fi, Bluetooth, and near-field communication (NFC).

One of the most obvious advantages of UWB is that data packets are sent and
received using a larger portion of the physical layer (PHY). This layer, which is currently
defined by IEEE 802.15.4z, provides an important security extension not available in
other technologies, allowing security measures such as cryptography and random range
generation to be used to prevent intruders from accessing UWB communications.

UWB is still a replacement technology, which means that companies working on
it are just getting started. Samsung could be a member of the FiRa Consortium, which
is focused on encouraging UWB use and developing revisions to UWB standards and
certification procedures to verify capability (Fig. 3).

Fig. 3. FCC spectral mask for UWB systems

There are already a few of fascinating UWB-enabled applications in the Samsung
Galaxy line-up. The use of UWB, for example, improves the new near Share app for
device-to-device file transfers. Near Share automatically lists another UWB-equipped
device at the top of your sharing panel when you simply point your phone at it.
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UWBhas also been included intoSamsung’s SmartThings realize application. People
will find alternative UWB-equipped devices using augmented reality (AR) and intuitive
directions. And, as Samsung announced at its unpacked event on January 14, 2021, the
new Galaxy SmartTag+ supports UWB and can be attached to practically any item,
allowing one to track items that don’t have their own inherent affiliation.

“With UWB and AR finder, the Galaxy SmartTag+ can help you discover your items
with unrivalled accuracy by guiding you to their location,” said Elizabeth Lindstrom of
Samsung’s international Direct to Client Centre. People may also use AR finder on these
UWB-enabled smartphones to drop virtual messages that let other Galaxy smartphone
users know that one requires assistance.

The particular work discussed in this article had been intended for the practical
implementation of a receiver front-end, and ultra-wideband is used for testing the low
data rate communication, and is also used for calculating the ranging. The receiver
architecture comprises of a filter band, followed by a downconverter stage for converting
high frequency signals to low frequency signals, and finally an analog-to-digital (ADC)
converter with input analogue bandwidth requirements. A four-way Wilkinson power
divider and a series of four Gaussian filters were used to create the filter bank.

The articlemainly focuses on the implementation of a UWB receiver front-end based
on a filter bank topology [1]. The RAKE receiver is the optimum choice for receiver
architecture in multipath AWGN channels [10, 11, 12]. It combines a finite number of
signal routes in a coherentmanner to improve the quality of the received signal in terms of
bit error rate (BER). However, in medium range UWB applications, the amount of signal
energy captured by the RAKE receiver greatly depends on the amplitude distribution of
incoming signal paths and the number of fingers in the RAKE.

In outdoor UWB applications, the received energy is dispersed over a vast number
of routes, each of which has a significant amount of energy. This results in a poor perfor-
mance of the RAKE receiver for a moderate number of fingers. However, as mentioned
in [2], filter bank architectures are able to capture more energy from transmitted signals
than RAKE receivers in very dense multi-path environment, boosting the SNR and as a
result, lowering the BER.

The filter bank approach reduces the sampling frequency requirements because of
the bandwidth of each filter and the input analog bandwidth requirements, by using a
down conversion stage.

To examine the functioning of the said architecture, it is implemented in FPGA.
This process involves creating the Simulink model and converting it to HDL code [4,
15] followed by downloading the design to FPGA [4, 13]. Thereby implementing the
architecture in FPGA which is cost effective.

2 Literature Survey

[1] Xavier Artiga described the practical implementation of a receiver front end in
an impulse radio ultra-wideband testbed for low data rate communications and range
in detail in his article. The receiver architecture he proposed consists of a filter bank
followed by a down conversion stage that lowers the ADC’s input analog bandwidth
restrictions. A four-way Wilkinson power divider and a group of four Gaussian filters
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make up this filter bank.Prior to the filter bank, a low noise amplifier stage limits the
receiver noise figure and provides the desired gain for medium range communications.

[2] In his study, AntonioMollfulleda demonstrated that in densemulti-path channels,
a filter bank receiver design for Ultra-wideband impulse radio systems is suitable. This
method is based on the short time Fourier transform’s time-frequency representation
of the received signal. The receiver is made up of an analog component with bandpass
filters, followed by an ADC bank. Under the assumption of synchronized reception, the
filter bank receiver is evaluated in terms of error probability over multi-path channels,
resulting in a closed form formulation of the bit error probability. Even with a moderate
number of filters, simulation results for non-line of sight channels demonstrate that the
proposed receiver’s performance is on the verge of the matched filter bound. The author
had demonstrated a testbed that had been created to provide a practical demonstration
of the FB receiver’s capabilities. The results of the channel estimate measurements
demonstrate that dispersive channels are well captured.

[3] Qin Zhou in his paper he had discussed about the different types of UWB sig-
naling scheme, which are Impulse Radio UWB and MB-OFDM UWB. In his paper he
had mainly focused on IR UWB signaling and he also explained different modulation
techniques required for UWB signaling. He explained about applications and advantages
of the UWB technology in comparison with other technologies. The IR-UWB receiver
based on the energy detection (ED) principle is investigated in the first part of his disser-
tation. A low-power ED receiver with multi-mode operation and flexibility is proposed.
In 90 nm CMOS, the receiver prototype for the 3–5 GHz band is implemented.

[4] Norliza Othmanon field programmable gate arrays (FPGA), her work presents
a simulation analysis of nonlinear dynamic of cardiac excitation based on the Luo
Rudy Phase I (LR-I) model toward numerical solutions of ordinary differential equa-
tions (ODEs) responsible for cardiac excitation. She had designed LR-I model using
Simulink blocks and converted it to HDL code. Verified the code using Co-simulation
and her model was created utilizing the XC6VLX240T FPGA Xilinx Virtex-6 devel-
opment board, which is ideal for solving higher-order ODEs and real-time applications
while consuming little power.

[5] In his work, Tlelo-Cuautled demonstrates procedure for co-simulation. He
explains in detail by giving some examples of co-simulation between: Active-
HDL/Matlab-Simulink, Xilinx System Generator/Matlab-Simulink, and Altera DSP
Builder/Matlab-Simulink.



Implementation of UWB Receiver Front-End in FPGA 187

3 Receiver Architecture

The receiver architecture in [1] has Amplification chain, Power splitters, Filter bank and
Down conversion stage. In our architecture, we had not included amplification stage, as
we assumed that the received signal is not degraded because in our case, the signal not
transmitted through any medium. Since, the filter bank is designed in Simulink, power
splits equally to all branches, hence power splitter is also not included. Therefore, our
architecture consists of filter bank followed by down conversion stage as shown in a
Fig. 4.

Fig. 4. Receiver block diagram

3.1 Filter Bank

The received signal is spread over a large band of frequencies since the sent signal is an
impulse signal of sub-nanoseconds pulse. Filter bank is used in order to split the large
band of frequencies to sub smaller bands. It is made up of four band pass filters, where
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each filters having different center frequency with same bandwidth. These filters were
chosen because they can concentrate energy the most in both the time and frequency
domains, allowing us to get very near to meeting the orthogonality criteria in both
domains. The four filters for this receiver should have the same group delay, allowing
the set of ADCs to sample all of the channels’ pulses at the same time.

3.2 Down Conversion

The sampling frequency of ADC’s are low when compared to the frequency of filtered
signals. So down conversion is done in order tomake the filtered signals suitable forADC
requirements. An envelope detector, such as the one used in [14] is the simplest option
for adapting the incoming signal to the ADC requirements. A diode and a capacitor
are all that is required. However, because the phase information is lost in this instance,
non-coherent energy detection techniques must be used. We eventually opted to employ
a coherent direct down conversion to evaluate both coherent and non-coherent detection
algorithms. We use four local oscillators, four mixers which results in eight separate sig-
nals (in-phase and quadrature components for each channel), and the main disadvantage
of the proposed method is its complexity and power consumption. All these signals are
fed to Low pass filter to meet the conditions of ADC.

4 Implementation

See Fig. 5.

Fig. 5. Block diagram of the implementation
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4.1 Creating a Simulink Model

See Fig. 6.

Fig. 6. UWB Filter bank architecture design in Simulink

We had designed the transmitter, which consists of carrier signal and a pulse gen-
erator. The carrier is the result of sum of sinusoidal signals of different frequencies;
in the model, four DSP sinusoidal signals were examined. The sub-nanosecond pulse
generated from pulse generator is modulated with carrier. In the model, multiplier circuit
acts as a product modulator. Output of multiplier is the transmitted signal.

The received signal is fed to bank of band pass filters, each filters designed to have
same bandwidth but with different centre frequencies. All the bandpass filters should be
designed in such a way that, frequency domain representation of each when it is placed
adjacent to each other, the overall bandwidth should be equal to bandwidth of pulse
signal. In contrast, the filter bank is designed to split the bandwidth of UWB signal. In
the Simulink model in order to convert it into HDL code [4], the block must be digital
in nature. So, the filters are designed as digital filters. Each band pass filters output is
down converted by mixer using local oscillator whose frequency is same as the centre
frequency of BPF. In the model, filters output is given to mixer, instead of using LODSP
sine and cosine signals are used to provide inphase and Quadrature phase components.
The I and Q signals further sent through low pass filter (Fig. 7).
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Fig. 7. Output of Simulink Model

4.2 Simulink Model to HDL Code Conversion

Each and every block used to create a Simulink model must and should support the HDL
code conversion. All the analog blocks are continuous in nature which will not support
the HDL code conversion. Hence, it is not appropriate to use analog blocks in the model.
Therefore, the blocks used in the model should be discrete or digital. In the Simulink
model, carrier used at transmitter is the discrete sinusoidal signal. All the filters used
at receiver end are digital. Using HDL coder application, which is available in latest
version of MATLAB, Simulink model can be converted to VHDL code [4, 15]. In the
process of code generation, initially each block used in Simulink model are converted to
VHDL code as separate modules. And interconnection between the blocks is converted
as a main module, which includes instantiation of modules (blocks in the Simulink).
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Fig. 8. Modelsim blocks generated by Co-Simulation Wizard

4.3 Generated HDL Code Verification

See Fig. 9.

Fig. 9. Behavioral output of Modelsim

The code generated from HDL coder can be verified using Co-Simulation [4, 5,
15, 16]. This application can link the server of Matlab to HDL verifier application. In
our project we had used Modelsim as an HDL simulator. Using Co-Simulation Wizard,
we can create Modelsim blocks where VHDL code is instantiated inside the block.
Modelsim block contains inputs, clock, reset and output pins as shown in Fig. 8. In
addition to these blocks, two other blocks are generated for compiling and simulating
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the code. Designed model includes the input signal, hence it is also converted to VHDL
code. Therefore, the Modelsim block doesn’t have input pin externally other than clock
and reset. The inputs can be given externally to the Modelsim block and outputs can be
viewed using scope.

4.4 Synthesizing HDL Code Using Xilinx

Generated VHDL code is successfully verified using Co-Simulation [4, 15]. The output
of Simulink model matches with Modelsim. Therefore, we can conclude that the gener-
ated code is functional and can be implemented in FPGA. The HDL file is simulated and
synthesized using Xilinx [17]. After synthesizing code has been mapped to RTL. RTL
schematic is shown in the Fig. 10. Based on the number of LUTs required to implement
the model, FPGA type can be selected.

Fig. 10. RTL schematic of Filter bank generated by Xilinx

5 Result and Conclusion

The UWB filter bank architecture designed in Simulink, and it is converted to HDL
code. We can conclude that, the Simulink output matches Modelsim output after using
theCo-Simulation to verify the code.At the end,VHDLcode is synthesized usingXilinx.
Figure 11 shows the output of HDL code which signifies that the code is suitable for
downloading in FPGA. Thereby implementing the Filter bank architecture in FPGA.

This implementation can be used for tracking or positioning the objects by means of
transmitting pulses of sub-nanoseconds with help of carrier, this transmitted signal hits
an object and reflects back. The reflected signal is fed to above filter bank architecture
followed by ADC’s. By performing some DSP for the ADC output exact location of the
object can be tracked. In the same way it can be used for Short-range communication
where transmitted signal is fed to filter bank architecture.
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Fig. 11. Output of converted HDL code

6 Future Scope

The UWB filter bank receiver was constructed up to Low pass filters only, due to the
Simulink block limitations. This can be improved further by adding ADCs to the Low
pass filter’s output. As a result, the digital output can be stored in FPGAs as shown in
architecture in [1]. Using some DSP algorithms, this data can be utilized to analyze the
received signal and also to understand the properties of the received signal. We can trace
the exact distance of the object from which the transmitted signal is reflected back by
performing some DSP on the stored data. It has many varied applications as mentioned
in [7].
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Abstract. Hands-on laboratories are crucial for enhancing students’ career
prospects by enabling them to gain practical experience. However, students often
encounter challenges accessing laboratory facilities outside of regular college
hours. This paper suggests the development of a virtual laboratory (V-lab) to
enhance students’ observational and learning abilities, better preparing them for
the professional environment. V-lab offers comprehensive instructions for con-
ducting experiments, incorporating authentic client inputs. This platform enables
students to engage in experiments related to ML (Machine Learning), signal
processing, and DCOM (Digital Communication). The intelligent web server,
designed for use by 3rd year ECE (Electronics and Communication) students
at VCET, Puttur, has been frequently utilized for conducting experiments in the
Advanced Communication Laboratory and DSP (Digital Signal Processing) Lab-
oratory. This website proves beneficial for students working on projects in the
field of ML, offering comprehensive information on Classification reports, Con-
fusion matrices, and Accuracy in a single step. The V-lab incorporates various
Machine Learning algorithms applied to publicly available datasets such as iris
flowers and lung cancer to assess their utility and effectiveness. The results indi-
cated exceptional performance by all available ML algorithms on these datasets.
To further improve and expand V-lab services, user feedback is actively collected.
Importantly, the website does not need sign-up credentials and is free to use.

Keywords: VLAB · DSP · D-COM · ML

1 Introduction

In the majority of engineering colleges, practical laboratories typically do not operate
around the clock. Occasionally, an engineering enthusiast may feel motivated to delve
into research or experiments to augment their learning. However, time constraints often
hinder their ability to do so. This limitation extends to the institute, as there may not
be a teacher or instructor available to assist and guide students with ongoing lab work
beyond regular college hours.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 195–213, 2025.
https://doi.org/10.1007/978-3-031-75608-5_17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-75608-5_17&domain=pdf
https://doi.org/10.1007/978-3-031-75608-5_17


196 Shivaprasad and A. S. Dinesha

In standard laboratory sessions, students might hesitate to clarify their doubts due
to language barriers. Occasionally, students may struggle to grasp technical concepts
related to a specific experiment due to a lack of prerequisite skills. Furthermore, teach-
ers may inadvertently overlook important topics that need to be covered due to time
constraints.

Students are required to adhere to stringent laboratory etiquette when entering and
exiting the laboratory. As part of the protocol, students must record their entry and exit
times in the attendance ledger maintained for each laboratory session. Additionally, stu-
dents are obligated to submit their observations, records, and responses to viva questions
related to the designated experiments regularly.

Ultimately, students face a drawback in terms of exposure to real-world practi-
cal issues. The absence of hands-on experience can pose a challenge for students in
capitalizing on opportunities at esteemed institutions.

To address the challenges mentioned in most engineering colleges, a system (server)
has been developed. This system accepts valid inputs from students, that are experiment-
dependent, executes them, and provides graphical representations for documentation.
Built on the widely recognized “web development framework Django”, the system han-
dles tests across various streams with Python programming. Integration of HTML, CSS,
and JavaScript enhances the system’s visual appeal and incorporates animation features.
Each experiment in the system encompasses detailed steps, theoretical background, and
instructions supplemented with practical usage examples. Additionally, the server incor-
porates instructional videos demonstrating the proper utilization of available tests with
valid inputs.

1.1 Features of Lakshya V-Lab

1. Accessible resources anytime and anywhere, contingent on reliable internet connec-
tivity.

2. Enables concurrent experimentation by multiple users.
3. Simplicity anduser-friendliness allow for independent experiment executionwithout

the need for instructors.
4. Facilitates swift completion of experiments due to the immediate availability of all

required resources and materials.
5. Requires no prior programming experience.
6. Streamlines the application of Machine Learning algorithms to any datasets.
7. Teachers can introduce new experiments to the server with prior approval from the

system administrator.
8. Particularly beneficial for students who are uncomfortable posing questions to

teachers due to language barriers or feelings of inferiority.
9. Lacks the conventional dos and don’ts associated with physical laboratories.
10. Students enjoy unrestricted access and usage rights for all available experiments

1.2 Mandatory Tools

Mandatory tools used in the design, development, and deployment of the web server
into production include.
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User Interface (UI) framework:

HTML and CSS
To generate forms, buttons, navigation bars, links to external websites, and experiment
sections on a web browser, HTML scripts are employed. CSS scripts are then utilized
to structure HTML elements, alter font styles, separate the page both horizontally and
vertically, resize image objects, manipulate background and foreground colors, etc.

JavaScript
JavaScript is applied to incorporate animations into HTML objects, validate the contents
of forms, and create dynamic web content, among other functionalities.

Backend framework:
Python: In the system, client inputs for each experiment are managed, processed, and
then presented back on the browser through the use of Python programming.

Django: A robust and dependable web framework used for facilitating communica-
tion between the client and server through request and response mechanisms.

NumPy: An effective Python package for data processing, equipped with libraries
to compute Fourier transforms, determine inner and outer products between scalars and
vectors, and design linear algebra problems.

SciPy: A Python package for scientific calculations on data, capable of reading.wav
files and designing both FIR (“Finite Impulse Response”) and IIR (“Infinite Impulse
Response”) filters.

Scikit-learn (Sklearn): A Scikit learn package employed for applying various Machine
Learning classification algorithms on available datasets.

Pandas: A Python package used to read.csv files and manage missing attributes in
datasets.

Matplotlib: A Python package utilized for data representation, organization, and
visualization.

Mpld3: A Python package employed to display Matplotlib figures on HTML pages,
enhancing the visualization experience.

Web Server:
Apache: Open-source HTTP cross-platform web server to deploy the development

server project onto production.

mod-wsgi:Apachemodule to communicate with Djangowsgi applications with Apache
server for web-hosting.

2 Literature Review

Guerra et al. in [1] discussed the significance of Virtual Laboratories in the realm of
DSP. The article outlines a solution approach for remotely performing DSP tests for both
professors and students. The approach involves the utilization of TMS320C6713 DSK
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and TMDX5505EZDSP boards. However, it’s noted that the system, being hardware-
driven, exhibited a response time of 30 s during algorithm loading. Additionally, in the
event of errors requiring debugging, the recorded response time was 90 s.

Kholoshnia et al. in [2] detailed their objective which was the development of a
virtual laboratory designed for instructing different ML algorithms, complete with visu-
alizations of the execution process. In this laboratory, students have the autonomy to
construct a map of an area in both 2D as well as 3D, dynamically modify it, and experi-
ment with various algorithms to identify the shortest path. The Q-learning reinforcement
learning and NEAT genetic algorithm are employed for determining the shortest path.
The programming languages used for implementing the shortest path-finding method
on a 2D map are C++ and Python. It’s worth noting that the system lacks ML classifiers,
which are fundamental components of machine learning algorithms.

Wahyono et al. detailed the development of an intelligent Virtual Laboratory (VL) in
[3], which possesses the capability to track the proficiency levels of its users. Students
can utilize this Virtual Laboratory based on their achievements in theoretical aspects of
electric machines. VLC-UM employs an AI (Artificial Intelligence) backward chain-
ing method to assess the abilities of students preparing for practical coursework. The
determination of practicum modules accessible to students is accomplished through the
utilization of a forward chaining algorithm. Machine learning techniques are applied to
classify learning materials on the basis of student’s abilities. The reported accuracy of
the system in finding an appropriate module for users was 80%, and in categorizing the
learning materials based on user ability, it achieved an accuracy of 90%.

Alexiadis et al., as described in [4], developed the Virtual Laboratory (V-lab) for mul-
timedia applications called MASTERS. This V-lab incorporates 20 GUIs (“Graphical
User Interfaces”) to facilitate teaching activities related to different DSP notions. The
MASTERSV-lab utilizes “MATLAB”programmingon the server side to handle requests
from clients. However, it’s noted that the system incurred a high initial investment due
to its reliance on licensed MATLAB tools. Furthermore, the MASTERS V-lab is specif-
ically focused on algorithms within the domain of DSP and does not extend its coverage
beyond this area.

Huang et al., as outlined in [5], introduced a Virtual Laboratory for DSP utilizing
LabVIEW. The objective of the paper was to establish serial communication between
TMS320LF2407 DSP and LabVIEW. The SCI (“Serial Communication Interface”) of
TMS320LF2407 DSP and the Serial Communication Control Toolbox of LabVIEW
were employed to facilitate this communication. It’s important to note that the tests
carried out with these tools were limited to the realm of DC motor speed control.

Bean et al., as presented in [6], developed the virtual laboratory LaViCAD for analog
and digital communications. LaViCAD serves as a valuable tool for verifying the perfor-
mance of various communication systems and visualizing signal processing techniques
commonly covered in electrical engineering degree programs. It’s noted that the system
is hardware-driven, resulting in delays and incurring a high initial investment cost. The
LaViCAD lab specifically focuses on algorithms within the domain of communication
systems.

ZoharDvir, as described in [7], proposed amethod for performingDSP that integrates
on-site and distance learning environments. The methodology involves the design and
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implementation of remote-controllable experiments using an oscilloscope andwaveform
generator with network-enabled support through the TCP/IP protocol. In particular, the
Analog Devices EZKIT LITE board is triggered by the Tavor Electronics WW2572
waveform generator. By using an RS232 to LAN adapter to create connectivity, students
may enter test software programs into the EZ-KIT LITE board from remote locations.
However, it’s noted that the ILM (Integrated Learning Methodology) had limitations on
the number of participants who could use it simultaneously.

To address the shortcomings identified in the survey papers mentioned earlier, such
as delays in loading algorithms, debugging delays, high initial investment costs, a limited
number of experiments, and a narrower domain, the Lakshya V-lab was issued.

3 Methodology

In the present section, we explore the explanation behind picking the “Django Web
framework” to develop the V-lab, flowchart, and block diagram of the suggested system.

3.1 Django Web-Framework

1. Django’s syntax is designed to be clear and straightforward, which contributes to
the readability and maintainability of the code. This is particularly advantageous in
collaborative projects and when dealing with complex algorithms.

2. Django comes with robust debugging tools that can help developers identify and
fix issues efficiently. Debugging is a crucial aspect of the development process, and
having effective tools can save significant time and effort.

3. Django is optimized for performance, providing a fast and reliable request/response
cycle. This is essential for web applications that may experience a high volume of
traffic or demand quick response times.

4. Django follows the Model-View-Controller architectural pattern, which enhances
code organization and separation of concerns. This can simplify the development and
maintenance of complex applications

5. Django includes robust HTTP libraries, allowing developers to handle HTTP requests
and responses effectively. This is essential for building web applications that need to
communicate seamlessly with clients.

6. Middleware in Django allows developers to process requests globally before they
reach the viewand responses before, they are sent to the client. This providesflexibility
and customization options for handling various aspects of the application.

7. Leveraging Python’s power is a significant advantage. Python is recognized for its
readability, ease of learning, and versatility. It is generally utilized in scientific com-
puting and data analysis, making it well-suited for domains like DSP, DCOM, and
ML.

3.2 Block Diagram of the Suggested V-Lab Server

Figure 1 below depicts the block diagram of the Django web framework applied to
design the V-lab server.
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The user (client) initiates the interaction by sending a request to the web server
for the home page of the V-lab. The URL module of the Django framework collects
and processes incoming requests. It determines the appropriate view (handler) on the
basis of the authenticated match. The View module processes the request and acts as
an intermediary between the client and the database (Model). It communicates with the
database to fetch the necessary data. The View module identifies the required templates
(JS, CSS, HTML) for rendering and sends the response back to the client. The Model
interacts with the database to retrieve or update data as needed by the View. It plays a
vital role in managing the application’s data and business logic. The client receives the
response from the server, displaying the V-lab home page.

Experiment Interaction: The client enters details to conduct experiments through the
provided interface on the home page. Each test on the server homepage has correspond-
ing technique handlers, which are Python-based functions. These handlers obtain data,
process it, and send back corresponding solutions to the client. The Template module
includes HTML, CSS, and JavaScript codes. Python functions render these templates
to generate dynamic content for the web pages. Data is sent from the Python environ-
ment to the HTML page using jinja-based code snippets. This enables dynamic content
rendering based on data processed by Python functions.

Python program-based figures are shown on the HTML page by using the Mpld3
package. This allows for the integration of interactive and dynamic visualizations
generated by Python onto the web interface [8].

Fig. 1. Django Web framework-based V-Lab

3.3 The Proposed Method’s Flow Chart

The V-Lab Server/Client system flowchart is shown in Fig. 2 below. The client sends the
server a request for HTTP. The server’s URL module uses regular expression program-
ming to authenticate thematch request. The viewmodule processes the sent authenticated
request, generating the required templates, aggregating themodels, and forwarding them
to the client. Until the application is closed, the request/reply cycle is repeated.

4 Methods and Computation

This segment presents a selection of valuable algorithms that are seldom integrated into
web servers for data processing.
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Fig. 2. V-lab server/client system

4.1 Eight-Point Radix2 Decimation in Time Fast Fourier Transform Method

(i) Break down the 8-point time domain sequence into two 4-point sequences based
on even & odd indexing. Express the 8-point Discrete Fourier Transform (DFT) as
derived from two 4-point DFTs as outlined below

Z(r) = X 1(r) + Tr
NX 2(r) (1)

Z(r + 4) = X 1(r + 4) − Tr
NX 2(r + 4) (2)

where X1(r) and X2(r) are four-point Discrete Fourier Transform.

(b) Break down the 4-point sequences into two 2-point sequences using even and odd
indexing. Illustrate the 4-point Discrete Fourier Transform (DFT) by combining two
2-point DFTs, as depicted below.

X 1(r) = X 3(r) + Tr
N
2
X 4(r) (3)

X 1(r + 2) = X 3(r + 2) − Tr
N
2
X 4(r + 2) (4)

X 2(r) = X 5(r) + Tr
N
2
X 6(r) (5)

X 2(r + 2) = X 5(r + 2) − Tr
N
2
X 6(r + 2) (6)

(iii) Finally determine two-point DFT’s X3(r), X4(r), X5(r) and X6(r) [9].
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4.2 Overlap Add Method Algorithm

Inputs available x(n), h(n), and block size N.

(i) Add L-1 zeros to the sequence h(n) to extend its length to N, here N = L + M −
1, and M is the length of h(n).

(ii) Break down the sequence x(n) into x1(n), x2(n), x3(n), and so forth. To derive x1(n),
extract the initial L samples of x(n) and append (M-1) zeros at the end. Likewise,
obtain x2(n) by taking the next L samples of x(n) and padding (M-1) zeros at the
end. Repeat this process until all samples of x(n) have been covered.

(iii) Compute the circular convolution between x1(n) and h(n) and denote the result as
y1(n).

(iv) Iterate over (iii) to compute y2(n), y3(n) and so forth.
(v) Sum up the last (M-1) samples of each output sequence with the first (M-1) samples

of the succeeding output sequences. Arrange the remaining samples sequentially
to obtain the final sequence [9].

4.3 DWT Level-1 Decomposition Using Db1 Wavelet

(i) The time-domain sequence x1(m) undergoes filtering with both Low Pass and High
Pass filters. Low Pass filtering is accomplished using a first-order moving average,
denoted as lpf(m), while High Pass filtering is achieved through a moving difference
filter, denoted as hpf(m). The respective responses of these filters are indicated below
[10].

ylpf (m) = x1(m) ∗ lpf (m) (7)

yhpf (n) = x1(m) ∗ hpf (m) (8)

(b) The filters’ responses are down-sampled by a factor of two to obtain the final
approximation coefficients and detailed coefficients [10].

apr(m) = Downsample(ylpf (m)) (9)

det(m) = Downsample(yhpf (m)) (10)

4.4 Most Specific Hypothesis Determination Algorithm

Let S signify the hypothesis space, where the hypothesis space encompasses a set of
hypotheses (denoted as s) that are consistent with the target value. I represent the instance
space, where i’s are instances of I.
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(i). Assign the hypothesis set s to the most specific hypothesis in H. 

(ii). As long as every positive instance in i

As long as every attribute value vi in s

If the attribute value vi is consistent with i

No changes in s

Otherwise, update vi in s by the more common attribute value that is consistent

with i

(iii) List the hypothesis s [12].

5 Experiment Conduction Using V-Lab

This segment furnishes a detailed, step-by-step procedure for conducting experiments
in the domains of DSP, DCOM, & ML.

5.1 Basic DSP Experiments

(1) Visit Lakshya vcetputtur website, Fig. 3 shows the server home page. Select DSP
exp, swipe to Basic DSP, and choose Convolution.

Fig. 3. V-lab server homepage

(B) Under the convolution user interface section, provide the sequences x1(m)= [1,1,1]
and x2(m) = [1,1,1] as revealed below in Fig. 4 and hit the submit button.

(C) The outcome of linear and circular convolution with the essential graph is furnished
back to the user for verification and observations, as shown below in Fig. 5 [13–16].



204 Shivaprasad and A. S. Dinesha

Fig. 4. Convolution user interface

Fig. 5. Linear and Circular convolution outcomes

5.2 Advanced DSP Experiments

(1) Under the homepage of Lakshya, mouse over on DSP exp, swipe over to Advance
DSP, and choose MFCC.

(2) Under the Mel frequency cepstrum coefficients user interface segment shown in
Fig. 6, provide the information about the speech file to manipulate, block size, the
proportionality of overlap in the block, and total filter banks to process the data.

(C) The outcome of the Mel frequency cepstrum coefficients algorithm would be fur-
nishedwith a graph, as revealed in Fig. 7. This test shows speech, its informationwith
respect to time and frequency andMel frequency cepstrum coefficients [11, 14–17].

5.3 Digital Communication Experiment Conduction Procedure

(1) Under the Lakshya homepage, mouse over DCOM experiments, and choose PSK
(“Phase Shift Keying”) modulation.
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Fig. 6. Mel frequency cepstrum coefficient user interface

Fig. 7. Speech envelope, Time-frequency information of speech, and Mel frequency coefficients

(2) Under the PSK modulation user interface segment shown in Fig. 8, provide the data
including Fs, Fc, Tb, and total run time, and submit the form.

(3) Phase shift keying modulated waveform together with input data and modulating
data is furnished as shown in Fig. 9 [14–16, 18].

5.4 ML Classifier Experiment Conduction Procedure

(1) Under the server homepage, mouse over on ML Classifiers, and choose Linear
discriminant analysis.

(2) Server consists of useful datasets for classification. Choose any dataset file, the file
should be of.csv file type, and enter submit to initiate processing as shown in Fig. 10
below.
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Fig. 8. Phase shift keying user interface

Fig. 9. Data, Modulating data, and Phase shift keying data

(C) Accuracy scores including precision, recall, and f1-score are displayed. The lung
cancer dataset is used for classification, Fig. 11 below shows the accuracy report
provided by the server

(D) ConfusionMetrics and Testing data set accuracy utilized on the lung cancer Dataset,
redirected by the server is revealed in Fig. 12 [19, 20].

6 Findings and Discourse

This section examines how severalML techniques available in VLab are compared using
datasets related to cancer and iris.
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Fig. 10. LDA user interface

Fig. 11. Accuracy metrics on Lung cancer Dataset

Fig. 12. Confusion Matrix and Accuracy of Lung cancer data
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6.1 Utilization of Diverse ML Algorithms on the Iris Dataset for the Purpose
of Comparisons

In the segment, the V-Lab machine learning classifiers are employed on the iris dataset,
and the performancemetrics provided usingML classifiers are documented. Petal width,
petal length, sepal length, and sepal width are the four features of the iris flower that are
represented in the 150 cases that make up the dataset. The dataset can be obtained for
download [21]. The dataset has 140x4 = 600 values in total. The training and testing
sets of the dataset are divided, and the ratios of testing to training are set at 80:20, 75:25,
and 70:30, respectively [19].

Table 1 and Fig. 13 Illustrate the accuracy of the testing dataset, computed with
different ML classifiers used for the iris flower dataset, with varying sizes for the testing
dataset.

Fig. 13. Sample size versus accuracy viewed on Iris Dataset

6.2 Utilization of Diverse ML Algorithms on the Lung Cancer Dataset
for the Purpose of Comparisons

In this segment, V-Lab Machine learning classifiers are deployed on a dataset related to
factors influencing lung cancer. The dataset is accessible for download, and the per-
formance metrics provided by ML classifiers are documented [22]. Comprising 15
attributes, the dataset encompasses 309 instances. Among these instances, 270 pertain
to patients with cancer, while 39 instances represent patients without cancer. The dataset
is partitioned into training and testing sets, with the training-to-testing ratio configured
at 80:20, 75:25, and 70:30, respectively [19].

The accuracy of the testing data set, as determined by applying different machine
learning classifiers to the lung cancer dataset with varying testing dataset sizes, is shown
in Table 2 and Fig. 14 below.
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Table 2. Performance evaluation of ML Algorithms applied to the lung cancer dataset

ML Algorithm Accuracy
Sample strength (0.2)

Accuracy
Sample strength (0.25)

Accuracy
Sample strength (0.3)

LR 95 93 90

K-Nearest neighbor 85 92 87

RF 79 89 90

DT 93 84 87

Linear Discriminant
Analysis

90 92 91

SVM (linear) 93 90 92

SVM (RBF) 93 85 84

Fig. 14. Sample size versus accuracy viewed on the Cancer dataset

6.3 Student Evaluation and Impact Analysis

In this segment, an evaluation is conducted on students’ feedback regarding the V-lab
tool and its effect on the VTU (Visvesvaraya Technological University) end-semester
exam for the Digital Signal Processing (DSP) course during the academic year 2021–22.

The primary objective was to solve the DSP course and DSP Lab. V-Lab comprehen-
sively covered all the tests outlined in the DSP Lab curriculum. Furthermore, it included
essential DSP algorithms integral to the course, such as the overlap-add/save technique,
DIF-FFT, Circular convolution, Radix-2 DIT-FFT, and Linear convolution using DFT&
IDFT.

The noteworthy outcome of this implementation is the attainment of a 100% pass
rate in both the DSP course and DSP Lab in the academic year 2021–22. This success
suggests a positive impact of V-Lab on the student’s understanding and performance in
DSP-related studies.

Table 3 and Fig. 15 contain questions and corresponding ratings given by third-year
Electronics and Communication (EC) students during the academic year 2021–22. A
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Table 1. Performance evaluation of ML Algorithms applied to the iris flower dataset

ML Algorithm Accuracy
Sample strength (0.2)

Accuracy
Sample strength (0.25)

Accuracy
Sample strength (0.3)

LR 97 97 96

K-Nearest neighbor 90 100 91

RF 93 97 95

DT 93 95 96

Linear Discriminant
Analysis

100 92 100

SVM (“Support Vector
Machine”) (linear)

100 97 97

(continued)

Table 1. (continued)

ML Algorithm Accuracy
Sample strength (0.2)

Accuracy
Sample strength (0.25)

Accuracy
Sample strength (0.3)

SVM (RBF) 100 95 98

total of 32 pre-final students participated in V-lab sessions and contributed feedback to
enhance the tool. This feedback from students is valuable for ongoing improvements and
optimizations of the V-lab tool to better meet the educational needs and expectations of
the users.

7 Conclusions

The suggested V-lab server to enhance the practical knowledge of students in the Elec-
tronics and Communication (EC) stream. It allows students to engage with the tool
beyond regular laboratory hours, providing a flexible and accessible platform for prac-
tical learning. All experiments pertaining to Digital Signal Processing (DSP), Digi-
tal Communication (DCOM), and Machine Learning (ML) streams can be efficiently
conducted within an hour, yielding prompt results.

The V-lab not only facilitates quick experimentation but also motivates students to
undertake projects in the field ofMachine Learning. It offers essential analytical metrics,
including the ConfusionMatrix, Classification Report, Actual Class vs. Predicted Class,
along Testing Dataset Accuracy. This feature enables students to assess the effectiveness
of various ML classifiers without requiring a strong programming background.

Furthermore, to ensure the preservation of data for future analysis, the V-lab allows
users to store critical information such as the Classification Report and Actual versus
Predicted Label Classes in formats like Excel or PDF.
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Table 3. Questions versus Rating.

Questions 1 2 3 4 5 AVG

(i) The features of the V-Lab GUI
are designed to be user-friendly
and straightforward, ensuring
ease of use for the users

- - - 3 29 4.93

(ii) Experiments concerned DSP Lab
are covered effectively

- - - 1 31 4.93

(ii) Your ability to learn and observe
was improved by V-Lab

- - 3 1 28 4.81

(iv) The incremental results obtained
through the overlap-add and
overlap-save methods played a
crucial role in identifying and
correcting errors that may have
occurred during manual
calculations

- - 1 3 28 4.81

(v) The incremental results obtained
through the Radix-2 DIT and
Rasix-2 DIF FFT methods
played a crucial role in
identifying and correcting errors
that may have occurred during
manual calculations

- - 2 2 28 4.78

“1-Very Poor; 2-Poor 3-Satisfactory; 4-Good; 5-Excellent”

Fig. 15. Feedback report
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The effect of the developed tool was assessed by collecting feedback from users,
and the responses indicate that students who utilized the V-lab for experimentation
found it highly useful for their curriculum. This positive reception suggests that the tool
effectively contributes to the learning students experience in the EC stream.
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Abstract. Herein, a novel methodology MVCNN for real-time human fall event
detection in the compressed domain of videos using motion vectors (MV) and
revampedYOLOv3usingCNN.Thevideos inMPEG-4 andH.264compressionare
considered for the present study. Any video source without any prior setup could
be considered by adapting the proposed method to various video codecs and cam-
era settings. Existing algorithms for human fall event detection in a compressed
domain video have some limitations in this regard such as (i) requirement of
keyframes at a fixed interval, (ii) usage of P frames only, and (iii) support for
a single codec only. These limitations are overcome in the proposed method by
using arbitrary keyframe intervals, using both P andB frames, and supportingmore
than one codec, e.g.MPEG-4 and H.264 codecs. The experimentation is carried
out using the benchmark datasets, namely, Le2i, UR, and Multiple Cameras Fall
Event Datasets. The fall event detection accuracy of the proposed method in the
compressed domain is found to be comparable to that observed in raw video data
by using other recent methods. The proposed method outperforms other methods
in the literature on the compressed domain by significantly improving the fall
event detection inference in the compressed domain.

Keywords: Convolution Neural Network · Video Processing · Data
Association · Motion Vector

1 Introduction

Fall events during human activities are of common occurrence with significant concern.
Injuries caused during the fall events are often related to death of senior citizens and
some patients [1]. Fall event detection is vital for the safety of the children, elderly and
patients in solo indoor and crowded outdoor scenes. Video surveillance of such scenes is
one of the effective technological means of dealing with this kind of security concerns.

Video analytics is one of the promising computer vision approaches for human
activity detection. Videos provide rich information, including time-based steadiness in
successive frames, which are utilized in groups for enriching data analysis. In the video
analytics field, two popular network architectures, namely, two-stream ConvNet [2–4]
and 3D-CNN [5–7], are often employed for video processing. To analyze the temporal

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 217–234, 2025.
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information, the two-stream ConvNet uses decoded RGB video frames and optical flow.
The task of extracting optical flow consumes more time out of the overall pre-processing
time. In the 3D-CNN, the temporal information is analyzed using spatio-temporal filters,
but the large number of parameters involved in the 3D convolution operation lowers the
inference speed. To overcome these limitations, the recent tendency in analyzing video
is to use the transformers [8–12], which achieve better results.

In recent years, video analytics in the compressed domain has received much atten-
tion of several researchers [13–17], which established the advantages of taking video
input directly from the compressed domain. These methods work on motion vectors and
residuals, which have half the time complexity in comparison with optical flow meth-
ods and yet yield viable results [14]. Wu et al. [16] have developed a method, namely,
CoViAR, for action recognition based on deep learning in compressed videos. Herein,
three different 2D-CNNs are used, one each for training with each of the three types of
data, namely, the I-frame, and the P-frame with the residuals and motion vectors, in the
compressed domain. In order to enhance performance, optical flow is also accounted,
which essentially decodes the video for the purpose of extracting the desired optic flow,
and thus defeats the main advantage of operating directly in the compressed domain
itself. Further, it enhances the computational cost in terms of memory space and time,
since each optical flow frame computation time required is in the range 20–80 ms. In
[18, 19], the knowledge learnt in optical flow is transferred by correlating the optical
flow and motion vectors. In [9], the DMC-Net, which is an improvement over CoViAR,
is proposed for motion vector noise reduction by employing a lightweight generator
and capturing finer motion details, wherein optical flow computations are avoided and
thus significantly reduce the computation time. As in CoViAR, the DMC-Net also uses
multiple 2D-CNN models, one each for each of the different modalities.

In the literature, several methods for detection of human fall event in the compressed
domain videos have been reported. The limitation of these methods arises due to the
usage of a keyframe interval of fixed length and only the P frames, which consequently
reduce the video processing rate and visual quality in the compression domain [20].
Moreover, setting a specific codec, length of keyframe interval, or type of frame might
not be allowed in some video sources.

With a motivation to overcome the observed limitations of the existing methods, it
is proposed to develop a human fall event detection in a compressed domain video data
streaming by employing deep learning techniques. The videos in MPEG-4 and H.264
compression format are considered for the present study. The proposed method com-
prises the spatio-temporal fall event detection using motion vectors, and event track-
ing by revamped YOLO. In every kth frame, the object detector of YOLO produces
bounding boxes for detected objects. As in MVint[18], these boxes are circulated in-
between frames, which depends on the mean or median of motion vectors bounded by
the preceding boxes.

Major improvement in the present work on methodology for fall event detection
in compressed videos over previous works is the flexibility provided in the support for
compressed video analytics with the usage of: (i) key frame intervals of varying size, and
(ii) P as well as B frames. This technique allows for video compression format variations
and thus making it more amenable for application to a variety of real-world scenes. The
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validation of the experimental results of the proposed method is done by performing
detection of fall events in the videos taken from the benchmark video datasets, namely,
Le2i, UR, and Multiple Cameras Fall Event Datasets. The analysis of its performance is
done for different codecs, namely, MPEG-4 and H.264, and frame types, namely, P and
B frames.

The main novel contributions in the present work are summarized as following:

• A fast real-time fall event detection algorithm in the compression domain (MPEG-4 or
H.264) using motion vectors and revamped YOLO v3, which supports (i) keyframes
at intervals of variable length, and (ii) P as well as B frames.

• The validation of the experimental results of MVCNN is done by performing Fall
event action recognition in the videos taken from the benchmark video datasets,
namely, Le2i, UR, andMultiple Cameras Fall Event Datasets, in terms of parameters,
GFLOPS, accuracy and speed.

• Ablation study has been done to analyze the performance of proposed method for
different codecs, namely, MPEG-4 and H.264, and MVCNN variants in comparison
with the state-of-the-art methods.

The paper is organized into five sections. The Sect. 2 contains a survey of the recent
relatedwork. In theSect. 3, the proposed fall event detection algorithm is described. In the
Sect. 4, the experimental results and the algorithm performance analysis are presented.
Finally, in the Sect. 5, the conclusions are given.

2 Related Work

Automatically detecting human fall events of the senior citizens and kids using surveil-
lance cameras is one of the significant issues for home/public health care in solo scenes
and crowded scenes. Present fall event detectionmethodsdependon specifically designed
wearable or portable devices, which could be in convenient for elderly people to wear or
carry on their person all the time. One of the promising techniques for visual surveillance
applications is computer vision. These techniques are widely used in many computer-
assisted visual tasks such as object tracking, event detection, personal identification,
and behavior understanding and description, etc., due to the affordable video cameras.
Research efforts have been carried out for achieving computer vision-based detection
of fall events and other events in compressed video analytics [21–24]. In [22], a method
was developed to detect fall events in a compressed domain using a portion of the
video, assuming events are happening in discontinuities in a motion field. In [23], object
tracking in a video captured by an Omni-directional camera is done using the Gaussian
mixture model (GMM) for fall events classifier.

2.1 Video Compression

Digital video compression achieves reduction in the number of bits per frame of a video
by removing spatial as well as temporal redundancies and thus transforming the video
to a form suitable for its efficient storage and transmission. In video codecs, a video is
split into a sequence of frames, which comprises an Intra frame (I-frame) followed by a
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sequence of inter frames (P- or B-frames). Herein, I-frame is a self-containedRGB frame
with full visual representation, while P-frames or B-frames only represent the changes
that occur with respect to the preceding frame. The data representation in P-frames are
the motion vectors and in B-frames the residuals. Motion vectors denote the shift of a
block of pixels in a frame to the corresponding region in its next frame. The residual
denotes the error of the motion prediction.

2.2 Solitary Scene Fall Event Detection

Most existing methods have used handcrafted features and traditional machine learning
techniques for fall event detection till now [1, 26]. In comparison with other events,
fall events are characterized by significant changes in the posture of the falling object
and higher speed of these changes during occurrence of the event. Vishwakarma et al.
[42] devised a method based on posture changes in the object based on the concept
of finite state machine. Herein the aspect ratio is used for state transition in the finite
state machine, the dip angle and gradient of bounding boxes are used for detection
of the fall event. But, more the dependency on the aspect ratio, poorer the robustness
of the method. Chua et al. [43] used angle and distance information to detect the fall
event, wherein the posture state was represented by extracting three critical points that
determine the angle of the connection line and distance relation. Change in posture state
is used for final classification of event. The depth image-based method was proposed
by Stone and Skubic [44], in which the confidence in a fall event is calculated based
on five quantities: velocity, acceleration, ground projection rate, mean and change in
occlusion. This method has the limitation that the operative range of the depth camera is
narrow. Rougier et al. [45] devised a method that uses shape features andMotion History
Image (MHI) for detection of a fall event, which is characterized by the intensity of the
motion based on MHI in combination with the direction of the fitting ellipse. Herein,
good results are obtained because of rich motion history associated with a particular
posture.

Fall event detection based on neural network features has been attempted by some
researchers. In [40], Principal Component Analysis Net (PCANet) is developed for fall
event detection. To extract features and obtain image class labels, Chan et al. [46] used
the PCA network and SVM, and the labels are then employed as the features in the fall
detection process. Wang et al. [41] proposed a fall detection method utilizing features
of HOG, LBP and neural networks, and achieved improvement over PCANet features.

2.3 Detection of Abnormal Event in Crowded Scene

Recently, the focus of researchers is on complex scene abnormal event detection in
a crowded environment [26, 27]. Complex scene-based fall event detection is critical
because of the difficulty in identifying abnormal events in a crowded and complex
scene due to occlusion of the falling object. The main challenge in the crowded and
complex scene is identifying and tracking an individual pedestrian. GAN (Generative
Adversarial Network) based method for abnormal event detection has been proposed by
Ravanbakhsh et al. [30], wherein image difference between the original image and the
matching generated image of different areas was used for abnormal event detection. In
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this method, it can only detect uncommon events caused by nonhuman objects like cars,
bicycles, etc., but the events are not classified. The global features-based method was
proposed by Marsden et al. [29], wherein features such as mean-motion speed, crowd
conflict, collectiveness of crowd, and density of group are used to detect crowd events
detection.

3 Proposed Methodology

3.1 Overview

The proposed approach MVCNN for human action recognition associated with human
fall event in a compressed video is based on revampedYOLOv3 [31] andmotion vectors.
The human fall event considered is the fall of a pedestrian. The compressed domain video
codecs MPEG-4 and H.264 are considered.

Proposed Approach: It has three main stages: fall event action detection, event box
prediction and data association, as shown in the Fig. 1. The process of object tracking
involves two steps: prediction and update. During the event box detection stage, new
actionAt at time t is identified by utilizing the previous actionAt−1 at time t-1 andmotion
vectors M t at time t. In the update step, that is executed on each frame in intervals of
fixed length K, resets the accumulated error and handles the appearing and disappearing
person objects. During update step, fall event action detector, namely, revamped YOLO
v3, detects the action Dt . Detected events having confidence scores above the threshold
θc arematchedwith predicted event boxes inAt in data association stage, where in all pair
wise intersection-over-union (IoU) distances are computed and Hungarian method [22]
for assignment of detected event action to predicted event action through motion vectors
is implemented. Two event boxes are said to be matched if IoU distance between them
is above the threshold value θIoU . The revamped YOLO v3 is trained on compressed
videos, namely, MPEG-4 and H.264.

Revamped YOLO v3: For the fall event action detection step, YOLO v3 framework
[32] is modified by using a compressed VGG network [33] as the front network of
the framework, which realizes the network complexity reduction from 65 Bflops to 39
Bflops. The main target of the algorithm is human fall event detection in a video input.
The usage of very small anchor settings does not affect performance of the detection
algorithm and reclustering the size of anchors is done by using K-Means algorithm.
Further, the complexity is reduced to 34 Bflops by removing the final FPN structure of
the YOLO v3 network because of the targets of larger scale in the front-down camera.
To avoid severe target occlusions, soft–NMS method is used, which performs better
than the traditional non-maximum suppression (NMS) [34]. In soft-NMS method, the
bounding box with IOU greater than the threshold and lower confidence is not removed
directly, instead its confidence is reduced. Thus, in a scene of dense targets, it ensures
the removal of false positives of detected targets correctly and also the reduction of false
negatives.
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3.2 Motion Vectors in Compressed Domain

To reduce the byte size for storage or transmission of a video in compressed domains, the
encoded video contains only a few key frames in full form. Each of the non-key frames,
that are between any pair of consecutive key frames, is segmented into macroblocks and
thenmotion vectors are computedwhich point tomacroblocks having similar appearance
in the subsequent frames (depicted as red arrows in Fig. 2). Thus, reuse of information
from adjacent frames leads to an efficient encoding of the content in a video. In MPEG-
4, each macroblock is of size 16 × 16 pixels, while in H.264, macroblock is of size
varying between4 × 4 and 16 × 16 pixels. Between two consecutive key frames, there
is a sequence of video frames which could be of type P-frame or B-frame. A non-key
frame is of type P-frame when motion vectors have reference only to preceding frames,
whereas it is of type B-frame when motion vectors have references to both preceding
and succeeding frames. The non-key frames in MPEG-4 are only P frames, whereas
the H.264 utilizes P as well as B frames. The motion vectors, which imply the object
motions in a video, assist in visual human action recognition.

The motion vectors are computed in compressed domain videos, say MPEG-4 or
H.264 [20]. In the set M t ⊂ Z10 of motion vectors computed in the frame Ft at time
t, the number |M t | = jt of motion vectors may vary with change in frame. For the
key frames, M t = ∅. Each element mt

j ∈ M t represents a motion vector given by the
ten-tuple

mt
j = (stj, v

t
j,w, vtj,h, x

t
j,src, y

t
j,src, x

t
j,dst, y

t
j,dst, v

t
j,x, v

t
j,y, v

t
j,s) (1)

where the vector’s reference frame Ft+stj has the offset stj with respect to the current
frame Ft . In case of a P vector, stj is negative, while it is positive for a B vector. The
vtj,w and vtj,h denote the width and height, respectively, of the vector’s macroblock. As
illustrated in the Fig. 3, each motion vector in the current frame starts at the center of
its corresponding macroblock (xtj,dst, y

t
j,dst) and points to the center of the macroblock

(xtj,src, y
t
j,src) of similar appearance in the reference frame. The vtj,x and vtj,y denote x-

and y-components of motion vector, after scaling by vtj,s which satisfy giving values for
the components.

xtj,src = �xtj,dst + vtj,x/v
t
j,s�, ytj,src = �ytj,dst + vtj,y/v

t
j,s� (2)

3.3 Handling of Key Frames

In earlier methods for action recognition in the literature, the update step is performed on
key frames only, while action recognition step is on non-keyframes only, since motion
vector computation, that is needed for action recognition, is not done in key frames.
Thus, it requires key frames at intervals of fixed length. However, the proposed method
adopts a novel strategy for action recognition and updation steps, which are scheduled
in regular intervals irrespective of the frame type that is encountered. When a key frame
is encountered in an action recognition step, the motion vectors of its preceding frame
are considered, i.e., set Mt=Mt−1, and then action recognition is performed on it. The
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underlying assumption is that there is not much change in the action performed by the
object in between two consecutive frames, and thus,Mt−1∼=Mt and it could be used for
action recognition in case of a key frame.

3.4 Event Box Prediction

In the event action box prediction stage, the algorithm predicts event action At at time
t based on action At−1 at instant t-1 and motion vectors Mt at time t. The algorithm
computations, which are designed to handle the case ofP frame only or the case of both
P and B frames, comprises the following steps:

a) Construct the subset M̃ t⊂M t of motion vectors having non-zero magnitude:

M̃ t =
{
mt
j ∈ M t |((vtj,x)2 + (vtj,y)

2)1/2 > 0
}

(3)

b) Rescale the x- and y-components of each motion vector mt
j in M̃ t by the temporal

distance stj :

vtj,x = vtj,x/s
t
j, v

t
j,y = vtj,y/s

t
j (4)

c) Apply motion scale vtj,s to obtain the floating-point resolution:

ṽtj,x = vtj,x/v
t
j,s, ṽ

t
j,y = vtj,y/v

t
j,s (5)

d) Compute the new reference points (x̃tj,src, ỹ
t
j,src) of the vectors with respect to rescaled

x- and y-components:

x̃tj,src = xtj,dst + stj ṽ
t
j,x, ỹ

t
j,src = ytj,dst + stj ṽ

t
j,y (6)

e) For each action at−1
i = (xt−1

i , yt−1
i ,wt−1

i , ht−1
i ) in At−1, obtain the subset M

∧t
i of

motion vectors in M̃ t corresponding to new reference points (x̃tj,src, ỹ
t
j,src)

M̂ t
i =

⎧
⎨
⎩
mt
j ∈ M̃ t |x(t−1)

i − (w(t−1)
i )/2 ≤ x̃t(j,src) ≤ xti − 1 + (w(t−1)

i )/2

�y(t−1)
i − (h(t−1)

i )/2 ≤ ỹt(j,src) ≤ y(t−1)
j + (h(t−1)

i )/2

⎫
⎬
⎭ (7)

f) For eachM
∧t

i„ evaluate aggregates (mean or median) μt
i,x and μt

i,y of the components

ṽti,x and ṽti,y of all vectorsm
t
j ∈ M

∧t
i .

g) Predict each new event bounding box ati = (
xti , y

t
i ,w

t
i , h

t
i

)
in At by performing a shift

operation on the center of the corresponding previous event box at−1
i based on the

aggregates μt
i,x and μt

i,y:

xti = xt−1
i + μt

i,x, y
t
i = yt−1

i + μt
i,y,w

t
i = wt−1

i , hti = ht−1
i (8)

Also, in the case when both frame types P and B are used, the above procedure is
adopted after rescaling motion components as in the step (b), wherein the

∏
-rotation

operation is performed on vectors in P so as to make them point in the same direction
as that of the vectors in B. Thus, the vectors in P and B frames are treated in the same
manner during further computations in the subsequent steps.
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4 Results and Discussion

4.1 Datasets

The proposed method (MVCNN) for fall event action detection is experimented using
the publicly available benchmark datasets, namely, Le2i [34], UR [36], and Multiple
Cameras [35] Fall Event Datasets, which have the characteristics as given in the Table 2.
Le2i Fall Detection Dataset has 143 and 48 video clips with fall and without fall events,
respectively, acquired in four types of scenes: home, cafe, office and lecture hall. Mul-
tiple cameras fall dataset has 22 fall events and 2 mixed daily events. The multi-view
synchronization videos can be treated individually as normal fall events dataset as well
as a dataset for 3D scene reconstruction. Unlike these two datasets, the videos in UR
Fall Detection Dataset are acquired through the kinect sensor and, thus, it comprises
synchronized RGB videos and depth videos. Also, UR provides accelerator data as well
as TST data. During these experiments, the evaluation of recognition speed is done in
terms of number of frames per seconds (fps). The dataset is divided in to two sets in
ratio 80:20, one for training and other for testing. The proposed algorithm MVCNN
is executed on the processor Intel core i7 @ 3.7 GHz with 64 GB RAM using Python
implementation on Ubuntu 20.04 platform. During training, each sample video is split
into 20-frame clips following the previous related works. For the MVCNN network,
each frame is resized to 255 X 255. The videos in MPEG-4 domain have, on average,
11 P-frames for every I-frame. The videos in H.264 domain have, on average, 11 P/B
frames for every I-frame.

During inference, each set of random samples comprises 15 clips with 12-frame
sequence (i.e., 1 I-frame followed by 11 P-frames) of MPEG-4 encoded video, while it
comprises 15 clips with 12-frame sequence (i.e., 1 I-frame followed by 11 P/B-frames)
of H.264 encoded video, to test the MVCNN network. Each of these clips is randomly
cropped from the videos in benchmark dataset considered.
Computation Evaluation
For estimating computational requirements in video Fall event action recognition, the
number of GFLOPS involved in one prediction (consisting of multiple data passes) is
determined. For each clip, the proposed MVCNN requires 34 GFLOPS. Since each
video is sampled for 15 clips, the total number of GFLOPS is 34. The time spent for
loading video frames and extracting motion vectors is O(1.5 ms /frame).

4.2 Ablation Study

The ablation study is conducted by considering four aspects as following:

i) Mean and Median of motion vectors
ii) Two different codecs, namely, MPEG-4 and H.264
iii) Comparison of the proposed MVCNN model with the state-of the-art
iv) Performance analysis ofMVCNNby considering three benchmark datasets, namely,

Le2i, UR and Multiple Cameras
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Fig. 1. The Framework of the proposed MVCNN. During Action Recognition, Action At is
recognized using the previous Action At−1 and motion vectors Mt of frameFt . The update step
done on every kth frame involvesAction recognizer running onRGB frameFt+k. Data association
is done using the Hungarian method which matches recognized ActionDt+k from the RGB frame
with predicted Action At+k from motion vectors.

Comparison of mean and median variants of MVCNN
The performance of two variants of the proposed method (MVCNN) implemented on
UR, and Multiple Cameras and Le2i Fall Detection Datasets in MPEG-4 compressed
domain, wherein the first variant uses the arithmetic mean and the second one uses the
median of the vector components, is compared in the Table 2. It is observed that both
the variants perform closely.
Comparison of MVCNN variants in different compression domains
The performance of action recognition of MVCNN (Mean and Median) on UR, and
Multiple Cameras and Le2i Fall Detection Datasets is evaluated for (i) MPEG-4 with
P-frames, (ii) H.264 with P-frames only, and (iii) H.264 with both P and B-frames,
using the metrics, namely, detection F- score (%) and speed (FPS). The results presented
in Table 2 show that the proposed algorithm performs significantly better in MPEG-4
domain with higher event detection F-score and speed than that in H.264 compressed
domain. However, in case of H.264, event detection F-score is marginally improved
when both P and B frames with the median variant are handled rather than only the P
frame, but at the expense of a loss in speed. The detection of fall event action on MPEG-
4 videos is done with higher speed than that on H.264, since the macroblocks in each
frame of H.264 have smaller size than that of MPEG-4 which results in computation of
a higher number of motion vectors in each frame. These observations from results hold
in cases of all the three datasets experimented there upon.
Comparison to with the state-of the-art
In Tables 3, 4, and 5, the proposedMVCNNmethod is compared with the state-of-art on
UR, and Multiple Cameras and Le2i Fall Detection Datase. It is noted that the accuracy
of an fall event action recognition model depends strongly on (i) the architecture, (ii)
the pretraining dataset, and (iii) the clip size. The robustness of the proposed MVCNN
action recognizer in terms of accuracy, parameters, GFLOPS, and speed is demonstrated
by the tabulated experimental results.
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a. b.

Fig. 2. Motion vectors in (a) MPEG-4 frame, and (b) H.264 frame. Borders of macroblock are
white, while motion vectors in P and B frames are red and green, respectively. Macroblocks with
no motion vectors are intra-coded.

Fig. 3. Inter-coded macroblock (with solid boundary) in a P frame (MPEG-4/H.264) at time t
has one motion vector vtj , which points to a sub image with a similar appearance (with dashed

boundary) in the previous frame at time t − stj . In case of H.264, macroblock has motion vector

that points to a sub image with a similar appearance in the next frame at t + stl .

Several observations are drawn based on the results presented in Tables 3, 4, and 5
using only the mean variant of MVCNN on the two different datasets. In comparison
with MEWMA [37] architecture, MVCNN provides an Average Precision gain of +
1.09% on UR. In comparison with Bhandari et al. [38] architecture, MVCNN provides
an Average Precision gain of +4.19%, Average recall gain of +2.14 and F-score gain of
+4.05 on UR. In comparison with Qi Feng et al. [39] architecture, MVCNN provides an
Average Precision gain of +2.89, Average recall gain of +7.34 and F-score gain of +
5.95 on UR. In comparison with Wang S, et al. [40] architecture, MVCNN provides an
Sensitivity gain of +9.46 on Multiple Cameras. In comparison with Wang K, et al. [41]
architecture, MVCNN provides an Sensitivity gain of +4.66 and Specificity gain of +
5.2 on Multiple Cameras. In comparison with Qi Feng, et al. [39] architecture, MVCNN
provides an Sensitivity gain of+6.76 and Specificity gain of+3.7 onMultiple Cameras.
In comparison with A. Kumar [48] architecture,MVCNNprovides anAverage Precision
gain of +9.41 on Multiple Cameras. In comparison with J. Redmon [49] architecture,
MVCNN provides an Average Precision gain of +1.64 on Multiple Cameras. In com-
parison with L. Zhang [50] architecture, MVCNN provides an Average Precision gain of
+1.47 onMultiple Cameras. In comparison with Peng Geng [51] architecture, MVCNN
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provides an Average Precision gain of +0.19 on Multiple Cameras. The sample results
of fall event action detection using proposed algorithm in compressed domainsMPEG-4
and H.264 using UR fall detection dataset, which contains solitary fall event scenarios,
are shown in the Figs.4 and 5. In the Fig. 4, the ‘Walking’ action is identified along
with motion vectors also being extracted. In the Fig. 5, ‘Fallen’ event action is iden-
tified along with motion vectors also being extracted. The sample results of fall event
action detection using proposed algorithm in compressed domains MPEG-4 and H.264
using Multi Camera Fall Detection dataset, are shown in the Figs. 6 and 7. In the Fig. 6,
the ‘Walking’ action is identified along with motion vectors also being extracted. In
Fig. 8 ‘Fallen’ event action is identified along with motion vectors also being extracted.

In all the cases, it is observed that the proposed MVCNN has outperformed other
state of the art methods in terms of enhanced Average Precision, Sensitivity, Specificity,
F-score as well as speed and significantly reduced computational cost in terms of number
of parameters[M], and GFLOPS

a b

Fig. 4. Sample results for UR Fall Detection dataset with ‘walking’ action and corresponding
vectors in (a) MPEG-4 domain and (b) H.264 domain.

Table 1. Characteristics of Datasets, namely,Lie2 Fall[34], Multiple Camera Fall [36] and UR
Fall[35].

Video specs Le2i [34] Multiple Camera [36] UR [35]

Number of Videos 191 192 70

Number of fall videos 143 176 30

Resolution 320 X 240pixels 720 X 480pixels 640 X 480pixels

Frame rate(fps) 25 30 25

Filming scenes solitary solitary solitary
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Table 2. Performance of two variants of the proposed method MVCNN implemented on Le2i
Fall, Multiple Camera Fall and UR Fall datasets in MPEG-4 and H.264 domains Multiple Camera
Fall and UR Fall datasets in MPEG-4 and H.264 domain

Dataset Proposed Method Variants F- Score Speed (FPS)

UR Fall Detection Dataset MVCNN
(Mean, MPEG-4, P)

97.05% 422.0

MVCNN
(Median, MPEG-4, P)

95.0% 276.5

MVCNN
(Mean, H.264, P)

90.25% 179.9

MVCNN
(Median, H.264, P and B)

91.0% 162.4

Multiple Camera Fall Dataset MVCNN
(Mean, MPEG-4, P)

95.25% 319.0

MVCNN
(Median, MPEG-4, P)

92.85% 233.0

MVCNN
(Mean, H.264, P)

90.25% 243.0

MVCNN
(Median, H.264, P and B)

91.3% 224.0

Le2i Fall Detection Dataset MVCNN
(Mean, MPEG-4, P)

91.06% 408.0

MVCNN
(Median, MPEG-4, P)

88.25% 318.0

MVCNN
(Mean, H.264, P)

86.45 145.0

MVCNN
(Median, H.264, P and B)

87.21% 135.0

a b

Fig. 5. Sample results for UR Fall Detection dataset with ‘Fallen’ and ‘Walking’ actions and
corresponding vectors in (a) MPEG-4 domain and (b) H.264 domain.
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Table 3. Performance comparison of proposed method for fall event action detection with other
methods using UR dataset.

Methods Average Precision Average recall F-score

Harrou et al. [37] (MEWMA) 96.6 – –

Bhandari et al. [38] (optical flow) 93.5 96.6 95.0

Qi Feng et al. [39] (Attention guided model) 94.8 91.4 93.1

Proposed (Motion vectors) 97.69 96.74 97.05

Table 4. Performance comparison of proposed method for fall event action detection with other
methods using Multiple Cameras dataset.

Methods Sensitivity Specificity

Wang S, et al. [40] (PCANet) 88.9 98.9

Wang K, et al. [41](combination of features) 93.7 92.0

Qi Feng, et al. [39] (Attention guided model) 91.6 93.5

Proposed (MVCNN) 97.36 96.2

Table 5. Performance comparison of proposed method for fall event action detection with other
methods using Multiple Cameras dataset

Methods Domain Params. [M] GFLOPS Average Precision
(%)

Speed
(FPS)

A. Kumar [48]
(YOLOv1)

Non-Compressed – – 96.33 30

J. Redmon [49]
(YOLOv3)

Non-Compressed – – 97.1 30

L. Zhang [50]
(SSD)

Non-Compressed – – 97.27 30

Peng Geng [51]
(YOLOv3 +
Attention weight)

Non-Compressed – – 98.55 30

Proposed (Motion
vectors +
Revamped
YOLOv3)

Compressed 7.66 34.0 98.74 422
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a b

Fig. 6. Sample results for Multi Camera Fall Detection dataset with ‘walking’ action and
corresponding vectors in (a) MPEG-4 domain and (b) H.264 domain.

a b

Fig. 7. Sample results for Multi Camera Fall Detection dataset with ‘Falling’ action and
corresponding vectors in (a) MPEG-4 domain and (b) H.264 domain.
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a b

Fig. 8. Sample results for Le2i Fall Detection dataset with Fallen actions and corresponding
vectors in (a) MPEG-4 domain and (b) H.264 domain

5 Conclusion

Herein, a novel methodMVCNN is developed for real-time detection of fall event action
in the compressed domain videos, namely, MPEG-4 and H.264, which has flexibility to
deal with videos having key frames with non-uniform intervals and also to consider both
P and B frames. The proposed algorithm is based on revamped YOLO v3 and motion
vectors for target detection and tracking. The proposed algorithm is experimented on
three benchmark datasets, namely, Le2i, UR, andMultiple Cameras Fall Event Datasets.
The analysis of results indicate that the proposed algorithm performs with higher event
detection F-score and speed, which makes it more effective in real-time fall event action
detection in compressed domain as compared to other state of the artmethods. Limitation
of the proposed algorithm is the poor fall event action detection performance for H.264
domain in comparison with MPEG-4; and, this issue would be addressed in future work.
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Abstract. Recognizing particular hand gestures and utilize them to transfer infor-
mation or control things is one of the main objectives of gesture recognition sys-
tem. The proposed system mainly focuses on situations where we multitask, i.e.,
work on various applications or run multiple desktop programs at the same time
while listening to background music playing in one of the windows. Occasionally,
we have to execute particular movements during a stop or change the song, like-
wise opening the music window and carrying out the necessary task. This method
requires considerable time and work to finish. With the music controller, all we
have to do is wave or make a simple hand gesture in front of the webcam to change
or pause a specific piece of music that is playing. This saves time and helps us
stay focused on the task at hand, without requiring switching between multiple
multimedia players.

Keywords: Hand gesture · music controller · convolutional neural network ·
recurrent neural network

1 Introduction

With the use of gestures captured by the camera, users may now control the playback
of music automatically. Automatic music control is the process of controlling music
playback using hand gestures captured by the camera [1]. This device will recognize
hand motions and adjust its actions accordingly, using machine learning and computer
vision algorithms. Physical buttons or controls are not necessary since image processing
and machine learning algorithms provide a new method to engage with music playback.

Using the webcam, this technology captures hand gestures from the user, which are
subsequently processed to recognize certain hand movements. These gestures are then
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classified by machine learning algorithms that have been trained on a dataset of hand
movements. When motion is recognized, the music playback is adjusted by the system.
Having been considered, autonomous music control through the use of machine learning
and image processing techniques is a promising technology that may change the way we
interact with music players. Using a camera to capture an image of the surroundings, the
system can then apply image analysis to extract crucial information such as the number
of individuals in the area, ambient lighting, and overall brightness. The optimal volume
for the music is then chosen once machine learning algorithms have analyzed these
characteristics.

This system can be developed with a variety of machine learning algorithms, such
as support vector machines, decision trees, and artificial neural networks. The system
can also be customized to meet user preferences. For example, the volume level can
be adjusted based on the type of music being played or the time of day. Overall, an
automatic music control system makes it easy and effective to guarantee that music is
played at the right volume, providing a comfortable listening experience for everyone
nearby. Automatic music volume control integrates image processing with MediaPipe
to ensure that the music is always played at the right volume, which can enhance the
user experience.

This technology has the potential to significantly change how music is played in a
variety of settings, which would also increase listeners’ interest and experience. Human-
Computer Interaction (HCI) handmovement recognition could help achieve the required
naturalness and convenience.When interactingwith others, hand gestures—which range
in complexity from simple to complex—serve the function of conveying information.
With a few basic hand motions, one may utilize this technology to play, pause, skip, and
adjust volume. It does this by utilizing sensors and algorithms to detect and interpret
hand movements. Gesture-based music control allows us to effortlessly manage our
music playback while on the go without having to take our phone out of our pocket or
bag.

This technology is a great example of how it may enhance our daily lives and make
them simpler and better for us. Gesture-based music control is changing the way we
interact with technology and our surroundings in this way. Gesture recognition is one
way for a machine to understand body language, and it fosters a deeper relationship
between humans and machines than conventional user interfaces, or even GUIs. When
playingmusic, the play, pause, stop, and next controls are commonly utilized to highlight
creative user interfaces and interaction techniques. Furthermore, a range of capabilities
for controlling music playback have been demonstrated and tested utilizing gesture
recognition algorithms.

2 Related Work

Themost popular techniques for recording hand gestures and carrying out the associated
action are discussed in this section.

Using a real-time webcam display and musical audio as input, Bayd et al. [2] sug-
gested an accurate and efficient playful technique for the automatic marking of the
synchronization of hand gestures and musical rhythms. This makes it possible to check
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a musical piece’s degree of synchronization by tapping fingers in time with the rhythm.
Additionally, an experiment was carried out using four levels of difficulty, varied mixing
levels, and beat pulses added to the music. The findings demonstrate that as difficulty
increases, the synchronization score falls in line with difficulty.

In an effort to determine if indoor nature exploration activities for children aged
three to five could benefit from the use of a program that recognizes the shape of a hand
as an image and runs a virtual mouse, Han et al. [3] conducted an experiment. It was
established in the test on the program’s adult developers that the virtual mouse’s clicks
and motions were naturally processed in accordance with hand movements, but when
the same procedure was done to actual youngsters, an unexpected circumstance arose.
The accuracy dropped as the youngster taking the test’s distance from the camera rose
because the adult and child’s hand sizes were not taken into account. This is due to the
fact that the characteristics of children roaming freely in a large space were not taken
into consideration, in contrast to adults who conduct tests in place. Nonetheless, it was
established that the accuracy decreased with the child’s distance from the camera.

Altayeb [4] presented amethod for detecting and recognizing handmovements using
artificial intelligence based on image processing techniques. The robot arm was tested
under various settings (finger movements, distance, and background colour) in order to
assess accuracy. Each finger was given distinct motions during the finger actions, such
as opening and shutting. Conversely, the hand was detected at various distances in order
to conduct the distance test. The goal of the last test was to identify the hand based
on the various background colours. It should be mentioned that ten repetitions of each
test condition were conducted in order to assess the system’s correctness. According to
experimental findings, the suggested robot arm model using AI-based image process-
ing methods made possible by the MediaPipe and OpenCV libraries has a very good
accuracy.

The findings of the Gupta et al. [5] study offer compelling evidence of the model’s
amazing capacity to predict human hand movements with high accuracy thanks to the
cooperative efforts of MediaPipe and OpenCV algorithms. The training set comprised
a large dataset of more than 3000 images with various letter combinations (A to Z) and
number combinations (1 to 9). The algorithm is important for people with many kinds of
disabilities, such as those who are deaf, silent, or have other difficulties. Through the use
of handgesture detection, the algorithmprovides a usefulmeans of improving connection
and communication for people with special needs. Additionally, the algorithm’s adapt-
ability makes it possible to use it in public places like train stations, airports, and other
gathering places, where it can help create a more welcoming and accessible atmosphere.
Expanding and developing this technology further has the potential to greatly improve
the quality of life for the deaf and mute community. For example, the technique allows
mathematical operations to be visualized as animated hand motions. The animated hand
gestures offer a useful alternative for people who might have trouble with conventional
forms of communication in addition to facilitating understanding and engagement. By
enabling people with special needs to navigate and engage more skillfully in public
settings, such technology can improve their overall experience and independence.

By adjusting the position of their fingertips and selecting their preferred instrument
(conventional instruments like pianos or human voice instruments), users can perform
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music using MoMusic, as demonstrated by Bian et al. [6]. The rhythms and notes pro-
duced by the finger movements are continuously changing to create an exciting melody
because of the uncertainty of the finger trajectory, the variability of the corresponding
sounding area, and the randomness of the chord and note combinations that adhere to the
Probabilistic Chord Progress Model. MoMusic is a motion-based system for creating
music that has a virtual human voice model and a probabilistic chord progression model.
MoMusic allows users to create melodic music with the right finger trajectories. It is
expressive and engaging.

Two models for sign language recognition are proposed in the work of Sreemathy
et al. [7]: SVM with media-pipe and YOLOv4. Using Gramformer, the trained models
were expanded to recognize continuous gestures with great accuracy. Each of these
models has benefits and drawbacks. Since MediaPipe is used to extract hand key points
for gesture detection, the SVMmodelwithMediaPipe is trained quickly but is susceptible
to noise. Although YOLOv4 demands a lot of processing resources, transition gesture
recognition is no longer an issue. Additionally, the suggested model outperformed the
other cutting-edge models when compared to other models, according to comparisons
with other models. Additionally, an expert system that combines the best features of both
models is suggested in order to generate real-time findings that are even more accurate
than they would be taken alone. This system can be put into place in many public areas to
facilitate easy communication between people with disabilities and the general public.

A hand gesture recognizer is made using OpenCV and Python in the Hand Gesture
Recognition project by Mopidevi et al. [8]. They employed the MediaPipe and Ten-
sorflow frameworks, respectively, for the detection and gesture recognition processes.
They have utilized the knowledge of file management, widely used image processing
techniques, neural network foundations, etc., here. The project is a simple example of
how CNN may be applied to solve computer vision problems with high accuracy.

To improve communication between hearing and deaf people, Moustafa et al. [9]
utilize deep learning to detect ArSL from deaf people’s hands in real time. This allows
them to convert signals into alphabets. First, a personal dataset is constructed bygathering
data. Subsequently, a preprocessing phase is implemented, wherein the hand is cropped
from the image and its shape is extracted. Lastly, they present four different CNNmodels,
three from scientific papers and one from their own, each with a distinctive architecture.
In order to compare them and select the best model, they applied them to their datasets.

A system that offers users a smooth and pleasurable music listening experience was
proposed by Shettty et al. [10]. Through the integration of sophisticated facial expression
recognition algorithms and real-time mood assessment, the system can precisely build
playlists that align with the user’s emotional state, promoting relaxation and alleviating
stress. Given that an increasing number of individuals are using music as a stress and
anxiety reliever, the system’s capacity to enhance mental health and wellbeing renders
it an invaluable asset to the music streaming market. Here is where the emotion-based
music recommendation systemwas created,which effectively blendsmodern technology
with music therapy to offer people appropriate and beneficial music recommendations
depending on their moods. With an accuracy rate of roughly 75%, the model can detect
and recognize seven different moods: anger, disgust, fear, happy, sad, surprise, and
neutral.
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Using a low-cost ESP8266 microcontroller chip, Yang et al. [11] enabled hand ges-
ture detection for smart home appliance control. In order to determine the finger angle,
this study will employ MediaPipe hand tracking to extend the fingers according to the
palm and add vector angle formulas. There were ten defined hand movements. Ulti-
mately, the developed system may use hand gestures to operate household appliances
with a promising level of accuracy and recognition speed. To verify the integrity and
soundness of the system design framework,WoPeD, a Petri net tool, is used formodeling
and analysis. The bending angle of fingers was calculated using the vector method to
significantly enhance the ability to recognize numbers 0 through 9. This technology can
assist consumers in conveniently and comfortably operating their household appliances.
For instance, users can turn on and off their home appliances without getting up. The
process of turning on and off the electricity only requires them to connect their mobile
devices to Wi-Fi infrastructure.

In order to assist guitarists, the work by Emad et al. [12] examines the various
techniques used for note labeling and finger detection. Furthermore, this work presents
a hybrid technique integrating audio processing and note labeling with finger motion
detection using MediaPipe, which is projected to deliver improved accuracy in guitar
learning systems. Guitarists’ technique is projected to improve with the use of Medi-
aPipe’s hand/finger motion detection feature, as it records their hand movements in
addition to the notes they play.

Using the DSL10-Dataset, Samaan et al. [13] demonstrated Dynamic Sign Language
Recognition using three RNNmodels: GRU, LSTM, and BILSTM. The features extrac-
tion process made advantage of the MediaPipe framework. Two tests were carried out to
demonstrate DSL identification from two perspectives, and the outcomes demonstrate
an improvement in both. Three steps could be taken to implement the suggested strategy.
First, compile a dataset of videos with uniform frame rates. Subsequently, provide the
input data to theMediaPipe framework, enabling it to extract the stance, hand, and facial
keypoints from every video frame. Lastly, load the retrieved keypoints into GRU, LSTM,
or BILSTM, one of the ready-made RNN models, for the training phase. The accuracy
of the test and train when face key points are included and when they are not are almost
equal. The prediction and learning times are adversely affected by the fact that the key
points containing the face are six times larger than the key points without the face.

In their study of the problem of mid-air hand pose control and visible interaction
for a smart music speaker, Xu et al. [14] offer a unique pose space encoding and visu-
alization model that combines a PointNet-based gesture categorization network with a
fully-connected autoencoder. To be more precise, a fresh dataset of mid-air gestures is
gathered in order to assess and refine the suggested approach for mid-air gesture control
and recognition. In order to combine the posture space and the music space for interac-
tions, the proposed autoencoder embeds gestures into low-dimensional spaces that are
appropriate for visualization and interaction. Furthermore, the auxiliary classification
network retains exceptional classification performance while progressively refining the
gesture clustering in pose space. Additionally, the suggested interaction strategy lowers
interaction latency by requiring a small number of gesture frames (2-frame sequence)
of input to obtain a continuous control that the user can explore.
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In order to examine the advantages and disadvantages of four cutting-edge Human
Pose Estimation (HPE) libraries for processing image and video HPE, Chung et al. [15]
conducted a comparative analysis of these libraries: OpenPose, PoseNet, MediaPipe
Pose, and MoveNet. The only subject of this study was 2D single-person HPE. The
evaluation criterion employed in this study to assess the HPE libraries’ quality was PDJ.

The work by Natarajan et al. [16] advances the creation of a deep learning frame-
work for the recognition, translation, and generation of sign language from beginning
to end. It used the suggested H-DNA framework to address the issues that remained
with previous SL recognition and video creation techniques. A number of quality mea-
sures are employed to qualitatively assess the suggested H-DNA framework. Compared
to previous techniques, they acquired a relatively higher recognition rate and produc-
ing performance. Using human assessors, the assessment of coherence, relevance, and
realism aspects yields positive outcomes in real-world situations.

Using MediaPipe and the LSTM model, Shinde [17] developed a translator for sign
language to multilingual text and speech systems. This is a potential method for enhanc-
ing accessibility and communication for the deaf and hard-of-hearing community. The
MediaPipe framework was used in the system’s architecture to identify sign language
gestures, and theLSTMmodelwas used to convert those gestures intowritten and spoken
words. Many software components were used in the system’s construction, and testing
revealed that the system could recognize and translate sign language with a high degree
of efficiency and accuracy. The system has a wide range of possible uses, including
communication, healthcare, and education. More inclusive and accessible communica-
tion can result from the system’s ability to close the communication gap between sign
language users and non-users.

Through the use of hand gesture recognition, a new deep-learning architecture was
proposed by Peral et al. [18] that enables human-robot communication. The suggested
approach recognizes human commands that are predefined in a library of hand gestures
just byusingvisual information.Experiments are conducted to obtain anover-performing
method that outperforms the accuracy of state-of-the-art methods. Additionally, a batch
approach that successfully recognizes the motions made in front of the robot IVO is
used to evaluate the system in real-life scenarios where movements are continuous.
Collaborative robots will greatly benefit from the communication structure. The tests
demonstrate that the framework can decipher gesture-based human commands.

A lightweight 3DGCN architecture was presented byAl-Hammadi et al. [19] for sign
language recognition. In order to prevent the over-smoothing effect that is frequently
seen in deep GCN architectures—which is caused by a high number of message repeats
between graph nodes—the suggested architecture makes use of a few 3DGCN layers.
By using this shallow design, a graph representation of the signer body is created using
the most pertinent MediaPipe landmarks. The recognition challenge is transferred to
graph classification in this embedding step. The suggested design is assessed using
many datasets with disparate attributes and contrasted with cutting-edge systems. The
results show how well the spatial attention layer works to improve the efficiency of this
kind of lightweight 3DGCN architecture. Additionally, the suggested design performs
exceptionally well and generalizes effectively across a range of datasets.
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Ruiz et al.‘s study [20] presented an SLR methodology for word level that makes
use of a limited number of manually created features. Further analysis is done on non-
manual qualities when compared to related work. Spatiotemporal characteristics from
body posture, facial expressions, hands region, head attitude, and eye gaze estimation
were retrieved following a ROI and tracking phase. Following a phase of data augmenta-
tion and dimensionality reduction, BiLSTM and transformer models were employed in
the recognition phase. The preservation of non-manual features during dimensionality
reduction indicates that features of this kind hold pertinent data.

3 The Proposed Approach

In order to precisely identify the user’s gesture, the gesture recognition model makes use
of machine learning technique MediaPipe. Establishing a communication link between
themusic player and the system is part ofmusic player integration. By gathering informa-
tion on the user’s gestures, the system is trained to recognize the user’s movements accu-
rately during calibration. Ultimately, a smooth user experience and real-time response
depend on the system’s performance.

Having been considered, automatic music control system architecture is a promising
technology that gives users a more natural and intuitive way to control their music
playback. The system architecture can be further enhanced to enable more sophisticated
gestures and commands, offering a more convenient and personalized user experience,
with ongoing advances in machine learning and image processing.

The system architecture for autonomous music control has the potential to funda-
mentally change how people use their devices. The technology can be further enhanced
to provide a more smooth and natural user experience with more research and develop-
ment. Potential uses for the system design exist in other fields as well, like virtual reality
and gaming. A more realistic and natural user experience can be had by using gesture
recognition.

The music player receives commands from the music control component to handle
gesture recognition. For example, the user can gesture to raise the volume, and the music
playerwill receive the signal from the system to do so. The user interface part lets the user
interact with the system and gives them feedback. The gesture that has been identified
may be shown visually through the user interface, for example, by being highlighted on
the screen. In order to let the user know that the system has detected the gesture, the user
interface may additionally include audio feedback.

The system architecture of the proposed system is shown in the Fig. 1.

• Hand Detection. Develop a “detection mode” interface that uses a webcam to con-
tinually record a predetermined number of frames in order to extract the user’s hand
motion track from those frames. The implementation of recognition algorithms along
the route, such as hands movement tracking, hands performance evaluation shape
detection, and hands distance detection should be worked out.

• Preprocessing. Making decisions, or deciding which instruction needs to be decoded
in order to correlate to themonitored gesture, comes after tracking the valid gesture. A
number of signatures for hand motion patterns during pre-processing will be created.
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Fig. 1. System Architecture of Automatic Music Control

Then, various features of the open music player will be activated based on these
signatures.

• Feature Extraction. Take out just the hand gestures from the picture. Eliminate
the distracting areas and sounds. Create a binary image by processing the extracted
picture and to create a feature set for classification, extract the recognizable, important
features from the processed image.

• Recognition. The tracking of legitimate gestures is done continuously. When a
legitimate gesture is tracked, it is identified as such and forwarded to further
processing.

• Execution. Following the command’s decoding, the gesture’s corresponding task—
which is nothing more than the gesture’s output and basic interpretation—is carried
out. This gesture was originally intended and defined.

4 Methodology

Aproposed solution reduces the need for human intervention by allowingus to control the
musicwith various handgestures. Theuser’s gesturewill be capturedby thewebcamonce
the necessary libraries have been imported. The fingers count can then be determined
using the image. In addition to counting fingers, orientation detection will occur, and the
music will be adjusted accordingly. The conceptual design of a system, which describes
its behaviour, structure, and other viewpoints, is referred to as a model. An architecture
description is a formal description and representation of a system designed to make it
easier to analyze its behaviours and structures.

The block diagramof the various stages of automaticmusic control system is depicted
in Fig. 2.

• Importing Libraries. The required libraries, including cv2, MediaPipe, pyautogui,
and time, are initially imported by the code.

• Defining a Function. Code specifies a function named count_fingers() that returns
the number of fingers recognized in the gesture given a single input, ‘lst’, which
represents the list of hand landmarks detected.

• Initializing Video Capture. The cv2.VideoCapture() function is used by the code to
initialize a video capture object and read frames using a webcam.

• Setting upMediaPipe. In addition to setting up aMediaPipe drawing utilitiesmodule
to visualize the landmarks that are detected, the code also sets up aMediaPipe pipeline
to detect hands using the mp.solutions hands module.
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Fig. 2. Stages of Automatic Music Control System

• Importing Libraries. The required libraries, including cv2, MediaPipe, pyautogui,
and time, are initially imported by the code.

• Initializing Variables. The code sets up a number of variables, including start_init,
start_time, and prev, in order to track the timing and state of hand gestures.

• Counting Fingers. To count the number of fingers detected in the current hand
gesture, the code invokes the count_fingers() function with the hand_keyPoints
parameter.

• Displaying the Video. The current frame with the identified landmarks and the count
of hand gestures is displayed by the code using cv2.imshow().

The user’s image or gesture is captured by the web camera and subsequently pro-
cessed through image processing techniques. In order to identify the user’s gesture, the
processed image is assessed using machine learning techniques. The system can then
regulate the playing of the music after recognizing the user’s gesture. Sending instruc-
tions to a music player, like skipping a track or changing the volume, is one example of
this.

Additionally, the system might have a user interface that would let the user interact
with it or display information about the music being played. Voice commands or a
graphical user interface might be part of this. The overall goal of the system architecture
for automatic music control through image processing is to give users a more convenient
and user-friendly method of controlling their music playback. The technology lets users
control their music playing with basic hand gestures by recognizing their movements in
place of conventional buttons or touchscreens.

Next, the gesture that was identified is utilized to manipulate the music playback,
such muting a track or altering the volume. Numerous parts of the system architecture
work together to deliver a flawless user experience. The main input device that records
the user’s image or motion is the camera. In order to extract features that correlate
with the user’s gesture, the image processing component analyses the acquired image.
Machine learning methods are used by the gesture recognition component to precisely
identify the user’s gesture.
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Based on the recognized gesture, the music control component instructs the music
player to control the playback of the music. For instance, the user can gesture to raise
the volume, and the music player will receive the signal from the system to do so. The
user interface part of the system lets the user engage with it and gives them feedback.

5 Experimental Results

MediaPipe, image processing, and automatic music control have shown encouraging
results. With the use of hand motions captured by the camera, users may now control
the playback of music. A novel method of interacting with music playback is made
possible by the use of mediapipe and image processing, which does away with the need
for physical buttons or controls.

Figure 3 shows the comparison of the proposed approach and other existing
approaches such as edge detection method, HSV & cross-correlation and background
subtraction.

Fig. 3. Comparison Graph of the Proposed Approach and other Approaches

In comparison with other static hand gesture methods, the proposed approach is
much more effective, offering up to 91.28% of recognition rate accuracy. The suggested
strategy has several advantages over the other approaches, including higher accuracy in
hand gesture recognition and the ability to be used in the presence of background noise
due to its dynamic nature.

The various gesture signals utilized by the automatic music control system for its
numerous functions are depicted in the images below. The next piece of music is played
using finger count 2, while finger count 5 is used to play and pause the current piece. 4
finger counts are used to raise volume, and 3 finger counts are used to decrease it. We
can turn off the music by using finger count 1 (Figs. 4, 5, 6, 7, 8, and 9).
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Fig. 4. Pause Music when Finger Count = 5 Fig. 5. Increase the Volume when Finger
Count = 4

Fig. 6. Decrease the Volume when Finger
Count = 3

Fig. 7. Play Next Music when Finger Count
= 2

Fig. 8. Play Music when Finger Count = 5 Fig. 9. Mute the Music when Finger Count
= 1

6 Conclusion

The system’s objective is to introduce technology into man’s busy life by utilising
improved image processing techniques to run a digital music player through hand ges-
tures. The music player will carry out the designated action when a gesture is made in
front of the camera. Every action of the music player is controlled by a distinct gesture;
hence, should a gesture be presented incorrectly or without any motion at all, the system
will respond by displaying an error message stating that the gesture input is invalid.
Thus, it can be said that using the music player is quite simple and successful.

One potential improvement in the future would be to use 3D hand tracking tech-
nology. This would enable the system to identify particular hand movements in three
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dimensions, which could be utilised to regulate various elements of the music, includ-
ing volume, tempo, and track selection. Furthermore, by training the system to iden-
tify particular hand movements and link them to particular musical genres, moods, or
themes—for example, “play some upbeat music"—the system can be trained to con-
currently manage the volume and the song selection. For example, the system may be
trained to play music or artists that are similar to the one it is currently playing when it
detects a thumbs-up signal. Furthermore, the system might produce a more natural and
user-friendly user interface by combining voice instructions with hand movements.
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Abstract. Respiratory illness is the primary factor behind fatality associated with
cancer globally, and timely identification is imperative for preserving lives. How-
ever, analyzing CT scans can be a burdensome task for radiologists and observer
fatigue can lead to reduced performance. Timely identification of nodules is critical
for effective treatment and improved survival rates. As a result of advancements
in medical imaging technology, CT scans have become the primary approach
for identifying lung nodules during the diagnostic phase. The proposed system
utilizes an advanced convolutional neural network (CNN) architecture, trained
using a vast dataset of annotated lung CT images, to accurately detect and classify
lung nodules. The system incorporates various image pre-processing techniques
to increase CT scan image quality and improve CNN performance. The suggested
system attains notable precision and responsiveness in detecting lung nodules,
potentially contributing to the timely identification and management of lung can-
cer. This report explores a project centered around the detection of lung nodules
through the utilization of deep learning techniques.

Keywords: Deep Learning · Correlation Based Feature selection · Data
Visualization · Recurrent Neural Networks Transfer Learning

1 Introduction

The significance of early detection of lung disease, which ranks among the primary
causes of global mortality, cannot be overstated. Diagnostic modalities are employed to
identify potential anomalies in lung tissue. However, visually analyzing these images for
abnormalities is challenging and time-consuming, given the large amount of information
that must be processed within limited time constraints. Consequently, there is a growing
inclination in themedical field towards the utilization of computational intelligence tech-
niques, including data mining and image processing, to automatically analyze patient
records and images, gaining increasing recognition. By capitalizing on these method-
ologies, the undertaking strives to significantly enhance the discernment of pulmonary
nodules, while maintaining a low rate of false positive results.

The project employs the LIDC/IDRI dataset, comprising approximately 1500 CT
scans, to showcase the efficacy of the approach. The primary objective of this project
is to develop a prognostic model that accurately ascertains the cancerous nature of
lesions in the lungs of individuals at high risk. To accomplish this objective, the project
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will leverage various techniques in the realms of data mining and pattern recognition.
Addressing classification quandaries involves focal points such as feature manipulation,
clustering feature extraction, feature engineering, and machine learning models. For
predictive modeling, features are extracted from raw data and transformed into relevant
features. In the case of lung cancer prediction, features could include the shape, size,
and density of lung nodules or lesions observed in CT scans.

2 Literature Survey

Prior research in the field of lung nodule detection and classification hasmade significant
advancements, employing various computational techniques and medical imaging tech-
nologies to aid in the early diagnosis and prognosis of lung cancer. Early studies often
utilized traditional image processing methods, such as thresholding and feature extrac-
tion, to identify lung nodules in computed tomography (CT) scans. More recent works
have shifted towards machine learning and deep learning approaches, leveraging convo-
lutional neural networks (CNNs) and recurrent neural networks (RNNs) for improved
accuracy. A notable development in this domain was the establishment of benchmark
datasets, such as the Lung Image Database Consortium (LIDC) and the National Lung
Screening Trial (NLST) dataset, which allowed for standardized evaluations of nodule
detection algorithms. Despite these advancements, there remain challenges, including
distinguishing between benign and malignant nodules, handling variations in nodule
size and shape, and optimizing computational efficiency. This paper contributes to this
growing body of research by presenting an innovative approach to lung nodule detection
and classification, addressing some of these persisting challenges and demonstrating the
potential for enhanced clinical outcomes.

Some of the published paper are mentioned below:

1. Title: “The Lung Image Database Consortium (LIDC) and Image Database Resource
Initiative (IDRI): A completed reference database of lung nodules on CT scans.”

Abstract: This paper presents the creation of theLung ImageDatabaseConsortium
(LIDC) and Image Database Resource Initiative (IDRI), a comprehensive reference
database for lung nodules in CT scans. The database facilitates research in lung cancer
detection and evaluation.

Author: Armato, S. G., McLennan, G., Bidaut, L., McNitt-Gray, M. F., Meyer, C.
R., Reeves, A. P.,… & Clarke, L. P. Year: 2011

2. Title: “Automated detection and quantification of solitary pulmonary nodules on high-
resolution computed tomography scans.”

Abstract: This paper likely discusses the development of automated methods to
detect and measure solitary pulmonary nodules in high-resolution CT scans, which is
crucial for early lung cancer detection and diagnosis. It aims to improve the accuracy
and efficiency of pulmonary nodule assessment in medical imaging. Author: Revel,
M. P., & Gagnadoux, F. Year: 2015
3. Title: “Computer-aided diagnosis: how to move from the laboratory to the clinic.”

Abstact: this paper may discuss the challenges and strategies for transitioning
computer-aided diagnosis (CAD) systems from experimental research settings to
practical clinical use, potentially addressing the implementation of CAD in real-
world medical settings.
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Author: van Ginneken, B., Schaefer-Prokop, C. M., Prokop, M., van Rikxoort, E.
M., & Scholten, E. T. Year: 2013
4. Title: “Automatic detection of subsolid pulmonary nodules in thoracic computed

tomography images.”
Abstract: the development of automated methods for identifying subsolid pul-

monary nodules in thoracic CT scans, which is essential for early lung cancer diag-
nosis and management, possibly highlighting the application of advanced image
analysis techniques.

Author: Jacobs, C., van Rikxoort, E. M., Twellmann, T., Scholten, E. T., de
Jong,
P. A., Kuhnigk & van Ginneken, B. Year: 2014

5. Title: “Clinical applications of deep learning for the thorax and chest: a literature
review.”

Abstract: discusses the clinical applications of deep learning techniques in
thoracic and chest imaging, exploring how these methods are used in medical
diagnosis and analysis.

Author: Kim, H., Goo, J. M., Lee, K. H., & Lee, S. Year: 2019

3 Existing System

A traditional approach involves setting a threshold value, morphological operations,
and region-based segmentation. These techniques are used to differentiate between pul-
monary nodules and non-nodules in CT scan images. Thresholding relies on establishing
a specific pixel density threshold to categorize regions within the images as potential
nodules. However, this method can be limited by its sensitivity to image noise and arti-
facts, which can lead to inaccurate results. Morphological operations, such as erosion,
dilation, and closing, are employed to enhance the shape and size of potential nodules,
aiding in their identification. Nevertheless, these operations may not fully capture the
complexity of nodule features, especially in cases involving irregularly shaped or tex-
tured nodules. Region-based segmentation involves dividing the images into distinct
regions based on various features like texture, shape, and intensity. Subsequent analysis
is performed within these regions to identify nodules.

This approachmay encounter challenges when dealing with intricate nodule patterns
and variations in size and shape. In essence, the existing system seeks to balance sen-
sitivity and specificity in lung nodule detection, aiming to accurately identify nodules
while minimizing false positives and false negatives in CT scan images.

4 Proposed System

The proposed system is designed to enhance the precision of lung cancer detection in CT
scans while minimizing false positive diagnoses. It utilizes a sophisticated combination
of deep artificial neural networks, specifically Convolutional Neural Networks (CNNs)
and Recurrent Neural Networks (RNNs). The CNN is employed for pixel-level feature
extraction, effectively distinguishing and analyzing pixels within CT scan images. This
enables the capture of intricate details and patterns associated with lung nodules. The
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RNN, on the other hand, is utilized for feature classification and the identification of
pulmonary nodules. It excels in understanding sequential data and discerning complex
patterns within the images. The system adopts a multi-step detection strategy. In the first
stage, a sequence of CNNs identifies potential nodule candidates with high sensitivity. In
the subsequent stage, specializedCNNs verify and refine the initial detections, ensuring a
thorough and accurate assessment of lung nodules in CT scans. In the current landscape
of lung nodule detection, deep learning-based techniques are recognized as the most
effective. However, improvements are needed to enhance their accuracy, efficiency, and
applicability in real clinical settings. The proposed system addresses these challenges,
offering a comprehensive approach to lung nodule detection and classification inmedical
imaging, ultimately contributing to improved clinical outcomes.

Comparative analysis of the proposed system stands out by addressing the limitations
of traditional approaches, such as sensitivity to image noise and difficulty with complex
nodule patterns. It introduces deep learning techniques that are recognized for their
effectiveness in medical imaging. The combination of CNNs and RNNs enhances both
feature extraction and classification. This results in a more precise and reliable lung
nodule detection system, minimizing false positives and false negatives. In contrast,
traditional methods are less adaptable and may not achieve the same level of accuracy
and efficiency. The proposed system represents a significant step forward in lung cancer
detection and classification, offering the potential for improved clinical outcomes and a
more reliable diagnostic process.

5 Module Implementation and Methods

5.1 Data Collection

To obtain a dataset of CT scan images that include images of lung nodules. The need to
prepare the data involves cleaning the data and organizing it into a format. To acquire a
dataset of CT scan images containing lung nodules, it is necessary to procure a collection
that comprises such images. In our project,weusedChestCT-Scan images –Dataset from
kaggle.com. Additionally, data preprocessing is required, which may involve adjusting
the image size or normalizing pixel values. Preprocessing of the CT images is essential
to enhance image quality and eliminate any disturbances. This entails isolating lung
tissue from the remaining portions of the image by applying segmentation techniques
like thresholding, region growing, and edge detection.

The need to prepare the data involves cleaning the data and organizing it into a format
that can be easily read by deep learning frameworks. Deep learning framework’s data
loading functionality to import the dataset into your deep learning model. You may need
to specify the path to the dataset and any other necessary parameters. This method allows
you to train a model on one set of data, validate it on another, and test it on a third The
preprocessing techniques may include cropping, resizing, normalization, and filtering.

Figure 1 displays sample images from the lung CT dataset used in this study, illus-
trating different types of lung nodules. The four sub-figures (a, b, c, and d) provide visual
examples of various pathological conditions found in the lung. (a) represents adenocar-
cinoma, (b) shows squamous cell carcinoma, (c) exhibits metastatic lung cancer, and
(d) displays large cell carcinoma. These images are representative of the diverse nodule
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Fig. 1. LungCTdataset samples: (a) adenocarcinoma, (b) squamous cell carcinoma, (c)metastatic
lung cancer, and (d) large cell carcinoma

types and characteristics encountered in the dataset, which is essential for training and
testing the proposed detection and classification system. These visual samples offer a
glimpse into the complexity of lung nodule identification and classification in CT scans,
emphasizing the importance of the research presented in this paper.

This task can be accomplished by employing deep learning methodologies like con-
volutional neural networks (CNNs) or alternative machine learning algorithms. The
nodule detection process encompasses the identification of potential nodules within the
segmented lung area, followed by the classification of these nodules as either nodules
or non-nodules. Post-processing techniques can be applied to the detected nodules to
remove false positives and to refine the segmentation and characterization of the nodules.
This can be done using various morphological operations, adaptive thresholding, and
region-growing techniques. The final step is to generate the output of the image pro-
cessing system, which may include the location, size, and characteristics of the detected
nodules.

5.2 Feature Selection and Engineering

This involves selecting a representative dataset that includes a variety of nodule sizes
and shapes. The next step is to extract the regions of interest around the nodules. This
involves cropping the CT scan images to include only the nodule and its surrounding
tissue. Preprocessing the ROI images improves their quality and removes noise. The
preprocessing techniques may include cropping, resizing, normalization, and filtering.
Extract the features from the ROIs using various techniques such as gray-level co-
occurrence matrix (GLCM) analysis, histogram analysis, texture analysis, and shape
analysis. The extraction of features can be conducted at various scales to encompass
the diverse attributes of the nodules. This approach allows for the identification and
selection of the most pertinent features for nodule detection. This can be done using
various feature selection techniques such as correlation-based feature selection, and
embedded feature selection. This can be done using various techniques such as principal
component analysis (PCA), nonlinear mapping, or kernel methods. The model can be
trained using various techniques. The performance of the deep learning model should
be evaluated using a set of metrics. A comparison can be made between predicted and
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ground-truth labels for the test data in order to calculate these metrics. Based on the
results of the performance evaluation, the feature extraction and engineering process
can be iteratively refined until the desired level of performance is achieved.

Fig. 2. Flow diagram of the proposed algorithm

Figure 2 presents the flow diagram of the proposed algorithm for lung nodule detec-
tion and classification. The algorithm comprises several essential stages. It begins with
lung segmentation, where the CT images are processed to isolate the lung structures.
This is followed by histogram-based thresholding to separate the lungs from the chest
scan effectively. Connected component analysis is then applied to identify regions of
interest within the lung. Next, nodule extraction is performed to isolate potential nod-
ules from the image. The algorithm proceeds with the separation of structures, which
refines the nodule extraction process. Feature selection is employed to choose the most
relevant characteristics for classification. Finally, classification is executed to categorize
the identified structures, whether they are nodules or non-nodules. This flow diagram
provides an overview of the systematic steps involved in the algorithm, demonstrating
the process for detecting and classifying lung nodules in CT images.

5.3 Data Preprocessing

Import the CT scan images and their corresponding annotations into the memory of the
system. Convert the RGB images to grayscale, as the model will only need to process
one channel. Resample the images to a uniform resolution to ensure consistency in the
data. This may involve increasing or decreasing the resolution of the images, depending
on the initial resolution and the requirements of the model. Normalize the pixel val-
ues to ensure that they are within a standardized range. This may involve rescaling the
pixel values to a range of [0,1] or [−1,1]. In Fig. 3, a visual representation of various
anatomical structures within the human lung is observed on a CT scan. These structures
are vital for understanding the context of lung nodule detection and classification. The
figure highlights key components such as the airways, upper lobe, chest wall, horizontal
fissure, middle lobe, primary tumor, oblique fissure, lower lobe, and vessels, and distin-
guishes between the right lung and left lung. This illustration provides to identification
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and comprehension of the anatomical landmarks within the lung when considering the
localization and classification of nodules in subsequent sections.

Fig. 3. Lung structures on the CT scan

Common filters used in CT scan preprocessing include Gaussian filters, median
filters, and edge enhancement filters. Crop the images to remove any unnecessary regions
that are not relevant to lung nodule detection. Resize the images to a standardized size
that can be processed by themodel. This may involve random rotations, flips, and scaling
of the images. Split the data into train and test sets using a stratified sampling technique
to ensure that both sets have a similar distribution of nodule sizes and shapes.

Data preprocessing methods in Lung Cancer Detection from CT Scans includes:

Image Acquisition and Collection: The initial step involves the acquisition of CT scan
images, typically frommedical institutions or databases. These imagesmay vary in terms
of resolution, orientation, and quality.

Image Standardization: To ensure uniformity, the acquired CT scan images are stan-
dardized to a consistent format. This includes adjustments for resolution, orientation, and
pixel spacing. This step aims to remove variations that can affect subsequent analysis.

Noise Reduction: Image noise can adversely impact the accuracy of nodule detection.
Various noise reduction techniques, such as filtering or denoising algorithms, are applied
to enhance image quality and clarity. This step is particularly important for reducing false
positives.

Contrast Enhancement: Enhancing the contrast in CT scan images can help in high-
lighting subtle features, such as nodules. Histogram equalization or contrast stretching
techniques are commonly employed to improve image contrast.

Resampling: CT scans may have different slice thicknesses, which can affect the anal-
ysis. Resampling is often performed to ensure uniform slice thickness, making it easier
to identify nodules consistently across the dataset.
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Lung Segmentation: One critical preprocessing step is lung segmentation. This involves
separating the lung region from the rest of the chest scan. Various methods, including
thresholding and region-growing algorithms, are used to isolate the lungs.

Nodule Candidate Detection: To identify potential nodule candidates, techniques like
region-growing, thresholding, or connected component analysis are employed. This step
is crucial for narrowing down regions of interest in the lung.

RegionLabeling: Oncenodule candidates are identified, each candidate region is labeled
and analyzed to assess its characteristics. This may involve further noise reduction and
size filtering to eliminate false candidates.

Feature Extraction: Features are extracted from the labeled regions, which help in dis-
tinguishing between nodules and non-nodules. Common features include shape, texture,
and intensity characteristics of the regions.

Normalization: The extracted features are often normalized to make them comparable
and to prevent any single feature from dominating the classification process.

5.4 Model Selection

Select a suitable deep learning framework that is capable of identifying lung nodules
from the available options, which encompass Convolutional Neural Networks (CNNs),
U-Net, Mask R-CNN, and various other options. This process involves training the
model multiple times with different parameter values to obtain the best-performing set.
The procedure entails making predictions on the testing dataset and then evaluating the
results by comparing them to the ground truth annotations. This evaluation enables the
computation of performance metrics such as accuracy, sensitivity, specificity, F1-score,
and the area under the receiver operating characteristic curve (AUC-ROC). Optimize the
model performance by analyzing the performance metrics and tuning the hyperparam-
eters or adjusting the model architecture accordingly. Once the model with performed,
deploy it in a production environment to detect lung nodules in new CT scan images.

In Fig. 4 illustrates the neural network architecture employed in the proposedmethod
for nodule classification. The figure outlines the various components of the network,
including X1, X2, X16, and X17, which represent input features. These features are
passed through the input layer and subsequently through the pattern layer and summa-
tion layer for further processing. The network is designed to classify nodules into two
categories: Benign nodules and Malignant nodules. The final decision is made in the
output layer of the network. This diagram provides an overview of the neural network
structure used for the classification of lung nodules, which plays a crucial role in the
proposed methodology.

5.5 Data Splitting

Load the dataset of CT scans with annotated nodule regions into memory. Divide the
shuffled dataset into two parts - a training set and a testing set. A commonly used split
is 80% training and 20% testing. To ensure that both the training and testing sets have



256 P. V. R. Suganya et al.

Fig. 4. Neural network architecture used in the proposed method for nodule classification.

a similar distribution of nodule sizes and shapes, it is recommended to use stratified
sampling. The proportion of samples in each class (e.g., nodule vs. non-nodule) is the
same in both the train and test sets. Save the train and test datasets to disk as separate
files. The files can be saved in a format that can be easily loaded into the deep learning
framework of choice, such as HDF5 or NumPy format. Data augmentation techniques
include random rotations, flips, and scaling of the images. Before training the model, it
is important to preprocess the images to ensure that they are in the correct format and
are normalized. Typical preprocessing methods involve adjusting the image dimensions
to a standardized size, normalizing the pixel values, and employing filters to eliminate
noise.

Fig. 5. Workflow of the designed pipeline to detect lung nodules. The system consists of four
stages.
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Figure 5 provides an overview of the workflow of the designed pipeline for the
detection of lung nodules, which is organized into four distinct stages. In Stage 1, the
process begins with Image preprocessing that involves operations on DICOM images.
This is followed by Image enhancement and Lung volume extraction. Subsequently, the
focus shifts to Lung nodule detection, where candidate nodules are identified. In this
stage, Nodule feature computation plays a crucial role, with specific values listed as
“10, 20, 20, 32, 18, 33, 48.” Moving on to Stage II, the workflow encompasses Lung
nodule segmentation and Candidate nodule detection. In stage III, the pipeline also
includes Nodule feature extraction and Nodule feature reduction as part of the feature
engineering process. Stage IV is dedicated to Nodule classification, where the system
distinguishes between Malignant nodules and Benign nodules. The nodules undergo a
classification process, contributing to the system’s diagnostic capabilities.

5.6 Model Training and Testing

Initialize the deep learning model with random weights or pre-trained weights from a
pre-trained model. Select a suitable loss function to optimize the model. Common loss
functions for lung nodule detection include binary cross- entropy and Dice loss. Select
a standard for evaluating the model’s performance throughout the training procedure.
Common measures for detecting lung nodules include precision, recall, selectivity, F1-
measure, and the area under the receiver operating characteristic curve (AUC-ROC).
Fine-tune the hyperparameters of the model, such as the learning rate, optimizer, batch
size, and regularization, to maximize the model’s performance. Employ a training loop
that progressively updates the model parameters based on the loss function and back-
propagation. Continuously assess the model’s performance on a validation set to prevent
overfitting and modify the hyperparameters accordingly. Save the trained model and its
parameters for later use in inference and deployment.

5.7 Accuracy and Prediction

Load the trained deep-learning model into memory. Load the test data into memory,
including the CT scan images and their corresponding annotations. Preprocess the test
data using the same steps as for the training data, including resampling, normalization,
filtering, and cropping/resizing. Convert the preprocessed test data into tensors using
identical procedures as those employed for the training data, incorporating data aug-
mentation and standardization. Employ the test data and the trained model to assess the
model’s accuracy. This process may entail calculating metrics such as precision, recall,
F1-measure, and the area under the receiver operating characteristic curve (AUC-ROC).
Utilize the trained model to generate predictions on novel CT scan images that have not
been utilized for training or testing purposes. This may involve preprocessing and trans-
forming the new data in the sameway as for the test data, and using themodel to generate
a prediction for each image. Evaluate the accuracy of the model predictions by com-
paring them to ground truth annotations, either manually or using automated tools. This
process may require calculating measures such as precision, recall, selectivity, accuracy,
and positive predictive value (PPV).
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Figure 6 presents the confusion matrix for the proposed model, which is a critical
component in assessing the performance of the model’s predictions. The matrix displays
both predicted labels and true labels for various categories, including LUAD, LUSC,
meta, and normal. In this figure, LUAD refers to Lung adenocarcinoma, LUSU refers to
lung squamous cell carcinoma and meta refers to metastatic lung cancer which has dis-
tinct characteristics and is important for the classification and diagnosis of lung nodules
in medical imaging and research.

Fig. 6. Confusion matrix for the proposed model

5.8 Data Visualization

Load the predicted data into memory, which may include the CT scan images, the pre-
dicted nodule locations, and the confidence scores for each prediction. Load the original
CT scan images into memory, which may be in the form of DICOM files or other med-
ical image formats. Use the predicted nodule locations to generate visualizations of the
predicted regions of interest (ROIs) on the original CT scan images. This may involve
overlaying the predicted locations on the original images or generating heatmaps that
highlight the regionswith the highest confidence scores. Compare the predicted locations
with ground truth annotations, which may have been manually annotated by radiologists
or generated by automated tools. This may require calculating measures such as accu-
racy, sensitivity, specificity, and positive predictive value (PPV). Produce heatmaps that
accentuate the incorrect positive and incorrect negative predictions to aid in identifying
areas where the model can be enhanced. Generate a receiver operating characteristic
(ROC) curve to visualize the balance between the true positive rate (sensitivity) and the
false positive rate (1-specificity) across various decision thresholds. Visualize the model
confidence scores for each prediction, to help identify cases where the model may be
uncertain or where additional human review may be necessary.
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Fig. 7. Loss, AUC, precision, recall, and accuracy between the training and validation phases

Figure 7 presents the Loss, AUC, precision, recall, and accuracy between the training
and validation phases. The overall accuracy of the model’s predictions, measuring how
well it correctly classified instances across all categories. In this case, the accuracy is
84%, indicating the proportion of correct predictions relative to all predictions. Precision
is a measure of howmany positive predictions were actually true positives. It is provided
as percentages for different categories, such as 76% and 84%, reflecting the precision
of the model’s predictions in those specific categories. Recall, also known as sensitivity,
gauges how many true positive instances were correctly identified by the model. It is
presented as percentages, with values like 93% and 90% for different categories.

5.9 Results

Accuracy and Performance Metrics: The performance of the nodule classification
model is evaluated using various metrics, including accuracy, precision, recall, F1-score,
and the area under the receiver operating characteristic curve (AUC-ROC). These met-
rics provide a comprehensive understanding of the model’s ability to correctly classify
nodules.

Confusion Matrix: A confusion matrix is presented to visualize the model’s true pos-
itive, true negative, false positive, and false negative predictions. This matrix allows
for a deeper analysis of the model’s performance in distinguishing between benign and
malignant nodules.

Discussion and Analysis: The results are analyzed to assess the model’s ability to
accurately classify lung nodules. Any challenges or limitations encountered during the



260 P. V. R. Suganya et al.

classification phase are addressed and discussed. Insights are provided into the model’s
strengths and areas for potential improvement.

Clinical Implications: The clinical significance of the classification results is high-
lighted. Emphasize how accurate nodule classification can aid in early lung cancer
diagnosis and prognosis.

6 Conclusion

The research paper introduces an automated system designed to detect lung nodules in
CT images. The system comprises two phases: lung segmentation and nodule detection.
A technique called threshold estimation is proposed to automatically separate the lungs
from the chest CT scan. This technique employs structural characteristics for classifi-
cation purposes. To accurately classify numerous regions of interest extracted from the
lung segmentation, CNN and RNN techniques are utilized. The classification challenge
is addressed by incorporating shape features and the presence of nodules in consecutive
slices. The proposed system achieved impressive outcomes, with a sensitivity of 0.8785
and an accuracy of 0.85. Comparative analysis with other computer-aided diagnosis
systems demonstrates the effectiveness of the proposed approach. The system offers
valuable support in the early stages of lung cancer diagnosis, as it efficiently analyzes a
large number of images, minimizing the risk of human error.

The system can serve as an initial diagnostic tool, where identified cases can undergo
further medical analysis and investigations for confirmation. This approach can alleviate
the strain on public hospitals, which may face a shortage of specialists and a high influx
of patients. Moreover, the system is cost-effective as it can be deployed on standard
computers readily available in hospitals and clinics. The proposed system acts as a
valuable aid to radiologists, enabling them to swiftly and accurately detect lung nodules.
By doing so, it contributes to alleviating the workload on hospitals and enhancing the
early detection of lung cancer.
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Abstract. Manufacturing enterprises employ a series of production or assembly
operations tomanufacture products. These operations are performed in a particular
sequence. It is crucial to establish the job sequence that will undergo the series
of operations; this is known as the Permutation Flow Shop Scheduling (PFSS)
problem. Mixed Integer Linear Programming (MILP) as a mathematical model
is elaborated to address the PFSS problem subjected to jobs with release date
constraints and minimize makespan. This scheduling problem belongs to the NP-
hard optimization problem. Subsequently, a Genetic Algorithm (GA) approach
has been designed and implemented. This GA approach proved highly effective
in both computational efficiency and optimization performance.

Keywords: Mixed Integer Liner Programming · Genetic Algorithm · Flow Shop
Scheduling · Makespan

1 Introduction

Inmanymanufacturing enterprises, products are produced through a series of production
and assembly operations. The products often undergo these production and assembly
operations in the same sequence without skipping any operations. This requires setting
up the production and assembly machines in a series known as a flow shop scenario [22],
as illustrated in Fig. 1. Furthermore, scheduling is critical to determine the sequence of
products (or jobs) operated on machines under certain constraints [16].

The flow shop scheduling problem refers to the task of scheduling n jobs on m
machines subject to certain constraints as listed below:

1. At time zero, machines are available, but jobs can be processed after their release
date rj.

2. Each job shall be operated on all machines, and the job sequence should not be altered
between machines, i.e., permutation (prmu).
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Fig. 1. Flow shop scenario with operations carried out in the same sequence.

3. A machine, at any given time, can operate only one job.
4. A job, at any given time, can be operated by a machine.
5. Interruption of a job is not permitted.
6. Except on the first machine, an operation on a job can be initiated after its operation

on the predecessor machine.
7. There exists no prior priority among jobs.

There exist numerous objective functions [23]. However, the utilization of resources
is critical. Hence, the article minimizes makespan, Cmax , and indicates when the last job
completes processing on machinem. The previously mentioned problem statement shall
be considered as a Permutation Flow Shop Scheduling (PFSS) problem, which shall be
represented asFm | rj, prmu|Cmax withmmachines considering release date rj of job j and
job sequence remains unchanged with an aim is to minimize Cmax. Research has been
carried out to address Fm | prmu | Cmax and has proposed mathematical formulation
[3, 12, 14, 22, 28, 30], but many of these formulations assume that a set of possible
job sequences Π are already defined [12, 14, 28, 30]. Furthermore, researchers have
also proposed numerous heuristic [23] and meta-heuristics algorithms [16, 23, 27, 28].
However, the literature is missing handling the release date rj constraints.

Amathematical formulation of the PFSS problemmentioned above is presented, and
this mathematical formulation is solved using the Genetic Algorithm (GA) approach to
obtain a near-optimal fitness value. This article is arranged as follows. Section 2 briefly
discusses a literature review ofmathematical formulations andmeta-heuristic algorithms
concerning the PFSS problem. A comprehensive explanation of a mathematical formu-
lation and the corresponding GA approach is provided in Sect. 3. The computational
results of the Integer Programming (IP) solver and GA approach, including comparison
for numerous data groups and parameters, are discussed in Sect. 4. In conclusion, the
article discusses the problem of PFSS and various approaches to solving it in Sect. 5.

2 Literature Review

Researchers proposed heuristic techniques to solve PFSS problems. Among them, NEH
(Nawaz-Enscore-Ham) [21], CDS (Campbell, Dudek, and Smith) [1], and slope [22]
heuristic techniques exist. The ordered flow shop scheduling problem was formulated as
a mathematical model to minimize makespan [9]. Furthermore, Pyramidal-NEH, pair-
insert, and iterated local search algorithms were proposed and validated [9]. A hybrid
metaheuristic algorithm based on GA was proposed [30]. In much of the literature, few
individuals of the initial population are generated using well-known heuristic techniques
(e.g., NEH, CDS).
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AMixed Integer Linear Programming (MILP) formulation was described to address
the PFSS problem and minimizeCmax for twomachines [3], which was further extended
tommachines [24, 29]. Also, a firefly algorithmwas presented to solve themathematical
formulation [24]. Also, a mathematical formulation was proposed to solve the PFSS
problem tominimizeCmax subjected tomachine blocking and sequence-dependent setup
times [18], which was further solved with GA.

Population-based techniques, like Evolutionary Algorithms (EA), are utilized to
determine the fitness functions/objectives of optimization problems [4]. For example,
GA, Particle Swarm Optimization (PSO), evolutionary programming, and so forth are a
few of the EA techniques. Being NP-Hard, the permutation flow shop problem is solved
using various EA approaches. For instance, the problem was solved using GA [5, 16],
artificial bee colony [12], PSO [14], and firefly [24] algorithms. A hybrid GA and tabu
search algorithm was proposed, where the outcome of GA was treated as the initial
solution in tabu search [27]. Likewise, a combination of GA and simulated annealing
algorithms was proposed, where the GA schedule was further utilized to find a better
schedule by simulated annealing algorithm [28].

The current article employs the GA approach to address the PFSS problem.
Algorithm 1 specifies the different steps of GA as a pseudocode.

Algorithm 1 Pseudocode of Genetic Algorithm (GA)

1: Define solution coding;

2: Define T as the maximum generation counter and t as the generation counter;

3: Set t = 1 and T;

4: Generate population with size N′ as P(t = 1);
5: Assign fitness to P(t = 1) after the evaluation of objective and constraints;

6: while t ≤ T do
7: From P(t), select parent population Mp(t) for GA operations;

8: Create offspring population Q(t) by implementing crossover and mutation 

operations from Mp(t);
9: For every offspring in Q(t), calculate fitness function;

10: From P(t) and Q(t), select succeeding generation P(t +1);
11: Set t = t +1;

12: end while

3 Methodology

A mathematical formulation of the PFSS problem with a release date and objective
to minimize makespan is presented in Sect. 3.1. This PFSS problem is an NP-hard
optimization problem, which is solved using the GA approach detailed in Sect. 3.2.

3.1 Mathematical Formulation

The PFSS problem, as discussed in Sect. 1, shall be denoted as Fm|rj, prmu|Cmax . MILP
formulation employs numerous indices, parameters, and decision variables listed below.
It is to be noted that the time unit, i.e., hours, days, etc., depends on the product that is
being manufactured in the assembly line.
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• Indices

i –Index of machine
j –Index of job
k –Position of jobs to be processed on machines

• Parameters

m – Number of machines
n – Number of jobs
M –M = {1,2…m}, denoting set of machines
N – N = {1,2…n}, denoting set of jobs to be scheduled
rj – Release date of job j in time units
pij – Processing time of job j on machine i

• Continuous Variables

Cik – Completion time of job on machine i at position k
Sik – Start time of job on machine i at position k
Cmax – Makespan

• Decision Variables

xkj =
{−1, if job j is allocated on machines to position k
0, otherwise

Below is the mathematical formulation as MILP for Fm | rj, prmu | Cmax . Objective
(1) depicts the minimization of Cmax of the PFSS problem. For each position k, a job j
is assigned only once as indicated by Constraints (2). Similarly, a position k is assigned
to each job j, as depicted in Constraints (3).

Constraints (4) assist in assigning a job at position k= 1 on machine i= 1. Likewise,
Constraint (5) assigns remaining jobs for positions k ≥ 2 on machine i = 1. Constraints
(6) ensures that the start time Sik of job j should be greater than the job availability rj at
position k on machine i = 1.

Constraints (7) is employed to allocate jobs for k positions onmachines i≥ 2 consid-
ering the completion time of a job at position k on the previous machine. The allocation
of jobs at position k on machine i such that the Cik position is larger than the previous
position k − 1 is ensured by Constraints (8). Constraint (9) ensures that the start time
of jobs for position k on machine i ≥ 2 is determined by the job completion time at
position k on the previous machine. Constraints (10) assist in determining Cmax , i.e., the
last job completes its processing on machine m. Finally, Constraints (11)–(12) depict
the non-negative constraints.

Minimize Cmax (1)

subjected to

∑
j∈N xkj = 1,∀k ∈ N (2)
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∑
k∈N xkj = 1,∀j ∈ N (3)

S11 = C11 −
∑

j∈Nx1j · p1j (4)

S1k = C1k −
∑

j∈Nxkj · p1j, k = 2 · · · n (5)

S1k ≥
∑

j∈Nxkj · rj,∀k ∈ N (6)

Cik ≥ C(i−1)k +
∑

j∈Nxkj · pij, i = 2 · · ·m,∀k ∈ N (7)

Cik ≥ Ci(k−1) +
∑

j∈Nxkj · pij, i ∈ M , k = 2 · · · n (8)

Sik = Cik −
∑

j∈N xkj · pij, i = 2 · · ·m,∀k ∈ N (9)

Cmax = Cmn (10)

Cik ≥ 0,∀ i ∈ m,∀ k ∈ N (11)

xkj ∈ {0, 1},∀k, j ∈ N (12)

The scheduling problem Fm | rj, prmu | Cmax is an NP-hard optimization problem
[16, 27]. Subsequently, a (near) optimal fitness value to the above-formulated PFSS
problem is computed using the GA approach.

3.2 GA Approach

The following paragraphs elaborate on the different steps of GA to compute the near-
optimal fitness function to the previously proposed mathematical problem of the PFSS
problem. The corresponding literature on these individual steps is also provided to
understand the elaborated GA approach better.

1. SolutionRepresentation: It is crucial tomap the real-world problem (i.e., phenotype)
to the GA world (i.e., genotype) by defining the possible representation of solutions
or individuals [4]. Subsequently, representing a solution/individual as a chromosome
is critical, impacting the encoding, decoding, and other operations associated with
GA. In the current context, the length of the chromosome depends on the number of
jobs, and gene values indicate the job number [11, 16, 18, 28], as illustrated in Fig. 2.

2. Population and Initial Population Generation: A parent population P(t) contains
N′ valid individuals, which are generated randomly. Randomness enables diversity in
the population [5]. However, a few individuals are generated based on the available
heuristic techniques that are employed to rapidly converge to optimal or near-optimal
fitness value [5]. In the current context, an individual is generated based on the NEH
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heuristic [12, 13, 15, 21], m − 1 individuals are generated using the CDS heuristic
[1, 2, 5, 19], and an individual is generated using the Slope heuristic [19, 22]. The
remaining individuals, i.e., N′ − 1[NEH] − (m − 1)[CDS] − 1[Slope], are randomly
generated by allocating a job j randomly from jobs available and to randomly available
genes.

Fig. 2. Representation of solution/individual.

3. Fitness Function: The objective function of the PFSS problem is to minimize Cmax

indicated by Cmn, which can be considered as a fitness function. The fitness function
must also be modified to include penalty terms to address the scheduling constraints
[4]. In the current context, release dates rj constraints do not require penalty terms as
the individual will calculate the completion time Cik considering the release dates rj
on the first machine.

4. Parent Selection Strategy: It is necessary to distinguish among individuals, prefer-
ably based on fitness value, to identify better individuals as parents to generate off-
spring for the succeeding generation. The selection of individuals is highly proba-
bilistic. High-quality individuals have a high chance of becoming parents. Still, at the
same time, there is a slight chance that low-quality individuals get an opportunity to
become parents to avoid local optimum. The mating pool population Mp(t) must be
selected from P(t) for every generation. The offspring population Q(t) is produced
after Mp(t) undergoes crossover and mutation operations. There are different parent
selection algorithms available to choose from, namely, roulette wheel [4, 11], elite
selection [11], and k-way tournament selection [4, 8, 10, 11], which is employed with
k = 2 in the current context.

5. CrossoverOperation: New individuals are created by performing specific operations
on the selected individuals [4]. The crossover (or recombination) operation ensures the
creation of one or two offspring individuals by exchanging information between two
parents chosen fromMp(t). Multiple ways exist to accomplish a crossover operation,
namely, one-point crossover [14, 20], two-point crossover [11, 14, 20, 28, 30], Linear
Order Crossover (LOX) [2, 5, 16], and position-based crossover [16, 20, 28]. In the
current context, two offspring are produced using the LOX operation, as depicted in
Fig. 3. Randomness is created by selecting the parents randomly, identifying crossover
points, andgenerating probability rc randomly in [0,1] for comparisonwith predefined
crossover probabilityPc. If the rc ≤Pc, a crossover operation is performed; otherwise,
parents are exactly replicated as offspring.

6. Mutation Operation: The population diversity can be increased through mutation
operations that result in minor modifications in offspring. There are various methods
to carry out mutation, namely, reverse order mutation [12, 16, 28], insert mutation
[12, 16, 28], swap mutation [5, 11, 12, 16, 18, 27], and shift mutation [5, 14, 20,
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30], and so forth. A probability rm is randomly generated in [0,1] for comparison
with predefined mutation probability Pm. If the rm ≤ Pm, a mutation operation is
performed as depicted in Fig. 4; otherwise, there is no change in offspring.

Fig. 3. Linear Order Crossover (LOX).

Fig. 4. Reverse mutation.

7. Survivor Selection Strategy: A survivor selection strategy is defined as choosing
P(t + 1) from P(t) and Q(t) [4]. Here, (μ + λ) selection strategy is used to choose
the best μ individuals from P(t) and λ individuals from Q(t).

8. Termination: The algorithm needs to be terminated, and there are different options
to terminate the algorithm. The algorithm can be terminated after a predefined T gen-
eration [4, 5, 7, 17]. The algorithm can also be terminated when the change in fitness
value is within a threshold for a given number of generations. Also, the algorithm
can be terminated after the predefined CPU time elapses. Finally, the algorithm can
be terminated when the diversity in the population drops below a given threshold.
Here, the algorithm terminates if the fitness value remains unchanged for a specified
number of generations or after T generations.
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4 Computational Experiments

MILP and GA approach towards solving PFSS problem is implemented on Intel Intel
Xeon CPU E5–2420 V2@ 2.20 GHz with 64 GB RAM onWindows 10 64bit OS using
Python 3.9.16 64-bit programming language. The PFSS problem scenario discussed in
the current article is taken from local industry. However, the corresponding data cannot
be published. Subsequently, the Taillard data sets are taken from available sources to
validate the mathematical formulation and GA approach [25, 26]. The data set includes
processing times pij and Cmax as an upper bound, as shown in Fig. 5. The release dates
rj are randomly generated as they are missing in the Taillard data sets. The results
obtained from the GA approach were compared with those obtained from the IP solver,
namelyGoogleORTools,which internally employs theSCIP (SolvingConstraint Integer
Programs) framework [6].

Fig. 5. Screenshot of Taillard’s data set for n = 20 and m = 5.

The experiments are carried out for numerous Taillard data sets. Table 1 presents
GA parameters for solving different data sets. Two groups of experiments were carried
out. The mathematical formulation and corresponding GAwere solved assuming rj= 0,
i.e., an attempt was made to solve the Fm|prmu|Cmax in the first group of experiments.
These experiments were carried out to validate the mathematical formulation and GA
approach, and the corresponding results are presented in Table 2. It was noticed that
the Cmax obtained by the IP solver was in line with the upper bound listed in Taillard
data sets but computationally very expensive. The NEH heuristic can be relied on to
provide the initial solution for the GA approach. Finally, the Cmax obtained from the
GA approach has very minimum gaps, i.e., (GA − MILP)/MILP, obtained after a few
iterations, as illustrated in Fig. 6.
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Table 1. Parameter settings employed during GA computation.

Parameter Common Settings

Pc 0.8

Pm 0.1

μ 0.1

λ 0.9

n ≤ 10 10 ≤ n < 20 20 ≤ n < 50 n ≥ 50

N 50 100 150 200

#Similar Fitness 10 20 30 40

n ∗ m < 100 100 ≤ n ∗ m < 500 500 ≤ n ∗ m < 1000 n ∗ m ≥ 1000

T 50 100 150 200

Fig. 6. Progress curves of GA experiments for Fm| prmu|Cmax .

The mathematical formulation for Fm| rj, prmu|Cmax , and the implemented GA
was validated as part of the second group of experiments, with results presented in
Table 3. It was observed that the Cmax obtained by solving MILP was computationally
very expensive, and the solution by MILP solver did not converge even after 24 h of
computation time in case of larger problem size. Hence, the MILP solver is terminated
prematurely after 24 h, even before the objective function converges. On the contrary,
GA has reached fitness function convergence after a few iterations and in a few minutes.
Also, Cmax obtained from GA does not deviate from the (near) optimal value obtained
after a few iterations, as illustrated in Fig. 7. Also, the Gantt chart has been depicted
in Fig. 8. It is observed that GA converges to the optimal or near-optimal value faster
than the IP solver. Thus, the GA approach to the solution for the PFSS problem is more
accurate and reduces computational cost.
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Table 2. Computational results for Fm |prmu|Cmax .

Instance Problem Size mxn MILP Cmax NEH Cmax SLOPE Cmax CDS Cmax GA
Cmax

Gap
%

TAI1 5 × 20 1278 1299 1384 1443 1290 0.939

TAI2 5 × 20 1359 1365 1439 1469 1365 0.442

TAI3 5 × 20 1081 1132 1162 1355 1098 1.573

TAI4 5 × 20 1293 1329 1420 1514 1301 0.619

TAI5 5 × 20 1235 1305 1360 1367 1250 1.215

TAI11 10 × 20 1582∗ 1681 1790 1952 1646 4.046

TAI21 20 × 20 2297∗ 2443 2818 2823 2362 2.830

TAI31 5 × 50 2724∗ 2729 2774 2909 2729 0.184

TAI41 10 × 50 3025∗ 3164 3453 3829 3164 4.595

TAI51 20 × 50 3875∗ 4006 4272 4944 4004 3.329

TAI61 5 × 100 5493∗ 5514 5749 6076 5495 0.036

TAI71 10 × 100 5770∗ 5897 6161 6799 5846 1.317

TAI81 20 × 100 6286∗ 6584 7075 7601 6573 4.566

* IP solver was terminated prematurely after 24 h of computational time before the convergence
of Cmax .

Table 3. Computational results for Fm | rj, prmu | Cmax .

Instance Problem Size
mxn

MILP Cmax NEH Cmax SLOPE Cmax CDS Cmax GA
Cmax

Gap
%

TAI1 5 × 20 1457 1658 2109 2351 1599 9.746

TAI2 5 × 20 1593 1720 2258 2288 1716 7.721

AI3 5 × 20 1420 1496 1994 2174 1465 3.169

TAI4 5 × 20 1622 1777 2183 2277 1723 6.227

TAI5 5 × 20 1501 1559 2120 2275 1548 3.131

TAI11 10 × 20 1916∗ 2078 2502 2804 2023 5.585

TAI21 20 × 20 2744∗ 2698 3446 3670 2659 − 3.098+

TAI31 5 × 50 4729∗ 3586 4786 5103 3492 − 26.158+

TAI41 10 × 50 5321∗ 3927 5652 6125 3895 − 26.799+

TAI51 20 × 50 5800∗ 4749 6497 7354 4741 − 18.259+

TAI61 5 × 100 9715∗ 7292 10463 10871 7155 − 26.351+

TAI71 10 × 100 10418∗ 7579 10917 11658 7459 − 28.403+

TAI81 20 × 100 11914∗ 8279 12233 12280 8240 − 30.838+

* IP solver was terminated prematurely after 24 h of computational time before the convergence
of Cmax .
+MILP Cmax is not optimally computed, leading to a negative gap due to premature termination
of the IP solver
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Fig. 7. Progress curves of GA experiments for Fm | rj, prmu| Cmax .

Fig. 8. Gantt chart with Cmax = 1599 for Fm|rj, prmu|Cmax obtained by GA and corresponding
job sequence is 11, 5, 4, 3, 0, 8, 9, 13, 18, 15, 12, 16, 10, 1, 14, 6, 17, 7, 19, and 2, with job index
starting at 0.

5 Conclusions

A mathematical formulation using MILP for PFSS problem subjected to release date
constraints, i.e., Fm| rj, prmu| Cmax , was presented in the current article. As the problem
is an NP-hard optimization problem, computing a feasible or optimal objective value
is unlikely within a given time. Subsequently, the GA approach has been designed to
solve the MILP formulation. The computational steps involved in the GA approach
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are elaborated: choosing a solution representation, approach to initial population gen-
eration, determining fitness values, strategy to select parent population, performing
crossover operations and mutation operations, strategy to select survivor population,
and determining termination condition.

The Taillard data sets are inputs during simulation experiments with and without
release dates rj. Google OR Tools are employed to solve the mathematical formulation.
Likewise, theGA approach determines the fitness value and is comparedwith Cmax. The
comparison is done for the scenarios Fm|prmu |Cmax to validate both the approaches and
Fm | rj, prmu | Cmax for the actual scenario. The GA approach results in both scenarios
agree well with the IP solver. Moreover, the GA approach outruns the IP solver, as
indicated by the performance measured in CPU time for execution.

The proposed GA approach is significantly superior to a typical IP solver in terms of
computational cost (time), especially when many jobs and machines are involved, i.e.,
big data contextual scenarios often found in industries.
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Abstract. Big Data Progressive Sampling requires initial and final data bound-
ing values to generate optimal number of samples in order to train any learning
algorithm. Any learning algorithm can be trained for minimal hypothesis space.
Approximating data bounding to Rademacher Averages of a given hypothesis
space and learning algorithm ensure final data bounds with ε-Approximation.
This final Data bounding value serves as stopping criterion for Progressive Sam-
pling. Statistically optimal sample size estimation technique ensure minimal ini-
tial sample size. In this work, we propose a methodology to approximate initial
and final Data bounding to Progressive Sampling using local Rademacher in big
data Hadoop environment with experimental values along with computational
parameters. Also the performance of learning algorithm to various highly com-
plex big datasets for their corresponding initial minimal value and final Data
bound to Rademacher Averages are experimentally shown in Hadoop Distributed
environment.

1 Introduction

Learning a large set of hypothesis to classify a given dataset requires a right approxi-
mation of samples. Approximating quantity of samples needed for learning is a tedious
task. If the size of the data highly voluminous and complex in nature it further becomes
a statistically dependent problem and also NP- hard. To learn from such a big data, it
may incur huge cost and may have to trade off with computational ways and parame-
ters. Progressive Sampling is a mechanism to generate samples from highly complex
datasets such as big data. Since big data is vast and voluminous, it is very tedious tomake
multiple pass through databases and extract samples having qualities to represent whole
dataset. Statistical learning theory offers wide range of ways estimate and generate size
of datasets adequate enough to represent the entire dataset in single scan pass of the
database.
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Progressive Sampling is an iterative algorithm which runs using initial minimal
number of samples and final cardinality of sample set. PSA is designed to operate with
minimal sample size and to increment the size of sample set with fractional geometric
ratio and checked for accuracy of classifier whether or not, its classification is within
Probably Acceptably correct (PAC). The accuracy of classifier depends on the training
data set used. Samples generated using PSA decides the result of classification. However,
with the number of samples used for training and learning algorithm selected play overall
accuracy and computational efficiency. There are a good numbers of approaches proved
in past time regarding sample generation.

The Estimating an Optimal initial size and final bound to sampling process avoids
under sampling and over sampling in training phase. Thus lesser the difference between
Initial sample size and final boundmore optimal will be the cardinality of training sets ad
also less number of iteration in PSA. To estimate initial Sample Size Statistically optimal
sample Size (SOISsize) is reasonably better and to approximate Local Rademacher
Averages is proven to be good in all scenarios thanwhen compared to all recent advances.
HenceLocalRademacherAverageswhichhappens to be a statistical tool, is used to derive
bounds for learning problem.

The Existing work carried out based on statistical learning theory, there was no such
combination of statistical divergence and Local Rademacher averages used efficiently
to approximate bounds for big datasets in Hadoop Environment. Thus in this work
we propose a methodology which incorporates statistical divergence and Rademacher
averages in amassively parallel computing environment in order to derive initial and final
bound to generate samples for progressive sampling approach. To the best of knowledge,
the approach work guarantees to achieve better accuracy of classification while also
retaining the performance of classification to be within PAC framework than to all
concerned exiting works. Since this work confines to determine efficient samples over
all computational time for convergence of classifier reduces as the PSA would possibly
less computational time.

The present work on progressive sampling technique will have an overall runtime
that is proportional to the number of iterations it performs, which includes time spent
increasing the sample size at each iteration and time spent training the classifier until
the stopping requirement is satisfied [9, 10]. In this case, the classifier’s convergence
to ensure that it is within the PAC framework is referred to as the stopping criterion.
Big-Oh (Sample size + Sample Schedule computation time + Training Classifier and
Testing run times) can be used to express the overall computing time for progressive
sampling.

In the Section one defines the motivation of PS in Big data, initial sample size sam-
pling problems in Progressive Sampling in big data, problem formulation, and outcome
of PS in Big data. Section two studies the background. Section three covers preliminaries
of statistical divergence and Rademacher averages. Section Four provides the proposed
method statistically optimal sample size (SOISSIZE). Section FIVE provides the pro-
posed method Final Bound estimation. Section six provides validation of the dataset
with experimental setup and compares results obtained with the existing state. Section
seven gives comparative studies.
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2 Background

In this section, the essentials of sampling in big data and data mining with the need for
progressive sampling, optimized Convergence and divergence of learning algorithms
for optimal training datasets, apply of discussed issues in big data parallel computing
environment-related issues are discussed as follows:

The sampling of large data has proved versatile in solving many data mining tasks in
addition to its primary usage in training classifiers. For example, in the paper [10] proved
that sample set cardinality derived using Chernoff bounds can reduce the time consumed
to mine association rules. However, such size bounds were found to be too conservative
in practice. In the paper [8, 12] provided a VC- dimension-based sample bound on Big
Data sets for the randomized algorithm PARMA which extracts frequent item sets and
associations. In the paper [12] provided Rademacher Averages-based sample bound on
Big Data sets for the randomized algorithm PARMA which extracts frequent item sets
and association rules.

In the Sampling data Methodologies on progressive sampling discussed by Bradley
et al. proposed and proved that existing clustering algorithms can be scaled up to large
databases by a repeated updating of the current model with randomly drawn samples
[13]. Sampling is also widely adopted in database retrieval methodologies. For instance,
according to the self-tuning samples presented by Ganti et al., the probability that a tuple
will be chosen is proportional to how frequently it must respond to inquiries. (exactly)
[14]. However, in both [12] and [13], It is not indicated how to select the appropriate
sample size.AlthoughGanti et al. also offered ametric to quantify the difference between
two data sets in terms of the models constructed by a certain data mining technique [11],
which might address the issue of generating models using random samples, it did not
address how to choose the appropriate sample size.

The Sampling of data size were discussed by Baohua Gu and Bing Liu [8] proposed
a similar work to that of Ganti et al. [11, 13, 15] in providing a metric to put a number
on the variation between two data sets. However, the work discussed in [8] is based
on statistical information divergence of data sets mostly from the UCI repository, and
Sample sizes derived were independent of any data mining algorithm unlike in [3].
Alfonso Estrada and Eduardo F. Morales [27] proposed a Novel Progressive sampling
technique aiming to reduce the overall run time to estimate the samples required for the
convergence of any learning algorithm. However, the selection of the initial sample size
by the work discussed in [28] is dependent on both types of data sets in use and the
algorithm was chosen to act upon that data. Both [28] and [8] have not addressed the
problem of huge data sets such as big data in Distributed Computational environments.
For the concept of the most number of samples required for the convergence of learning
algorithms use of statistically derived bounds by Matteo Riondato outdates all previous
works [12]. However [12] [8, 13, 15] does not focus on improvising contemporary
strategies followed in progressive sampling design. The fact that the initial sample size
chosen crucially determines the overall run time of any progressive sampling algorithm.

In the Rademacher Approximation is statistical tool to derive bounds on datasets
required for the convergence of learning problem [18–21]. To determine the sample
numbers required to obtain the necessary accuracy for adaptive learning, localized
Rademacher complexities are made use of. Such probabilistic bounds have been proved
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on the number of active examples and several applications to binary classification prob-
lems are considered [18]. Function classes can be created as combinations of functions
from basis classes, and they can be shown to have Rademacher and Gaussian com-
plexities that are constrained by the complexity of the underlying basis classes. [19,
22]. Biomedical data sets were efficiently used to estimate total sampling size using
progressive sampling without deal with its initial sample size [23].

The research work proposed in [7, 12] demonstrate the use statistical bound such as
VC-Dimension and Rademacher Averages to derive ε-Approximation of given datasets
and thus contributes to generate training samples in a one-shot sampling scheme. How-
ever, this may lead under sampling or oversampling depending on the type of dataset
and classifiers used in learning. Even though [12] achieve parallel processing and one-
time database scanning, it has not considered overall sampling time and heterogeneity
scenarios of datasets and learning algorithm. On the other hand, work proposed in [8]
proposes methodologies to compute minimal initial sample size for simple data sets
which can fit into primary memory. In the phase of improvisation of iterative nature of
progressive sampling scheme for big data, work contribution from all previous works
aims little towards optimization of computation. In this work, an enhanced methodol-
ogy named Statistically Optimal Initial Sample size (SOISsize) for deriving to derive
the initial minimal sample set size is provided. This work can be applied to carry out
Progressive sampling on Big Data with size beyond the capacity of main memory,
in a distributed computational environment such as HDFS. Since all computations in
the proposed work are optimized in a parallel computation using Hadoop, the overall
performance comparatively out rates all concerned previous works.

3 Progressive Sampling of Big Data

In this section architecture of computation and data handling in a big-data Hadoop
environment is modeled and discussed. The multi-Vectored and highly dimensional big
data set can be loaded to Secondary memory and preprocessed to apply Map Reduce
function to generate key-value pairs. In the followingSect. 3 Progressive Sampling ofBig
Data. The Fig. 1 shown below clearly depicts the architecture of big data in a distributed
file system architecture.

Fig. 1. Architecture big data sets in the Hadoop environment

In the Fig. 1 give conceptual modelling of usage of big data in parallel computation
environment. Data sets considered for the processing and analytics will be loaded into
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the HDFS system which names node. Entire data sets which require Giga bytes of space
in memory will be loaded to n data nodes while all metadata required for controlling
the data node will be kept created in the data node. HDFS analyses the data pattern and
reports errors in the consistency of data. All reported error data will be resolved with
basic preprocessing techniques [38]. Preprocessing techniques such as normalization,
filling missing values, feature verification and selection, etc. are incorporated here. Post
to preprocessing Map Reduce framework is applied to reduce the data to key-value
pairs. Further preprocessed data will be subjected to parallel computation to estimate
the initial minimal sample size. Pre-Processing stages applied to Biomedical and UCI
big data incorporate the following standard procedures. Data chosen for the estimation
of the initial minimal sample size and sample set is an acquisition from various data
sources.

3.1 Normalization

This pre-processing stage ensures that each row in the data set has a unit norm. Any row
in the data set chosen, if found to mismatch in the expression of the unit for any quantity,
such rows are normalized to maintain integrity.

3.2 Data Imputation

Data imputation is a technique where the missing value row will be retained by sub-
stituting it with a suitable value. The substation of value depends on the probable and
classified reason for missing data. For the biomedical dataset chosen for estimating the
initial sample size, the most occurring value is replaced.

3.3 Feature Selection and Extraction

The selection of a subset of features concerned with the setting of the experiment refers
here to as feature selection. Most prominent features are just sufficient to make analytics
hints feature selection, eliminating themost redundant ones. Extraction is a technique that
can be applied to a subset of features to estimate a new feature in the case of biomedical
data set incorporated for progressive sampling, any additional features related to visibility
or structure are introduced.

3.4 Hadoop Distributed File System

Hadoop Distributed File system implements a multi-node cluster mechanism to store
data in a data nodes system called racks. Each data node has processing and storage
capabilities. All data nodes are configured and controlled by a special node called the
Name node. All data nodes under a single name node are enabled to run distributed
applications including mining and analytics. In this context after preprocessing of big
data sets, generated key-value pairs will be sued to estimate and determine a minimal
initial sample set for a progressive sampling of big datasets using Rademacher Averages
[39].
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3.5 Map-Reduce Framework

Map–Reduce Algorithm generates key-value pairs out of the data provided to it as input.
Mapping algorithms map data in different blocks and generate intermediate key-value
pairs which will be provided as input to Reducer which reduces key-value pairs which
will be then saved in HDFS. The Map Reduce algorithm is constructed based on two
functions such as a map and reduce where the input is obtained from the key-value pairs
which are denoted as (k,v). The map function obtains a pair of inputs in a single iteration
and provides a multiset of pairs i.e. {(k_1,v_1),(k_2,v_2),…,(k_n,v_n)}. The multiset
union is denoted as U which is comprised of the multisets of map function when it is
applied to every pair of inputs. The set U is partitioned into U_k , where the specified
key is denoted as k and the U_k is comprised of the pair of values denoted as (k ,v).
Similarly, the reduce function takes the input key as k and provides multiple sets of
values [38, 39, 40].The results of pre-processing of big datasets are tabulated as follows

Table 1. Analysis of preprocessing on datasetss.

Data set Features
selection

Features
Extracted

No missing value
rows and imputed

Size in GBs, Framework

ECBLD 985 3 35 23 HDFS

Medicare 123 3 56 25 HDFS

Melanoma 117513 0 23 103 HDFS

Splice 100000 3 789 98 HDFS

adult 14 2 6 0.2 HDFS

Census 14 2 5 0.2 HDFS

LED 7 2 7 0.1 HDFS

COVType 54 2 7 0.5 HDFS

In the Table 1 provides a complete analysis of each dataset loaded to Hadoop and the
methodology applied on each data node to reduce the loaded data into key-value pairs

4 Statistical Divergence and Rademacher Averages

If a given dataset D, R is called to be Range space where R ⊂ D. Range space Ri
∈ R will be used to locally estimate sample size and later all of them are aggregated
to form a Statistical Optimal Sample size. The primary criteria to estimate the sample
size locally at each data node is to consider sample quality. The metric adopted here to
measure the quality of a sample is Divergence or Deviation contributed by Kullback’s
InformationMeasure [12].AlthoughDivergenceConcept is used in theirworkbyBaohua
Gu and Bing Liu [8] to estimate it did not experiment with Big data sets in a distributed
environment.
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4.1 Divergence

If z is a particular value of any generic variable Z and Hi is the concept that Z is from a
statistical population with generalized probability densities (under a probability measure
λ) fi(x), i = 1, 2, then the information divergence [8] is defined by

J(1, 2) = ∫(f1(x) − f2(x))(log f1(x) − log f2(x) dλ(x)).

According to [8][8] J(1,2) is referred to as a measure of the divergence between
hypotheses H1 and H2 which indicates the measure of the difficulty of discrimination
between them. Given twomultinomial populations, if Pij is the probability of occurrence
of a jth value in the ith population then the information divergence is

J(1, 2) = �cj = 1(p1j − p2j) (log p1j − log p2j)

The information divergence has a limiting property which is described in theorem 1
whose proof can be obtained from [8]. Theorem 1 serves as a fundamental basis for the
estimation of Sois.

Theorem1: If f(x) is probability density function and {fn(x)}, is a series of probability
density functions where n→ + ∞, denote the information divergence from fn(x) to f(x)
as J(fn(x),f(x)), then we have, if J(fn(x),f(x)) → 0, so that fn(x)/f(x) → 1[λ], uniformly.
Here [λ] refers to the limitation and the fraction held in a probability measure λ. [8].

Definition 1: For any Range Space R (with n attributes) subset of a big data set i.e. R
⊂D being processed in distributed environment such as HDFS and its sample S, then the
quality of sample Q(S) = exp(-J(S, R)) where JK(S, R) denotes information divergence
between S and R on attribute K and it is given by J = (1/n)

∑
nk = 1 JK(S, R) [8].

To calculate JK(S,R) at each data node of theHadoop systemall categorical attributes
are treated as multinomial and continuous attributes such as numerical attributes are also
treated as multinomial by considering respective bin classes and bin class frequency
through the construction of histograms. As per [8] the information divergence J > 0,
hence 0 < Q ≤ 1, where Q = 1 means that no information divergence exists between
S and R. Larger the information divergence, the smaller will be the sample quality; and
vice versa [8, 24].

Upon a single scan of a specific Range Space R at each data node, both categorical
values and frequencies of numerical values that fall in the bins can be incrementally
gathered. Since scan and quality measure to estimate minimal sample size, runs parallel,
the time complexity of calculating sample quality at any data node will be O(Nd) where
Nd is the total number of instances at each data node. Since all data nodes inHDFSworks
the parallel same amount of time would require to process the entire data in HDFS and
measure sample quality and hence to have an approximation of the quality of all samples
in the entire data as a whole.

At each data node of Hadoop, occurrences of categorical values and Frequencies of
numerical values can be incrementally collected. Hence Time complexity of calculating
sample quality is O(Nd) (Nd is the total number of instances at any one data node of
HDFS) [25, 26]. Since computation runs massively parallel time taken by one data node
to compute the sample quality will be the time for the entire big data set. However, data
processing speed depends on the nature of the data under processing. Space complexity
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issues are trivial in impact as HDFSmanages the entire data set on a secondary disk only.
One scan of data at each node is sufficient enough to make processing and analytics.

4.2 Rademacher Averages

Within a PAC framework and statistical learning setting, it can be assumed that a learning
algorithm chooses its hypothesis from some fixed hypothesis class H. Generalization of
error analysis provides theoretical results bounding generalization of error of hypotheses
h e H which will be based on the sample and properties of hypothesis class. For any
given hypothesis h, its generalization error is the probability that a randomly drawn
example is misclassified;

εp(h) = P(h(x) �= y)

Although goal of any learning algorithm is to find a hypothesis with a small gen-
eralization error, it cannot have computed on sample per se, as it would also depend
on probability distribution P. However, an attempt can be made to approximate gener-
alization error of hypothesis h, by its training error on n examples: where L is 0/1 loss
function

εn(h) = 1/n
∑

ni = 1 L(h(xi ),Zi )

L
(
z, z′) = {(

1, if z �= z′) , (0, otherwise)
}

The Empirical Risk minimization (ERM) is a principle according to which only such
hypothesis whose training error is minimal is to be chosen. To ensure that ERM yields
hypothesis with small generalization error the bound suph∈H| 1p(h)- 1n(h)|can be used.
The difference of training error of hypothesis h on n examples and true generalization
error converge to 0 in probability as n tends to infinity, provided examples are independent
and identical in distribution while the hypothesis class H is not complex. A Rademacher
Random Variable (Koltchinskii 2001) takes values + 1 and –1 with probability 1/2
each. Let Rademacher random variables r1, r2, r3,…..rm be i.i.d. Rademacher variables
independent of the data (x1,y2),. (xn, yn). The Rademacher Penalty of hypothesis class
H is defined as follows

Rn(H) = suph ∈ H
∣
∣
∣1/n

∑
ni = 1 ri L(h(xi ), yi

By symmetrisation inequality of the theory of empirical processes

E{suph ∈ H |εp(h) − εn(h)| } ≤ 2E{Rn(H)}} (1)

where expectations are taken over the choices of examples on the left and over the choice
of examples and Rademacher random variables on the right hand side. Using standard
concentration of inequalities that with probability at least 1-δ

εp(h) ≤ εn(h) + 2 Rn(H ) + ε(δ, n) (2)
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where ï(δ, n) = 5
√
(ln(2/δ)/2n) is a small error term that takes care of fluctuations of

analyzed random variable around their expectations. The usefulness of the inequality
(2) is raised from the fact that its right hand side depends only on the training sample
and not on p directly. This means that Rn(H) can be computed with algorithm used for
ERM.

Rademacher Penalties can be applied to provide approximate solution to progressive
sampling algorithm, particularly in estimation of stopping time in terms data dependent
upper bound ( 1-Approximation) of sample set used for training the learning algorithm
(Koltchinskii et al. 2000). The minimal number of samples required to guarantee ERM
is within a distance of 1form generalization error of h for every h ∈ H:

Argumin{Pr{suph�H || p(h) − εn(h)|)| ≥ ε} ≤ δ} (3)

The rademacher stopping time v( 1,δ) with parameters ( 1,δ) for hypothesis of class
H is

v(ε, δ) = min{ni = 2i n0(ε, δ)|Rni(H) < ε} (4)

Koltchinskii et al. (2000) derived data dependent results that hold for any distribution
that could have produced a sample S.

4.3 Algorithm for Starting Sample SizeEstimation (SOISsize) andApproximating
Final Bound for PSA

Determining initial sample size for iterative progressive sampling algorithm critically
plays a role in overall convergence time and input data sufficient enough to be within
PAC framework.

a. Program Code Starting sample size Estimation (SOISsize).
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b. Program Code approximating final bound for PSA.

5 Results and Discussion

Experiment setting for the objective of this work considers I.I.D (Identical and indepen-
dent distribution data) and structured big data whose memory requirement are beyond
primary and very high dimensional. A brief about the datasets used and pre-processing
of the same are tabulated in the tables

5.1 Experimental Set up

The proposed algorithm for computing final bounds and initial bounds for Progressive
sampling is implemented using python programming language. A python implementa-
tion PSA available at used https://github.com/yuexy/PS-ViT.git For testing behaviour of
classifier implementation available at https://github.com/topics/naive-bayes-classifier is
used and accuracy computed. The evaluation is carried out in a system with an Intel i5
2.7 GHz processor, 6GB Random Access Memory (RAM), and windows 10 operating
system. All computations were carried upon UCI data sets. Determining initial.

5.2 Result Analysis

The result shown below the number of instances and type of dataset. Datasets listed
in above table ar chosen from biomedical domain because of volume and veracity.
The proposed algorithm for computing final bounds and initial bounds for Progressive
sampling is implemented

https://github.com/yuexy/PS-ViT.git
https://github.com/topics/naive-bayes-classifier
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Table 2. Font sizes of headings. Table captions should always be positioned above the tables.

Domain ECBDL Insurance Claims Clinical records Genomics

Big data datasets Proteomics Medicare Melanoma Splice

Native instances 7998231 3692555 9531408 4627840

Positive Instances 171,933 1409 17246 14549

Class ratio 2.15% 0.03815% 0.181% 0.341%

Features 985 123 117513 1000000

The results shows in the Table 2, the number of instances and type of dataset. Datasets
listed in above table are chosen from UCI website for machine learning repository
because of velocity and veracity.

Table 3. Font sizes of headings. Table captions should always be positioned above the tables.

Domain ECBDL Insurance Claims Clinical records Genomics

Big data datasets Adults Led census covtype

Native instances 48000 100K 199.5k 581012

Positive Instances 36000 NA 48842 360000

Class ratio 51.23% 45.76% 2.84% 5.98%

Features 14 7 14 54

In the Table 3 provides a complete analysis of each dataset loaded to Hadoop and the
methodology applied on each data node to reduce the loaded data into key-value pairs

Table 4. Font sizes of headings. Table captions should always be positioned above the tables.

Datasets Total Data Initial Bound(Sois) Final Bound

ECBDL 7998231 1279716 5118864

Medicare 3692555 590809 1772427

Melanoma 9531408 1,525,025 6100100

Splice 4627840 740454 2221362

adult 48000 8000 16000

led 100K 10000 20000

census 199.5k 35000 70000

covtype 581012 70000 140000
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Table 5. Font sizes of headings. Table captions should always be positioned above the tables.

Data set Features
selection

Features
Extracted

No missing value
rows and imputed

Size in GBs, Framework

ECBLD 985 3 35 23 HDFS

Medicare 123 3 56 25 HDFS

Melanoma 117513 0 23 103 HDFS

Splice 100000 3 789 98 HDFS

adult 14 2 6 0.2 HDFS

Census 14 2 5 0.2 HDFS

LED 7 2 7 0.1 HDFS

COVType 54 2 7 0.5 HDFS

The results shown in the Table 4 and Table 5 the values of initial bound and final
bound for PSA big data set on which progressive sampling will be performed (Table 6)

Table 6. Accuracy of classification comparison with exiting methodology

P-ID Type of Big
data

methodology Rademacher
Bound records

Avg Tpsa Accuracy of
classification

[35] Volume and
veracity

Monte-Carlo
Empirical
Rademacher

census covtype 91.3%

[29] Volume and
veracity

Local
Rademacher
Averages

Not Discussed Not
Discussed

95.4%

[2] [3] Volume and
veracity

Global RC
bounds

Not Discussed Not
Discussed

89.2%

[7] Volume and
veracity

Rademacher
Averages

Not Discussed Not
Discussed

91.8%

[33] Volume and
veracity

Global RC and
XRC for binary
classification

Not Discussed Not
Discussed

91.8%

[34] Volume and
veracity

Rademacher
Averages

Not Discussed 12.3 91.8%

Proposed
work

Velocity,
Volume and
veracity

Local
Rademacher
Averages in
parallel
computation

Not
Discussed

8.5 95.3%
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Figure 2 Plot of results obtained are shows the plot and comparison of total instances
in the dataset and their bounds

Fig. 2. Total instances in the dataset and their bounds

The Fig. 3 results obtained are shows the plot of accuracy achieved by training of
Naïve Bayes classifier for both biomedical and UCI datasets. Using Local Rademacher
Averages to derive bound for PSA a classification accuracy of 95.3 can be achieved

6 Comparative Study

The comparative Table 5 shown below are the Mote-Carlo Empirical Rademacher Aver-
ages adopted to derive new bounds on UCI data sets to approximate pattern mining and
achieved an accuracy 91.3. Matteo Riondato and Eli Upfal [29] have presented an esti-
mation of ε-Approximation of frequent item set via progressive sampling approach with
Rademacher averages with an assumed random initial sample set size [29] has used local
Rademacher averages to derive bounds and achieved an accuracy 95.4% in classification
[2, 3] adopted Global RC Bounds to achived an accuracy of 91.8 [7] uses Rademacher
Averages and arrived at an accuracy of 91.8%. Proposed work makes use of Rademacher
Averages to find final bound in HDFS environment and achived an accuracy of 95.3%
with reduced computation time for convergence of classifier.
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Fig. 3. Accuracy achieved by training of Naïve Bayes classifier for both biomedical and UCI
datasets.

7 Conclusion

In this research work proposes approximated bounds to local Rademacher averages of a
function learning algorithm to ensure minimal training and reasonably accurate classify-
ing rate. Recent advances in Rademacher Averages were evaluated to ensure that Local
Rademacher Averages provide best approximation to all scenarios. Leveraging, potential
of massive Parallel Computation technology like Hadoop to approximate Rademacher
Averages for complex big data sets is achieved which results substantial improvements
in overall time and space complexity of Progressive sampling algorithm. The proposed
methodology provides best approximation of Rademacher bounds to ensuring that PSA
will be reasonably efficient. The Methodology SOISsize (statistically optimal sample
size) adopted here to estimate Initial sample size also ensures to maintain possibly less
difference between final and initial value for PSA. Thus, this works significantly con-
tributes to reducing training time and cost of learning algorithm while also keeping
the result of a classifier to be in the probably approximately correct framework as the
classification results is within PAC (Probably Approximately Correct Framework)
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Abstract. The COVID-19 global pandemic has affected the world in such a way
that it has forced new systems to inhibit Augmented Reality (AR) technologies so
as to avoid physical contact and also the business have turned to remoteworkmode.
The Augmented Reality solution to help us through pandemic challenges and it
may just represent the future of world business. Virtual try-on is an advanced way
of trying a product. In this project, we examined and reviewed the existing works
where they augment the face data and based on training models employed output
is displayed as a blend of virtual and real object. Among many approaches, our
emphasis is on models which inhibit deep learning and machine learning models
with generative adversial networks which are faster and more accurate. We are
comparing various technologies for e-business that are trying to create a virtual
image using web camera. The proposed model will work in the following way:
When a person enters beside camera’s vision, Camera will start capturing the live
video stream of him which is nothing but a short video of specified frames. The
deep learning algorithm works in background will capture the facial encodings
of the person based on product which he wishes to try. Each time a new person
enters into our portal (when he come’s infront of camera), dynamic input of his
face video stream is taken and based on the product which he/she wishes to buy
facial encodings of that part is extracted and virtual product will be blended along
with specified facial part. Final product will be a virtual try-on experience where
in a person could actually visualize how his product would look when he actually
wears it. The enhanced product is created by integrating deep learning and classical
machine learning approaches, with the input given to the convolutional neural
network being processed. For better interface with the user a website built using
HTML and CSS is used to develop a front-end framework.

Keywords: Augmented Reality · Deep Learning · Data Augmentation · Deep
Neural Network

1 Introduction

Augmented reality (AR), which is a subset of Virtual Reality (VR) is a rising tech-
nology that provides a visual experience of object that reside in physical world which
are enhanced by the machine object (virtual object) across multiple sensatory such as
face, voice, dynamic image etc. COVID-19 has turned to be a global pandemic and it

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 291–302, 2025.
https://doi.org/10.1007/978-3-031-75608-5_23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-75608-5_23&domain=pdf
https://doi.org/10.1007/978-3-031-75608-5_23


292 V. S. Bhat et al.

has affected world in severe terms. It has caused a severe amount of deaths and it has
put many people’s life in darkness, hence to overcome from this pandemic many coun-
tries announced lockdown which intern shifted the office work to remote work. Since
lockdown made physical marketing impossible the focus shifted to virtual/augmented
reality-based approach. Augmented Reality is one of the new innovations that deliver
immersive solutions for companies through digital marketing platforms [1]. The out-
break of COVID-19 has pushed the adoption of Virtual Reality. This is increasingly
considered essential for ensuring business continuity. VR adoption is rapidly becoming
mainstream for a variety of industrial and commercial applications. The future of virtual
reality is bright, and it is anticipated that those who do not adopt this technology now
will be left behind in the future [2].Virtual try-on is a new approach to shop online.
Since e-commerce sector is leading the global economy virtual try-on-based approach
can surely turn to be a catch as it enhances marketing at remote areas with less cost. It
also saves the time of traditional shopping and opens up many more opportunities for a
customer. In a virtual try-on-based shopping approach, in internet purchasing, customers
can select their favoritemakeup/beauty products by comparing the actual wearing effects
of various samples on lips and eyes [3]. When a person walks into the field of view of
the camera, the camera begins recording a live video stream of him, which is nothing
more than a brief video of predetermined frames. In the background, a deep learning
algorithm will collect the person’s facial encodings based on the product he/she wants to
sample. When a new person opens a website a dynamic input of his face video stream is
recorded, and based on the product that he wants to buy, facial encodings of that portion
are extracted, and a virtual product is blended with that part. The final product will be
a virtual try-on experience that allows users to see how their purchase will look when
worn [4]. Let us assume that the original face data set as S then face data augmentation
can be calculated by the following mapping function: ∅:S → τ.

Where τ is the virtually augmented set of S which is the plain face datapoints. Hence
now the original dataset has been extended by combining the original and augmented
sets.: s^′ = s ∪ τ.

This Augmented Reality Virtual Try-On is an online shopping website. Which
involves augmenting the face related fashion products for lips, face and for eyes. Thus,
the system provides user a virtual vision on how the product could actually look on them
when they physically apply it. This is achieved by accessing webcam of the user. The
user when enters the field of the view of the camera, there the camera captures the live
video stream of user of specified frames which is input to our system [5]. When the user
selects a particular item to try out, based on selected item the module extracts the target
parts encodings and superimposes the virtual product on the target part and hence the
user can try out various brands and decide whether that particular item suits him/her
or not by them experience like manual shopping. There are many products which we
apply on face which lack in displaying how it looks without actually applying it. The
proposed project only covers face related accessories. The system consists of a camera
and a inbuilt module (includes face detection and augmentation algorithms, user web
interface, database which has collection of images of various virtual objects) [6]. Web-
site actually provides listing of various products and their virtual try-on. Firstly, user has
to login to our portal and should provide required credentials, later on he could access
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various facilities provided by our website. To employ these functionalities, we use ‘Deep
Neural Network’ for face data augmentation, ‘MongoDB database’ to store images and
HTML, CSS to clone it to a website.

1.1 Full Stack Development

Full stack development is the creation of both the front end (client side) and backend
(server side) components of a web application. Full stack web developers can create full-
fledged web apps and websites. It will perform on the frontend, backend, database and
debugging of web applications or websites. The front end is responsible for the visual
look and feel of the website, while back end is responsible for the behind-the-scenes
logic and infrastructure of the site [7].

1.2 Front-End Web Development

It is the visible portion of a website or online application that is responsible for the user’s
experience. The front-end part of the web application or website is directly interacted
with by the user. Client-side development, also known as front-end web development,
is the process of creating an user-friendly and interactive interface that allows users to
interact with the platform so as to navigate it or enter user data as required. It entails the
use of HTML, CSS, and JavaScript, among other web technologies and tools. HTML
is a mark-up language that determines a web page’s structure. It defines the appearance
of a web page and can be thought of as the backbone of any online application. CSS is
a language for style sheets that enhances HTML texts with additional style and design.
Among these technologies, The latest language is called JavaScript. JavaScript modi-
fies the Document Object Model (DOM) in HTML to give users a dynamic interface
[8]. Furthermore, it provides users with an interactive interface by generating pop-up
messages, form validation, and layout changes based on mouse or user input clicks. To
create a front-end web interface, the browser controls all of these technologies.

1.3 Back-End Web Development

It is the server-side connection of a web application that informs the server upon which
webpage to serve depending upon the user’s request. It is in charge of maintaining the
database up to date using queries and APIs via client-side instructions. The implemen-
tation of computer programs and databases that will be utilized to service the client
is known as server-side development, also referred to as back-end web development.
Both front-end as well as back-end services are required for a web application to work.
Back-end technology frequently uses a variety of programming languages, such as PHP,
Ruby, Python, Java, Node.js, and numerous frameworks [9].

1.4 Database

Many websites store data whose data is saved on a database server with SQL. When
retrieving quarry data from database servers, a full stack developer utilizes a software
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program such as MySQL. Because many people use the SQL language, a well-liked
program substitute for MySQL is MongoDB and different database servers are available
Databases are similar to collections of tables or spreadsheets that are connected by fields.
IDs and keys enable fields to function so that database tables are correctly structured.

2 Methodology

A Data present in real world entity seems to be superimposed with virtual object (com-
puter generated object) using AR technology. It is accomplished by blending a machine
generated object (virtual object) with the real-world object. There are four forms of
transforming plain data into virtual reality - namely marker dependent, marker inde-
pendent, projection dependent and superimposition dependent augmented reality. Here
we employ superimposition-dependent approach. There are many AR systems which
employ superimposition-dependent approach. AR has a good scope in the improve-
ment of medical results, manufacturing speed, education quality, entertainment field
and robotic operations. Augmented reality and Virtual Reality are complementary [10].
The camera captures the input video and geometric adjustments were done so as to fit it
with virtual image. The computer-generated object is superimposed on real world object
using ARmodule on real time. This superimposition creates an augmented product. Vir-
tual Try-On facility allows user to try different product they wish to purchase in online
shopping. Products which we focused to implement here are those that are applied on
face. Web camera captures train of images called frames from user as input. After the
face recognition, virtual try on technique is applied for the user and user satisfies with
that product then he/she can buy from the website.

Fig. 1. Block Diagram of Augmented Reality virtual try-on
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Fig. 2. Process design flow of virtual try-on system

The Fig. 1 represents the block diagram of our overall system. For the use of Aug-
mented Reality technology in various virtual try-on systems, it is important to merge
virtual things into the actual world. Face recognition is the primary process of system
implementation. Face recognition has many processes involved within itself namely
face tracking, feature extraction, face detection, and normalization, reduction in size
(for optimization) and matching recognitions. From the input captured the actual range
of face should be available if not then optimization is required. Face detection can take
image or a video as an input. If the input is still image then face data extraction is
done instantaneously; if input is a video stream then facial data extraction of each frame
is performed and values are normalized to obtain final results. Frame the input face
image feature extraction is done for augmentation. The extracted feature is stored in a
high-dimensional matrix vector, where the values correspond to the pixel values. Since
facial features data set is huge processing of it increases time and space complexity. The
geometric features of face are adjusted before training which enhanced the model’s effi-
ciency in training input face. From input face image the target part is labelledwith feature
points which are nothing but dots which computer can analyze. After many processes of
rotation, translation and scaling, the selected image now is said as primary sample. The
local plain parameters are extracted from the facial images after the feature reduction. In
order to increase the positioning accuracy of themodel, the robust SIFT (Sender Initiated
File Transfer) algorithms used for extracting the local or primary features to generate
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the first sample [11]. Augmented reality involves blending the user’s real-time image
with digital overlays to form a better interface where user can try many products, before
selecting their final product to buy. Augmented Reality enabled virtual try-on system
allows buyers to experience the merchandise look on them with just screens before of
them. The foremost technologies involve identification, feature tracking and computer
vision.

The Fig. 2 represents process involved in virtual try-on. Based on camera input the
position of targeted object is visualized based on its geometric orientation and position
with respect to camera. The poses are adjusted either by changing the camera angle or
by moving the object. The face recognition model determines maps the 3-dimensional
geometric relationship between a point on the face surface and a point on the picture
or video frame. H is that the defined geometry of our head model. The parameters
are extracted by experiments and training the model by giving numerous inputs. This
process is named labelling. Camera labelling is necessary as it calculates and analyses
the geometric and optical properties of input and also helps in adjusting camera’s vision
relative to world frame of reference. The face pose estimation is done in following way.
In the first step wemap 2 dimensional co-ordinates on face imagewith the 3-dimensional
co-ordinates of corresponding points on 3D face model. Using this co-ordinate, the head
pose is calculated [12]. Supported posture of virtual object is mixed with real object to
provide augmentation output.

2.1 Model Construction Phase

The Fig. 3 explains how the color predictionmodel works and process involved in virtual
coloring of lips. WE obtain the input as the user’s lips color in terms of RED GREEN
BLUE and corresponding RGB values are calculated, we might wish to predict the RGB
of lip colors after wearing the lipstick. Numerical RGB values are calculated. This way
of representing color pattern is most commonly adapted in most of the computers.

Then considered 3 lipstick shades to map our prediction model. The data values
are scanned continuously and supervised learning algorithms which has property of
regression are used for predicting the lip color. For every lipstick variant, we employ a
mathematical approach which incorporates deep learning to find three basic functions,
one for each RGB component.

γR: RO, GO, BO → RN
γG: RO, GO, BO → GN
γB: RO, GO, BO → BN
where GN, BN, and RN are the required parameters (N represents the user’s worn

color) and BO, RO, and GO are the predictors (Omeans the first undertone color). When
the functions have been understood, theywill be placed to a test lip color [13]. As a result,
for three lipstick shades, a maximum of nine functions can be mapped.
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Fig. 3. Lips Color Prediction Approach

2.2 Color Prediction Model

Based on the obtained data values by training the input, a linear model that suit these
data values can be predicted using the (single or multiple) Linear Regression. Here we
match the RGB component with linear model to get the target object, blue for blue, red
for red, and green for green. For other color combination it combines red, green and blue
light to obtain desired color. RGB is incorporated in most of the on-screen applications
like graphic design, television and computer. Every color channel is represented from
0 (least saturated) to 255 (most saturated). Hence a total of 167,77,216 colors can be
represented using RGB color space.

2.3 Dlib Library

It’s an open source software library written in C++ for Machine learning applications.
One of the most important uses is face detection. This library uses a pre-trained model
that identifies 68 data points on the user’s face depending upon the position of the eyes,
nose and mouth. We are using this library to detect the eyes and mouth of the user and
to apply appropriate try on [14]. The Fig. 4 illustrates the 68 landmarks numbering on
the user’s face when using this library and Fig. 5 represents 68 landmarks when the
algorithm is run on the user’s face.
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Fig. 4. Sample of 68 datapoints on the user’s face

Fig. 5. 68 landmarks when the algorithm is run on the user’s face

2.4 Eye Detection

Facial features have a predetermined relationship. For example, themouth is at the lowest
point on the torso, while the eyes are at the highest part of the face.. This approach detects
the targets on the Region of Interest (ROI) region after determining the ROI of the mouth
and eyes, in order to increase detection accuracy and speed. The top one-eighth of the
image is removed, the bottom seven-eighths of the image are set aside for the eye ROI,
and the upper half of the image is filtered and saved as image1. This is demonstrated in
Fig. 6(a). The eye area is located in this ROI using the EyeMap algorithm. This method
is really effective. In the space, this method creates two EyeMaps, EyeMappingC and
EyeMappingL, as shown in Fig. 6(b) and Fig. 6(c) respectively.Which are then integrated
into a single map as shown in Fig. 7(a). The Fig. 7(b) represents the connected pair of
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components which are the used to characterize the eye region in rectangular box as
in Fig. 7(c). Experiments reveal that the eyes have high Cb and low Cr components
where Cb and Cr are difference in red a blue chroma component respectively. X and Y
represents the two coordinates and EyeMappingC is estimated as:

EyeMappingC = [[[ C]_b]^2 + [(255-C_r)]^2 + C_b/C_r]/3
EyeMappingL is calculated as shown below:
EyeMappingL = (Y*(X,Y)⊕g(x,y))/(Y*(X,Y) � g(x,y))
Then, EyeMappingC is multiplied by EyeMappingL to obtain EyeMaps.
EyeMaps = EyeMappingC * EyeMappingL

Fig. 6. EyeMaps construction illustration: (a) the original eye ROI (b)EyeMappingC.(c) Eye-
MappingL.(d) EyeMaps.

Fig. 7. Various stages of the eye tracking method: (a) Image of EyeMaps after color binarization.
(b) A connected pair of binarized components. (c) Use a rectangular box to characterise the eye
region.

2.5 Mouth Detection

The efficiency and time taken to detect themouth portion of the image is directly decided
by the ROI characteristics of the data points distributed across the mouth placed on the
face region. The lower part of the targeted face region contained the mouth region..
The bottom third of the face image is cropped out and stored as image2, as described
in the green box in Fig. 8(a), and the central portion of image2 is collected and stored
as the image of the mouth ROI. However, when the mouth opens wide (yawning), as
seen in Fig. 8(b), it is impossible to get a whole mouth region. The whole mouth region
is obtained by expanding the facial points’ height by one fifth downward, as shown in
Fig. 8(c).From this pixels will be selected and presented in Fig. 8(d).When the mouth
opens across a wider area, the ROI is too large, affecting the selective extraction of
the internal geometry/ROI within the mouth; consequently, essential to exactly targeted
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the mouth. The area around the mouth is exactly aligned using segmentation of lips
regarding the difference in color between the lips and the skin, and the lips are divided
based regarding the color intensity / chromaticity ‘S’ in the space of RGB [15]. The
chromaticity S value is calculated as follows:

S = 2 × tan−1(
R − G

R
)/π

Fig. 8. Several phases are involved in method of detecting the mouth: (a) Initial mouth ROI. (b)
The mouth expands widely. (c) The final ROI of the mouth. (d) Pixels chosen

The Fig. 9 and Fig. 10 illustrates the different virtual try-on for the eye such as eye
liners, mascara, eye-shadow, kajal and eyebrow. When the user opens this page, it uses
a web camera for face detection and whenever user select a particular product it will be
augmented on the user’s face. It has various makeup options for eyes and lips. It has
different sub section also with different colors. User can try any of these virtually.

Fig. 9. Virtual eye-liner try-on

Figure 11 illustrates the different virtual try-ons for lip makeup such as lipstick and
lip balm. A palette of colors is also provided for the user to choose from.
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Fig. 10. Virtual Kajal try-on

Fig. 11. Virtual lipstick try-on

3 Conclusion

A common problem faced by customers while shopping is the need to spend hours trying
out a variety of lipsticks and other makeup products physically. This can be a difficult
for user and the time available might be short. The proposed solution to overcome
this problem is the use of a Virtual Try-On that acts as a virtual trial room. It uses a
facial recognition technic and there by extracting the features of eyes and mouth. Then
different makeup colors for lips, eyes are augmented on it. Thereby eliminating the need
to physically try on and hence help to save the time. The project proposed here allows
the customers to choose the makeup of their choice This project can be improvised by
developing more features such as virtual clothing, glasses try on, and jewelry try on.
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Abstract. Stereo matching is used in several applications. Due to occluded and
mismatched regions, it is still considered as a difficult problem.An efficient cost for
matching and an adaptive support weight technique for cost aggregation to obtain
rawdisparity is proposed in this paper. Finally, the rawdisparity is refined to impro-
vise the stereo matching performance in occluded and mismatched areas. Initially,
an effective matching cost technique based on census transform is applied. This
matching cost can withstand any radiometric variations. Next, an optimized Adap-
tive support weights framework for cost aggregation is used. In this framework,
a joint bilateral filter and a guided filter are combined to form collaborative cost
volume filtering. Finally, a novel multistep refinement technique, including outlier
detection, interpolation and inpainting is proposed. The experimental outcomes
of the proposed method outperforms currently existing techniques on Middlebury
datasets.

Keywords: Adaptive support · Bilateral · Census · Disparity · Inpainting ·
Occluded

1 Introduction

Stereo matching focuses on finding a dense disparity map by comparing the correspond-
ing similarity between stereo images that are taken from separate angles. The depth
details of the scene is further calculated based on the disparity [1, 2]. The correctness
of the disparity map generated from stereo matching will have a significant control on
the resultant 3D reconstruction. Due to the existing noise, error in the matching, or any
kind of distortion available, stereo matching is a difficult task and hence estimating an
efficient disparity map continues to be a challenging issue. Stereo matching helps to find
the 3D details in an inexpensive way as compared to other methods which includes active
3D sensors like LiDAR, ToF, and structured light. The significance of stereo matching
is increasing lately, because 3D information finds its use in several emerging areas such

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 303–316, 2025.
https://doi.org/10.1007/978-3-031-75608-5_24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-75608-5_24&domain=pdf
https://doi.org/10.1007/978-3-031-75608-5_24


304 Deepa et al.

as virtual reality, augmented reality and robot vision. The two main properties in stereo
matching are accuracy and speed of disparity map. In the past decade, an extensive
research is carried out to increase the precision and reduce the computational time of
these algorithms. But, the stereo matching algorithms that are developed to obtain good
quality disparity map generally require higher computational time. The speed and pre-
cision are the preferable but conflicting characteristics. Therefore it is highly difficult to
realize both the characteristics at the same time. Hence, we need to focus on developing
an efficient stereo matching algorithm.

In this paper, an efficient cost for matching using census transform is applied. This
cost is robust to any radiometric deviations. We propose a combined ASW method by
performing cost aggregation using joint bilateral filter (JBF) and guided filter. Further
a new multistep refinement technique, including outlier detection, interpolation and
inpainting is proposed. The outcomes on Middlebury benchmark show the effectiveness
of the suggested approach.

2 Literature Review

A study on various stereo matching algorithms is performed in [3]. Depending on this
review, the stereo matching methods are categorized into local and global methods.
Global methods generally determine all the disparities by reducing the energy function
that is based on global optimization algorithm. The commonly used global methods
are graph cut method [4], belief propagation [5] (BP) and dynamic programming [6].
Li et al. [7] used a unique technique to enhance both the efficiency and correctness of
matching in the global methods. Wang et al. [8] implemented a technique for stereo
matching that relies on global correlation. This method has a good matching integrity
and produces good quality disparity maps. Wang et al. [9] proposed the technique of
using both local details and global details. In this method, a combined information for
gradient and intensity is used as cost function in BPmethod. This method performs quite
well specially in the texture-less and discontinuous areas. Pan and Liu [10] made use of
an auto-encoder in order to obtain the features which are then used for matching cost.
Despite of the high accuracy, computational time and the memory requirements of these
global methods are high.

Local methods use the similarities between neighbouring pixels in the given support
region. Initially, the cost for each individual pixel at given disparity value is computed
using certain measure for pixel correspondence. Next, to minimize the uncertainty in the
matching cost, the aggregated costs of each of the pixels in support region is computed at
all disparity. Later, the best disparity value that yields the least aggregated cost is adopted
using a suitable optimization method. The authors in [11, 12] applied the Census trans-
formation for the matching cost calculation. This cost is robust to radiometric variations
cost and produces good matching results. It overcomes the amplitude distortion caused
by traditional similarity measure function based on SAD. A local algorithm is proposed
by Chai et al. [13] that combines various measures of similarity cost. This algorithm
is effective and shows good results to lighting distortions. Local methods assume the
implicit smoothness of pixels in a support region. But, this do not hold good at discon-
tinuous regions and this may cause an edge fattening effect. Thus, in order to get good
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results both at the homogeneous regions as well as at depth discontinuities, a suitable
support window has to be chosen adaptively for every pixel.

The existing techniques for cost aggregation achieved limited accuracy, especially
in the mis-matched and occluded regions. The vital improvement in these algorithms is
the use of adaptive support weights (ASW)methods. These methods attain accuracy that
is similar to the global methods. The main goal of ASWmethods is allocating a feasible
weight to each pixel in the given support region. These weight assigned determines
the likelihood that the centre and a neighbouring pixel in the support region belong
to the same region. The concept of ASW strategy was first introduced in [14]. In this
approach, the pixel weight within a given support region is calculated depending on the
resemblance of the color and spatial displacement. The same idea is used in bilateral
filter (BF). ASW for facial images is proposed in [15]. The authors in [16] assigned the
weights in a support region by calculating the geodesic displacement to the centre pixel.
The guided filter (GF) is proposed in [17], showed better results over BF both in terms
of quality and accuracy. GF is used in [18] for filtering the cost volume and achieved
good quality results as compared to most of the local methods. They took one image as
the guidance image and used GF to conduct the filtering of cost volume. An improvised
stereo matching technique is presented in [19] which relies on the adaptive guided
filtering (AGF). They used adaptive window that is rectangular in shape, rather than the
square window of fixed size. An efficient matching cost criteria is proposed by Liu et al.
[20] that used an adaptive shape-guided filter-based technique for aggregating the cost to
enhance the performance of the in texture-less regions. Baek et al. [21] used the diffusion
of colour image and guided filter for cost aggregation but in the cost computation step
the absolute difference and gradient details are used. This takes into consideration only
the pixel information to be matched. Since the information of individual pixels might
be prone to noise, the accuracy may be less. The authors in [22] used the Sobel method
where the image is split into an edged and non-edged areas, later the non-edged areas are
divided into smooth and non-smooth areas using cross window method. But they do not
performwell in the outlier region. Information like gradient and colour difference to allot
appropriate weights to matching techniques was introduced in [23], which enhanced the
accuracy of matching in the weak-textured areas. But to calculate the matching cost they
used AD and gradient details which do not have sufficient reliable information. It did
not consider the information from the neighbouring pixels, that reduced the accuracy of
the algorithm. A segment-based ASW in cost aggregation is proposed in [24] which do
not produce good results in the outlier regions.

Most of the existing stereo matching algorithms tried to improve the accuracy but
there are still certain artifacts in the occluded and mismatched regions. These methods
have not focused much on the improvement of cost aggregation and disparity refinement
stage. The local stereo matching technique based on collaborative cost aggregation and
improved disparity refinement strategy is proposed. The experimental outcomes show the
proposed method performs well in the occluded and mismatched regions and generates
good quality disparity map.
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3 Methodology

The steps followed in the proposed stereo method is shown in Fig. 1. In the sections that
follow, the steps are explained in detail.

Fig. 1. Flow diagram of the methodology

3.1 Matching Cost Computation

Census transformation (CT) is used for matching cost computation [25]. It mainly relies
on the value of the neighboring pixels. Hence, the local matching algorithm that relies
on Census transformation has good resistance against noise in images that has large illu-
mination variations and hence produce a good quality disparity map. CT first considers
a window having pixel p as the center and compares the intensity of all the neighboring
pixels within the window. If the value of pixel p is more than the neighboring pixels, then
the value 1 is assigned to the resultant bit string, else, it is assigned as 0. Consequently,
the resultant pixel transformation is computed by combining them in the form of bit
strings. This can be formulated as follows:

CT (p) = ⊗q∈N C(ln(p), ln(q)) (1)
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Where C(ln(p), ln(q)) the function for comparison is, p is center pixel, and q represent
all the neighboring pixel in thewindow centered on p. ln(p), ln(q) are the intensity values
of pixel p and q respectively.

C(ln(p), ln(q)) =
{
1 ln(p) ≤ ln(q)
0 ln(p) > ln(q)

(2)

The bit string values of pixels are compared and the cost of matching is found using
the similarity measure called Hamming distance, which is as shown below

C(p, d) = Hamming(CTL(p),CTR(p, d)) (3)

Here we take an example of window size size 3 × 3. The process followed in Census
transformation is shown in Fig. 2. The transformation codes are computed as 00011010
and 10010010. These transformed codes are XORed, and the matching cost is obtained
as 2.

Fig. 2. Census Transformation

3.2 Cost Aggregation

Aggregation of cost is crucial in minimizing the noise and errors in matching in the
initial cost volume. ASW strategy is used for cost aggregation. ASW methods assigns
a suitable weight to pixels in the support region. The weight is calculated using the
similarity of color to the center pixel and spatial displacement from the center pixel.
In these stereo methods, the aggregation is performed by filtering the cost volume. The
aggregated cost of pixel p at disparity d is computed as follows:

CA(p, d) =
∑

q∈wp
W (p, q)C(q, d) (4)
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Here wp represent a support region with pixel p as center, and W (p, q) represent the
weight function.

To deal with regions of low texture as well as regions of high texture, we propose a
hybrid cost aggregation method, using a joint bilateral filter and a GF to collaboratively
perform the cost volume filtering. The final weight function is the weighted average
value of the JBF and the GF. The JBF determines weighted average of the pixels in
the support region by considering the spatial information and the difference in intensity
between the pixel at the center and neighboring pixels. The effect of a neighboring pixel
does not depend only on the spatial displacement but also on pixel value similarity so as
to decrease the effect of pixels that are separated by an edge. GF produce higher quality
results as compared to several other local edge-awaring filters and has less computational
complexity, so we also use GF to perform cost aggregation.

Let WJBF (p, q) be the weight function of the JBF and WGF (p, q) is the weight
function of GF.

The weight function for JBF is expressed as

WJBF (p, q) =
∑

k:(p,q)∈ωk
exp

(
|p − q|2

s2

)
exp

(∣∣Ip − Iq
∣∣2

c2

)
(5)

where p and q represent pixel indexes.The s denotes a spatial adjustment factor and
c denotes similarity factor. The |p − q| represent the spatial Euclidean distance and∣∣Ip − Iq

∣∣ denotes the intensity difference.
GF is an efficient edge-preserving filter. It is used in several local stereo match-

ing algorithms, and has achieved a good quality disparity maps. The weight func-
tionWGF (p, q) for GF is expressed as:

WGF (p, q) = 1

|ω|2
∑

k:(p,q)∈ωk

[
1 + (Gp − μk)(Gq − μk)

σ 2
k + ε

]
(6)

where p and q represent pixel indexes. Gp and Gq are values of pixels for the guidance
image at the location p and q. μk and σ 2

k denote the mean value and variance value of
window ωk in guided image G. |ω| is the total pixels in the window ωk . ε represent a
parameter for smoothness.

The weight function W (p, q) of the proposed approach is the average of WBF (p, q)
and WGF (p, q) which is represented as

W (p, q) = 1

2

[
WJBF (p, q) + WGF (p, q)

]
(7)

The final aggregated cost is denoted as

CA(p, d) =
∑

q∈wp

1

2

[
WJBF (p, q) + WGF (p, q)

]
C(q, d) (8)

CA(p, d) = 1

2

[
CA
JBF (p, d) + CA

GF (p, d)
]

(9)

Where CA
JBF represent the cost volume obtained using JBF and CA

GF is the cost volume
of the GF.
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Choosing proper threshold values are very crucial in local stereo matching tech-
niques. Here, we discuss the effect of various threshold values. The influence of the
threshold values for σ s, σc for JBF and ε for GF for Teddy image are shown in Fig. 3,
4, and 5 respectively. The value of σ s is selected as 9, σc is selected as 6 and ε to 0.25
as it yields the least percentage of bad matching pixels.

Fig. 3. PBMP for various threshold values of σ s for Teddy image

Fig. 4. PBMP for various threshold values of σc for Teddy image

Fig. 5. PBMP for various threshold values of ε for Teddy image

3.3 Disparity Optimization

To get an accurate disparitymapping,we estimate the disparitymap by applying theWin-
ner Take All (WTA) method. This method chooses the minimum value of the aggregated
cost obtained at each pixel location. The formula for WTA is given by

dp = argmind∈DCA(p, d) (10)
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3.4 Disparity Refinement

The disparity maps obtained may have several occluded and mismatched pixels. The
occluded and mismatched regions are detected using outlier detection. A multi-step
disparity refinement technique that includes interpolation and inpainting are used to
refine the disparity errors.

3.4.1 Outlier Detection

The outliers in the raw disparity map are detecting by applying a left-right consistency
check. Let dLR(x) be the left disparity map and dRL(x) be the right disparity map. In this
strategy, the pixels are considered as outliers if it satisfies the following inequality

|dLR(x) − dRL(x − dLR(x))| ≥ TLR (11)

The TLR is the threshold for outlier detection. The detected outliers are classified as
mismatched regions if 1 < TLR ≤ 2. The outliers are classified as occluded regions if
TLR > 2. In the Fig. 3 the occluded regions are marked in green color and mismatched
regions are in blue color for Teddy image (Fig. 6).

Fig. 6. Outlier detection: (a) Left Teddy image (b) Outlier map

3.4.2 Interpolation

In the interpolation process, for each pixel marked as occluded we fill the pixel by the
taking the information from the reliable pixels. Let Il be the disparity map computed by
replacing the occluded pixel by the closest reliable pixel to the left. Let Ir be the disparity
map computed by replacing the occluded pixel by the closed reliable pixel to the right.
The disparity map after interpolation is obtained by the following equation.

Dp = min(Il, Ir) (12)

3.4.3 Inpainting

Inpainting is the method of filling any missing areas of image by taking the details
from the neighboring region so that the resultant image looks seemingly natural. In this
paper, we used inpainting technique based in “Navier-Stokes” [26] to fill themismatched
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regions.Let the disparitymapobtainedby the above step represent the imagedomain.The
mismatched region (unknown region) is taken as the area for inpainting. The inpainting
algorithm travels along the edges of the image moving from the known regions to the
unknown regions, transferring the details from the known to the inpainting region. The
filling process is performed such that the isophotes line coming at the boundary of the
unknown region are filled from inside making a smooth transition of information to the
center part of the unknown region. Let D be the disparity map and � ∈ D, where � is
the region in D to be inpainted as represented in Fig. 7, δ� is the boundary of �. The
aim of inpainting is to interpolate the information from the boundary δ� and fill the
inpainting region � with suitable pixel value.

Fig. 7. Inpainting process

3.5 Depth Estimation

Once the disparity map for a pair is generated, the depth Z can be estimated using the
following formula

Z = fXB

D
(13)

Here f is the focal length and B represent the baseline of stereo camera. The depth for
the Teddy image is shown in Fig. 8.

Fig. 8. Depth of Teddy image

4 Results and Discussions

The experiments were performed on a PC having a 2.11 GHZ Intel Core i5-10210U
CPU with memory of 8 GB. Windows 10 operating system and Python 3.10.7 language
are used to implement the algorithm. To verify the accuracy, the results are evaluated
using Middlebury datasets [27–30]. This dataset includes rectified stereo images.
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4.1 Evaluation Metrics

The accuracy of the method proposed is quantified using peak signal to noise ratio
(PSNR) and PBMP between the ground truth and estimated disparities. Higher value
of PSNR determined better efficiency. The efficiency is better when PBMP values are
lower. Let the total number of pixels be N. dt and dg be the disparity map estimated and
ground truth disparity maps respectively.

PSNR is computed as:

PSNR = 10log10
2552 ∗ N∑(

dt(x, y) − dg(x, y)
)2 (14)

PBMP is calculated as follows:

PBMP =
[
1

N

∑∣∣dt(x, y) − dg(x, y)
∣∣ > T

]
∗ 100 (15)

4.2 Performance Evaluation of the Method Proposed

We used the 2001, 2003 and 2014 datasets in the Middlebury benchmark for evaluation
of the stereo matching technique proposed in the paper. The images such as Cones,
Teddy and Venus having dimensions 450 × 375, 450 × 375, and 434 × 383 with the
disparity level of 60, 60, and 20 respectively are considered from Middlebury 2001 and
2003. The images such as Adirondack, JadePlant,Motorcycle, Piano, Pipes, and Recycle
were considered fromMiddlebury 2014. The proposed method is applied step by step to
compute the disparity map. The qualitative results achieved by the proposed method for
Cones, Teddy, and Venus images are presented in Fig. 9. The qualitative results achieved
by the proposed method for Adirondack, JadePlant, Motorcycle, Piano, Pipes, Recycle
images are presented in Fig. 10. By visually evaluating the disparity map, we find that
the suggested method produce accurate disparity map.

Fig. 9. Qualitative results for images (a) Left image (b) Right image (c) Ground truth (d) Initial
Disparity map (e) Final disparity map

The effectiveness of the various steps followed in the proposed method on Cones,
Teddy and Venus images in terms of PBMP is shown in the Fig. 11. We find the PBMP
gradually decreases at each step.
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Fig. 10. Qualitative results for images (a) Left image (b) Right image (c) Ground truth (d) Initial
Disparity map (e) Final disparity map

Fig. 11. Performance of the proposed method for images Cones, Teddy, Venus

The suggested method is compared with existing algorithms [21–23] to show the
performance. Baek et al. [21] consider only the pixel information to be matched which
may not generate good quality disparity map.. The methods proposed in [22] do not
perform well in the outlier region. Cheng et al. [23] introduced combined costs, which
enhanced the accuracy of matching in the weakly-textured regions, but information from
the neighboring pixels is not taken into consideration, which reduced the accuracy of
the method. The PBMP results of all the images obtained by our method and compared
method is shown in Table 1. We find that, suggested method works better than the com-
pared methods in terms of PBMP because it’s PBMP is lower than those of the compared
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methods. The PSNR results of the images obtained by our method and comparedmethod
is shown in Table 2. From the tablewe find that the PSNRof ourmethod is higher than the
compared method indicating that our method works better than the compared methods
in terms of PSNR.

Table 1. Comparison of PBMP results

Cones Teddy Venus

Baek et al. [21] 12.88 13.50 1.90

Huang et al. [22] 12.06 15.50 0.64

Cheng et al. [23] 10.72 13.06 0.69

Proposed 7.77 9.79 1.27

Table 2. Comparison of PSNR (db) results

Images Hanie et al. [31] Proposed

Adirondack 29.76 34.59

Jade Plant 25.98 27.97

Motorcycle 29.35 37.85

Piano 28.15 36.16

Pipes 25.74 36.32

Recycle 31.63 39.99

5 Conclusion

The paper proposes local stereo matching technique based on effective cost measure-
ment, collaborative cost aggregation and improved disparity refinement techniques to
obtain good quality disparity map in the occluded and mismatched regions. A matching
cost that relies on census transform is proposed. Besides, a collaborative cost aggre-
gation method using joint bilateral filter and guided filter is proposed to enhance the
accuracy of disparity estimation. Further multistep refinement method using interpola-
tion, in painting is proposed to refine the raw disparity map. To show the efficacy of the
suggested approach, the experimental results of the method were assessed on the Mid-
dlebury dataset. The results show that the suggested stereo matching technique produces
precise disparity maps.
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Abstract. In an era defined by our increasing dependence on networked systems,
the resilience and reliability of these networks have emerged as critical consider-
ations. Network outages and disruptions can severely impact businesses, critical
infrastructure, and communication. The concept of self-healing networks, under-
pinned by intelligent protocols, has risen to the forefront of networking technolo-
gies. This paper introduces an in-depth exploration of self-healing networks, their
capacity to detect and recover from faults autonomously, and the integral role of
intelligent protocols. This paper delves into the mechanisms through which intel-
ligent protocols enable autonomous fault detection. It explores real-time mon-
itoring, wherein network conditions are continuously assessed, and anomalies
are identified promptly. These anomalies, whether caused by hardware failures,
cyberattacks, or unexpected surges in traffic, serve as early warning signals.

Keywords: Self-Healing Networks · Intelligent Protocols · Autonomous Fault
Detection · Fault Recovery · Network Resilience · Real-Time Monitoring ·
Predictive Network Management

1 Introduction

In the digital age, our world is more interconnected than ever before. From critical
business operations and healthcare services to personal communications and financial
transactions, our lives are increasingly reliant on the seamless and uninterrupted func-
tioning of networked systems. The objective of the paper is to network infrastructure
across diverse industries and the increasing challenges posed by network faults and
downtime. Recognizing the critical role of self-healing networks in addressing these
challenges, the motivation is to explore how intelligent protocols contribute to the auton-
omy of fault detection and recovery, ultimately enhancing the resilience of networked
systems. Recognizing the need for network resilience and fault tolerance, the concept
of self-healing networks has emerged as a transformative and indispensable solution.
Self-healing networks represent a paradigm shift in the field of networking. They are
designed to autonomously detect [1] and recover from faults and disruptions, ensuring
the seamless and uninterrupted flow of data and services. In essence, they embody the
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concept of networks capable of “healing” themselves, akin to the natural resilience of
a living organism. At the core of self-healing networks [2] lies the application of intel-
ligent protocols, and advanced technologies that equip network infrastructure with the
capacity to analyze, adapt, and respond to network conditions in real-time. These intel-
ligent protocols serve as the neural pathways of self-healing networks, enabling them to
not only identify anomalies and vulnerabilities but also to initiate autonomous recovery
processes, thus minimizing the impact of disruptions.

The importance of self-healing networks cannot be overstated in our interconnected
world. Their capacity to detect and recover from faults autonomously [3] is not merely
a convenience but a strategic imperative, particularly in critical sectors. As industries
across the spectrum continue to rely on the operational continuity of network infrastruc-
ture, self-healing networks, underpinned by intelligent protocols, become the linchpin of
network resilience. They are the key to reducing downtime, mitigating financial losses,
maintaining public safety, and ensuring that vital services continue to function seam-
lessly, even in the face of unforeseen challenges. This paper delves into the intricacies
of self-healing networks and the central role played by intelligent protocols in enabling
autonomous fault detection and recovery. It explores the fundamental principles, mech-
anisms, benefits, challenges, and real-world applications of self-healing networks. The
subsequent sections will unravel the transformative potential of self-healing networks,
the hurdles they face, and the innovative solutions that are paving the way toward a more
resilient and reliable networked world.

The pervasive integration of networked systems has been fueled by the ceaseless
march of technological advancement, resulting in the creation of a global web of digital
interdependence. Whether it’s the financial sector conducting high-frequency trading,
healthcare professionals relying on telemedicine, manufacturers optimizing their pro-
duction lines, or individuals navigating the intricacies of daily life through a myriad of
online services, the constant and uninterrupted operation of network infrastructure [4]
is imperative. Several interconnected forces drive this phenomenon. The globalization
of business has rendered efficient and dependable networks a cornerstone of interna-
tional trade and collaboration, necessitating the establishment of seamless communica-
tion channels that transcend geographical boundaries. The omnipresence of data-driven
decision-making compels organizations to foster secure and expeditious data exchange,
enhancing their capacity to harness the power of information. The ongoing digital trans-
formation, characterized by increased automation and the convergence of physical and
digital realms, has precipitated a seismic shift in the way industries operate. The rise
of remote work, [5] an enduring legacy of recent global events, and the necessity for
robust networks that facilitate remote access to corporate resources support video con-
ferencing, and ensure the continuity of business operations. The proliferation of Internet
of Things (IoT) devices has ushered in an era of real-time data collection and analysis
from a multitude of interconnected devices, further intensifying the demand for resilient
networks capable of supporting these intricate data flows. In the realm of e-commerce
and online services, these networks have become the conduits through which themodern
consumer engages with the digital world, encompassing everything from online shop-
ping and banking to streaming entertainment. It is against this backdrop of increasing
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interconnectedness and reliance on network infrastructure that the imperative for self-
healing networks emerges as a strategic necessity. These networks, characterized by
their ability to autonomously detect and recover from faults and disruptions, are not just
a convenience but a foundational element of network resilience in border efficiency.

2 Need for Self-healing Networks

The need of self-healing networks is interconnected, as industries and sectors across the
spectrum increasingly rely on network infrastructure, the consequences of network faults
and downtimes extend well beyond mere inconvenience. In our digital age, where data is
the lifeblood of business, critical services, and personal communications, network inter-
ruptions can have severe financial repercussions, threaten public safety, and disrupt the
delivery of essential services.Whether it’s the healthcare sector [6] relying on networked
systems for patient care or financial institutions executing millions of transactions daily,
the cost of network downtime is significant, measured not only in financial terms but
also in terms of reputation and customer trust.

The need for autonomous fault detection and recovery in self-healing network mech-
anisms is driven by the understanding that traditional approaches, often reactive or reliant
on manual intervention, are no longer sufficient to ensure the uninterrupted flow of data
and services. Self-healing networks, with their inherent ability to autonomously iden-
tify and rectify faults, represent a transformative solution to this challenge, assuring the
resilience and reliability of our interconnected world.

2.1 Network Infrastructure in Various Industries

The use of network infrastructure has become more and more important across various
industries. This is due to the increasing demand for fast and secure communication of
data between different devices and systems. As a result, businesses and organizations
are relying on network infrastructure to support their operations, boost productivity, and
enhance customer experience. Additionally, the rise of the Internet of Things (IoT) has
further accelerated the adoption of network infrastructure, asmore devices are being con-
nected to the Internet and generating vast amounts of data that need to be transmitted and
analyzed in real-time. The need for self- healing network infrastructure is rapidly increas-
ing across various industries as technology continues to evolve. The growing reliance
on networked systems is driven by multiple factors discussed in below, which together
make these systems pivotal in supporting and transforming a self-healing network.

(i) Globalization and International Trade: The forces of globalization have pro-
pelled businesses into the global arena. Companies rely on intricate network systems
to establish seamless communication channels across geographical boundaries.
These networks facilitate [14] international trade, collaboration, and the exchange
of information, allowing organizations to conduct operations on a global scale.
In sectors such as international logistics, supply chain management, and global
financial markets, the necessity for real-time data exchange is paramount.
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(ii) Data-Driven Decision-Making: Organizations across industries have embraced
data-driven decision-making as a core strategy for success. Data, [15] often gener-
ated and disseminated through networked systems, is the lifeblood of these deci-
sions. From market analysis and customer insights to predictive analytics and
resource allocation, the speed and reliability of data transmission through net-
works is indispensable. In finance, algorithmic trading systems depend on ultra-fast
networks to make split-second investment decisions.

(iii) Digital Transformation:The ongoing digital transformation of industries has been
a driving force behind the increasing reliance on network infrastructure. Manufac-
turing, for instance, has embraced the principles of Industry 4.0, where intercon-
nected sensors and devices communicate data in real-time to optimize production
processes. Healthcare has witnessed a shift toward [7–10] digital health records
and telemedicine, requiring robust network systems to support these innovations.
Public services, too, have harnessed the power of networks to improve efficiency
and provide better services to citizens.

(iv) Telecommuting and Remote Work: The advent of remote work and telecommut-
ing, further accelerated by recent global events, has magnified the importance of
network infrastructure. Organizations rely on networks to maintain a virtual work-
force, ensuring employees have secure and efficient access to corporate resources,
video conferencing, and collaboration tools. This shift has blurred the lines between
the traditional office and remote workspaces, fundamentally altering the way we
conduct business and interact.

(v) Internet of Things (IoT): The proliferation of IoT devices has generated an expo-
nential surge in data traffic. These devices, ranging from smart appliances andwear-
able technology to industrial sensors [11–13] and autonomous vehicles, generate an
immense volume of data. Network infrastructure is essential to transmit this data in
real-time, enabling monitoring, analysis, and control. In agriculture, for example,
IoT-enabled sensors collect data on soil conditions and weather, optimizing crop
yields and resource usage.

2.2 Network Faults and Downtime

Network faults and downtime refer to any issues thatmay lead to a disruption or complete
shutdown of a network. These issues can be caused by internal faults, external factors,
or a combination of both. As shown in Fig. 1 when a network experiences downtime,
it means that users are unable to access network resources, which can result in lost
productivity and revenue. Therefore, itis important to take measures to prevent network
faults and minimize downtime.

(i) Financial Losses: Network outages and disruptions carry significant financial
implications. For businesses, each minute of downtime translates into potential
revenue loss. This is especially pertinent in sectors such as e-commerce, where
even brief interruptions can result in substantial monetary losses. In the financial
industry, [17]where high-frequency trading relies onmillisecond-level transactions,
network downtime can lead to significant financial setbacks.

(ii) OperationalDisruption:Network faults anddowntimes candisrupt the operational
workflows of businesses and organizations. Manufacturing plants, for instance, rely
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Fig. 1. Block Diagram of Self-Healing Protection System

on networked systems for supply chainmanagement and process automation.When
networks fail, it can lead to production stoppages, equipment malfunctions, and
delayed deliveries. In healthcare, network disruptions can jeopardize patient care
by impeding access to medical records and critical diagnostic information.

(iii) Reputation Damage: Repeated network disruptions can tarnish an organization’s
reputation. In the era of instantaneous communication and socialmedia, news of net-
work outages can spread rapidly, impacting public perception and trust. Customers
and stakeholders may lose confidence in the reliability of a business or service
provider. This can result in loss of market share and a damaged brand image.

(iv) Data Loss and Security Risks: Network faults can lead to data loss, which can be
costly and have security implications. In scenarioswhere data is not properly backed
up or replicated, network outage may result in permanent data loss. Additionally,
network vulnerabilities may be exacerbated during downtime, [14] making systems
more susceptible to cyberattacks, data breaches, and unauthorized access. The risk
of confidential information exposure becomes particularly acute in industries such
as finance, healthcare, and government.

(v) Customer Dissatisfaction: Network disruptions, especially inspectors where cus-
tomer interactions are vital, can lead to customer dissatisfaction. In e-commerce,
for example, customers expect seamless online shopping experiences. Network
interruptions can disrupt transactions, leading to abandoned shopping carts and lost
sales. In customer service and call centers, network downtime hinders communi-
cation and support, leading to frustrated customers and potentially damaged client
relationships.

(vi) Public Safety Implications: In sectors like healthcare and emergency services, net-
work disruptions can have direct implications for public safety. Networked systems
are crucial for coordinating emergency responses, accessing medical records, and
ensuring the rapid delivery of critical services. Any interruption in these networks
can compromise public safety and well-being.
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3 Intelligent Protocols and Self-healing Networks

Self-healing networks rely on a combination of network protocols and technologies to
enable autonomous fault detection and recovery. These protocols and technologies work
together to ensure the network’s resiliency and continuity. Here are some key types of
protocols and technologies commonly used in self-healing networks.

3.1 Routing Protocols

Dynamic Routing Protocols: Protocols like OSPF (Open Shortest Path First) and
EIGRP (Enhanced Interior Gateway Routing Protocol) dynamically [15] adjust rout-
ing tables to find the most efficient path for data transmission. In the event of a network
fault, these protocols can quickly reroute traffic to avoid the affected area.

BGP (BorderGatewayProtocol): BGP is essential for routing in large-scale networks.
It can detect and adapt to changes in network topology,making it a valuable component of
self-healing networks, particularly in scenarios where network segments may go offline
or experience disruptions.

3.2 Network Monitoring and Management Protocols

SNMP (Simple Network Management Protocol): SNMP is used for monitoring and
managing network devices. It allows for real-time monitoring [16] of device status,
performance, and resource utilization. When anomalies are detected, SNMP can trigger
alerts or actions for self-healing processes as shown in Fig. 2.

NetFlow: Net Flow is a network protocol used for collecting and monitoring network
traffic. It enables the analysis of network data to detect unusual patterns or spikes in
traffic, which can be indicative of faults or attacks.

3.3 Security Protocols

Intrusion Detection Systems (IDS) and Intrusion Prevention Systems (IPS): In
Fig. 2 shows the security protocols continuously monitor network traffic for suspicious
activity. In the case of an intrusion or security breach, IDS and IPS can take action to
mitigate the threat and protect the network.

3.4 Quality of Service (QoS) Protocols

Differentiated Services (DSCP): DSCP is a QoS protocol that allows network devices
to prioritize traffic based on its importance. In self-healing networks, DSCP can be used
to ensure that critical applications and services continue to function even during network
faults.
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Fig. 2. Self-Healing Network Monitoring

3.5 Virtualization and SDN (Software-Defined Networking)

SDN Controllers: SDN technology allows for centralized network control. SDN con-
trollers can reconfigure network paths and resources in real time, making them a valu-
able component in self-healing networks. When faults occur, the controller can adapt
the network’s behavior to maintain service continuity.

Network Function Virtualization (NFV): NFV enables the virtualization of network
functions, allowing for rapid provisioning and reconfiguration of network services. This
flexibility is crucial for self-healing networks as it enables quick adaptation to changing
network conditions These protocols are designed to enhance network performance, relia-
bility, and security by incorporating elements of artificial intelligence (AI) and advanced
algorithms.

Their primary role in self-healing networks is to enable autonomous fault detection
and recovery, ensuring network continuity even in the face of disruptions. Intelligent
protocols are the neural pathways of self-healing networks, allowing them to analyze
network data, adapt to changing conditions, and respond to faults, all in real-time.

3.6 Features and Capabilities of Intelligent Protocols

Intelligent protocols in self-healing networks possess several key features and capabil-
ities that are essential for their effectiveness Intelligent protocols continuously monitor
network conditions, collecting data on performance, traffic patterns, and resource uti-
lization. This real-time monitoring allows for immediate awareness of any anomalies or
deviations from normal network behavior.

a) Anomaly Detection: These protocols excel at detecting anomalies within the net-
work. Using advanced analytics and AI algorithms, they identify irregularities or
unusual patterns in network data, serving as early warning indicators of potential
fault

b) Predictive Analysis: Intelligent protocols employ predictive analysis to forecast
potential network issues. By identifying early warning signs in the form of anoma-
lies, these protocols can proactively address them before they escalate into full-scale
network faults.
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c) Dynamic Routing and Resource Allocation: In the presence of anomalies or faults,
intelligent protocols can autonomously determine the optimal path for network traffic
and allocate resources efficiently. This dynamic routing ensures data can circumvent
problematic areas, minimizing the impact of the fault.

d) Redundancy Management: Self-healing networks incorporate redundancy mecha-
nisms, and intelligent protocols oversee their management. These protocols ensure
that backup resources are seamlessly integrated when primary resources experience
faults, guaranteeing the continuity of services.

e) Automated Recovery Processes: Intelligent protocols are responsible for triggering
automated recovery processes upon detecting a fault or anomaly. These processes,
such as switching to redundant resources, [17, 18] isolating compromised segments,
or reconfiguring network paths, often occur with minimal to no manual intervention
rapid recovery.

f) MachineLearningandAdaptation: Intelligent protocols leveragemachine learning
to adapt and improve their fault detection and recovery capabilities over time. They
learn from past incidents [19] and feedback, continuously enhancing their responses
to network issues.

g) Security Enhancement: Beyond fault detection and recovery, intelligent protocols
incorporate robust security measures to identify and respond to security breaches,
enhancing network security and resilience.

3.7 How Intelligent Protocols Contribute to Fault Detection and Recovery

Intelligent protocols play a central role in the fault detection and recovery processes
in self-healing networks. They are designed to be smart and efficient, which helps in
identifying anomalies and implementing corrective actions. By using these protocols,
businesses can reduce downtime and maintain optimal performance levels.

• Through continuous real-time monitoring, they collect data on network conditions,
performance, and anomalies.

• By analyzing the data, they can detect and flag anomalies and deviations from normal
network behavior.

• Intelligent protocols leverage predictive analysis to identify potential network issues
and take proactive measures.

• They ensure dynamic routing and resource allocation, optimizing the flow of network
traffic during faults.

• Redundancy mechanisms, overseen by these protocols, are automatically activated
when faults are detected, ensuring service continuity. Automated recovery processes
are triggered by intelligent

They adapt and learn from past incidents, continuously improving their fault detec-
tion and recovery capabilities. Protocols, allowing for swift resolution of network issues.
Intelligent protocols also enhance network security by identifying andmitigating security
threats.
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4 Autonomous Fault Detection

Autonomous fault detection is a critical component of self-healing networks, wherein
network systems and intelligent protocols are designed to identify and respond to faults
and anomalies without requiring manual intervention. It plays a pivotal role in ensuring
the uninterrupted operation of networked systems. As shown in Fig. 3 an overview of
autonomous fault detection in self-healing networks.

Fig. 3. Industrial Process of Autonomous Fault Detection and Recovery

4.1 Mechanisms of Autonomous Fault Detection

(i) Real-Time Monitoring:: Autonomous fault detection begins with real-time mon-
itoring of network conditions. Advanced sensors, monitoring tools, and intelli-
gent protocols continuously collect data on network performance, traffic patterns,
and resource utilization. This real-time data forms the foundation for detecting
anomalies.

(ii) Anomaly Detection: The collected data is subjected to advanced analytics and
machine learning algorithms that can identify anomalies. These anomalies can stem
from various sources, including hardware failures, software glitches, cyberattacks,
or unexpected surges in network traffic. The algorithms compare current data with
historical patterns to detect deviations.
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(iii) Predictive Analysis:Autonomous fault detection goes beyond identifying existing
anomalies; it involves predictive analysis. Machine learning models and intelligent
protocols forecast potential issues by identifying early warning signs in the form
of anomalies. This proactive approach allows for pre-emptive measures to be taken
before anomalies escalate into network faults.

4.2 Significance of Autonomous Fault Detection

(i) Minimizing Downtime: One of the primary benefits of autonomous fault detec-
tion is the minimization of downtime. By identifying anomalies and potential
faults in their early stages, self-healing networks can take swift actions to mitigate
issues before they disrupt network operations. This proactive approach ensures that
network services remain accessible and functional.

(ii) Reducing Operational Costs: Autonomous fault detection reduces operational
costs associated with manual [20] fault identification and resolution. Human inter-
vention is no longer required for routine fault detection, allowing IT personnel to
focus on strategic tasks and more complex issues.

(iii) Enhancing Network Resilience: Self-healing networks are inherently more
resilient due to autonomous fault detection. They can adapt to changing condi-
tions and take corrective actions in real-time, ensuring that network services are
maintained even in challenging scenarios.

(iv) Improving Security:: Autonomous fault detection isn’t limited to technical faults;
it also includes the identification of security breaches and cyber threats. By recogniz-
ing unusual patterns of network traffic or unauthorized access attempts, self-healing
networks can enhance their overall security posture.

(v) Optimizing Resource Utilization: Early fault detection allows self-healing net-
works to optimize resource utilization. They can allocate resources efficiently, bal-
ance network traffic, and reroute data to prevent bottlenecks, ensuring that the
network operates at its best capacity.

(vi) Boosting User Satisfaction: For businesses and services that rely on network con-
nectivity, autonomous fault detection contributes to improved user satisfaction.
Network disruptions are kept to a minimum, ensuring that customers, clients, and
end-users can access services without interruptions. Autonomous fault detection is
a fundamental component of self-healing networks, enabling them to swiftly iden-
tify, respond to, and mitigate potential faults and anomalies. This capability not
only reduces downtime and operational costs but also enhances network resilience,
security, and the overall user experience. Autonomous fault detection empowers
self-healing [25, 26] networks to proactively safeguard the continuity of operations,
services, and data, making them.

5 Autonomous Fault Recovery

Autonomous Fault Recovery refers to the ability of a system to detect and recover from
faults or errors without human intervention. It is a self-healing process that allows a sys-
tem to continue functioning even in the event of a failure. A fault detection and recovery
system involves the process of identifying and diagnosing faults or errors in a system
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and taking appropriate actions to restore the system [3] to its normal operation. Fault
detection and recovery mechanisms are designed to minimize the impact of faults on the
overall system performance and ensure the system’s reliability and availability. These
mechanisms can include various strategies such as redundancy, error correction, and
fault tolerance. Self-healing networks represent a paradigm shift in network manage-
ment, offering the capability to autonomously detect and recover from faults, anomalies,
and disruptions. In [21] at the core of their functionality are intelligent protocols and
sophisticated mechanisms that transform traditional network infrastructure into adap-
tive, resilient, and self-aware entities. Here’s a closer look at how self-healing networks
contribute to fault detection and recovery.

As shown in Fig. 3 Self-healing networks leverage predictive analysis to forecast
potential issues before they lead to full-scale faults or disruptions. If confirmation of
detection failure is yes, the data comes into the recovery process, here what fault occurs
in the event of detected anomalies or faults, self-healing networks employ dynamic
routing to redirect network traffic and circumvent problematic areas. Here Redundancy
mechanisms are automatically activated when faults are detected, maintaining service
continuity and taking corrective action.

5.1 Automated Recovery Processes

Self-healing networks go beyond fault detection to provide automated recovery pro-
cesses. Upon detecting a fault or anomaly, [22] intelligent protocols trigger predefined
actions, such as switching to redundant resources, isolating compromised segments, or
reconfiguring network paths. These processes often occur with minimal to no manual
intervention, ensuring rapid recovery.

6 Challenges and Limitations

6.1 False Positives

One common challenge is the occurrence of false positives. Autonomous fault detec-
tion mechanisms may occasionally misidentify normal network behavior as anomalies,
triggering unnecessary recovery actions [23, 24].

Limitation: False positives can lead to network instability and resource wastage as the
network takes action based on incorrect alerts.

6.2 Scalability

As networks grow in size and complexity, ensuring that self-healing mechanisms remain
effective at scale becomes challenging. Scalability issues can result in slower fault
detection and recovery times in large and distributed networks.

Limitation: Self-healing networks may not always scale seamlessly to accommodate
extensive infrastructure.
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6.3 Security Concerns

While self-healing networks enhance security by detecting and mitigating threats, they
can also be vulnerable to attacks.An attackerwho compromises the autonomous recovery
process can cause disruptions or evade detection.

Limitation: Self-healing networks must strike a balance between automation and
security to prevent misuse or exploitation by malicious actors.

6.4 Complexity and Management

The design, implementation, and ongoing management of self-healing networks can be
complex and require specialized expertise.

Limitation: Smaller organizations or those with limited resources may find it challeng-
ing to fully adopt and manage self-healing network technologies.

6.5 Adaptation to New Threats

Self-healing networks must continually adapt to new and evolving threats and vulner-
abilities. Staying ahead of emerging risks and vulnerabilities requires constant updates
and fine-tuning.

Limitation: The network’s ability to autonomously adapt to unforeseen threats may be
limited by the availability of updated threat intelligence and response mechanisms.

7 Conclusion

The transformative realm of self-healing networks underscored the indispensable role
of intelligent protocols in shaping their capabilities. Self-healing networks, driven by
real-time monitoring, predictive analysis, and adaptive responses, stand as a beacon of
resilience, proactively safeguarding network continuity.

The significance of intelligent protocols cannot be overstated, as they empower
networks to anticipate, detect, and mitigate faults, thereby minimizing downtime and
enhancing security.Aswe look to the future, the call for further research and development
in this field resonates loudly, encouraging the pursuit of advanced solutions to tackle
false positives, scalability concerns, and security.

vulnerabilities. The self-healing networks are ongoing, promising a future where
network faults are not setbacks but mere ripples in the seamless flow of data and services.
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Abstract. Digital libraries are critical in preserving and providing access to vast
cultural and academic information. However, traditional preservation methods
face challenges to data integrity, authenticity, and storage access. This research
explores blockchain technology and the Interplanetary File System’s potential
to address security and privacy issues of digital library preservation. By lever-
aging blockchain’s decentralized, immutable nature and smart contracts, digital
libraries can achieve improved security, transparency, and accountability in their
preservation. Furthermore, it presents a platform built on an elliptic curve digital
signature algorithm (ECDSA) and zero-knowledge proofs cryptographic to boost
the security system communication. Lastly, this framework will support a scalable
double-blockchain by using flexible consensus algorithms to prevent attacks.

Keywords: Digital libraries · Preservation · Private Blockchain · Smart
contracts · Interplanetary File System · Privacy

1 Introduction

Digital libraries have revolutionized how information is accessed, shared, and stored in
the digital age. These cultural and academic heritage repositories provide unprecedented
global knowledge dissemination and access opportunities [1]. However, the preserva-
tion of digital library collections presents numerous challenges that require innovative
solutions to ensure the integrity, authenticity, and long-term accessibility of stored infor-
mation. Traditional digital library preservation methods heavily rely on centralized sys-
tems, posing inherent data security and integrity vulnerabilities [2]. Factors such as data
tampering, the potential for single points of failure, and the need for continuous mon-
itoring and maintenance have raised concerns regarding the long-term preservation of
digital content [3]. In light of these challenges, there is a growing need for transformative
technologies that can enhance the preservation practices of digital libraries.
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One such transformative technology is blockchain, which has gained significant
attention due to its decentralized and immutable nature. Originally introduced as the
underlying cryptocurrency technology, blockchain has demonstrated its potential to
revolutionize various industries by providing secure, transparent, and tamper-resistant
systems [4]. The core features of blockchain, such as decentralization, immutability,
and transparency, make it an attractive candidate for addressing the challenges digital
libraries face in preservation [5]. In conjunction with blockchain, smart contracts offer
automation and programmability, further enhancing the potential of this technology for
digital library preservation. Smart contracts are self-executing agreements with prede-
fined conditions, which can automate various aspects of preservation processes [6]. They
provide a means to enforce trust and accountability among the stakeholders involved in
the preservation ecosystem.

This research paper aims to explore how to build a strong, secure system for decen-
tralized preservation of digital library collections. By leveraging the decentralized and
immutable nature of blockchain and the automation capabilities of smart contracts, dig-
ital libraries can strengthen data integrity, improve authenticity verification, and ensure
long-term access to their collections. Through an analysis of case studies, an evalu-
ation of benefits, limitations, and an examination of future directions of prior works,
this research seeks to contribute to understanding how blockchain and smart contracts
can transform digital library preservation practices. In the subsequent sections, we will
delve into the foundational concepts of blockchain technology and interplanetary file
system and how to authenticate, secure, and preserve data and materials for long-time
access [7]. Lastly, interoperability is currently a key challenge for digital preservation in
libraries, as digital assets are stored andmanaged across different platforms and systems.
Blockchain technology facilitates interoperability by creating a common platform for
sharing and accessing digital assets and providing a verifiable record of ownership and
provenance that can be shared across different systems.

Main Contributions: This paper incorporates the following contributions-

1. We present an approach to secure the storage of files in the digital library storage
system

2. This work incorporates the interoperability of the different e-library systems
3. We present an experimental evaluation of two widely used technologies (Blockchain

and IPFS)
4. This works critically claims the scope built on an elliptic curve digital signature

algorithm to improve speed and protection

The paper is organized as follows: Sect. 2 illustrates the related work, Sect. 3
addresses the proposed security framework, Sect. 4, Illustrates the experimental setup
implementation, Sect. 5 conclusion.

2 Related Work

In modern times as libraries across the world move away from the traditional system
to digital systems, much research work has been conducted to foster these changes. [2]
proposed a system called LibBlock for integrating smart contracts and IPFS to provide
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a flexible, decentralized, and adaptive e-Library, which enables the ease of scalability
and record keeping. This technology addresses the challenges faced by many libraries
across the world in the digital age but fails to secure the system with robust security
mechanisms to protect against malicious attacks and authorized access. Our research
helps to progress the migration to the new digital age by proposing a secure system
for the decentralized preservation of digital library collections using private blockchain
and interplanetary file system (IPFS) with polkadot, and ECDSA, a complex public key
cryptography encryption algorithm, and zero-knowledge proof to provide security to
malicious attacks.

2.1 Polkadot

Polkadot is a scalable multi-chain platform that aims to enable interoperability and
connectivity between different blockchain systems in a secure, decentralized, and gov-
ernable manner. Its unique architecture that separates the consensus mechanism (relay
chain) from the execution environment (para chains) addresses the limitations and chal-
lenges faced by existing blockchain networks, such as scalability and security. The relay
chain is the core of the Polkadot network that is responsible for network consensus and
security. It uses a unique mechanism called Nominated Proof-of-Stake (NPoS) for block
production and finality. Para-chains are independent set inter-chain that works in the
Polkadot network. They possess their own consensus mechanisms, governance models,
and token economies. These enhance security and interoperability in the entire system.
Finally, bridges part of the main Polkadot allow communication and transaction between
the Polkadot network and other external systems.

2.2 Elliptic Curve Digital Signature Algorithm (ECDSA)

ECDSA is a complex public key cryptography encryption algorithm. It is based on the
mathematics of elliptic curves and provides a secure way to authenticate and verify
the integrity of digital data. It generates two sets of cryptographic keys: a private key
and a corresponding public key. The public key is derived from the private key using
mathematical operations on an elliptic curve, while the private key is a randomly chosen
secret value that should be kept secret [8]. For verification and authenticity, the ECDSA
signs a message using public-key infrastructure systems to create the digital signature
certificate for the data with non-repudiation property [9]. This provides a strong level of
security while using shorter key lengths with more resistance to attacks from quantum
computers compared to other traditional cryptographic algorithms like RSA, making it
more efficient for resource-constrained environments.

2.3 Zero-Knowledge Proof (ZKP)

In a zero-knowledge proof, the prover aims to convince the verifier of the truthfulness
of a statement without revealing any specific information about how they arrived at that
knowledge. Where by the verifier gains no knowledge about the secret itself or any
other useful information related to it. A decentralized preservation system for digital
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library collections, leveraging a private blockchain and the Interplanetary File System
(IPFS), can be enhanced with the integration of zero-knowledge proofs for robust secu-
rity and privacy. Zero-knowledge proofs enable users to interact with the systemwithout
disclosing sensitive information while ensuring the verifiability of various operations.
Through these proofs, users can prove their identities and ownership of digital assets
without revealing personal details, ensuring privacy and preventing unauthorized access
[10].Additionally, zero-knowledge proofs facilitate content authentication, data integrity
verification, and secure smart contract execution, bolstering the reliability and trustwor-
thiness of the decentralized library. By incorporating these proofs, the system can also
enable selective data sharing, confidential document verification, and anonymous con-
tent distribution, allowing users to control the information they reveal and enhancing
the privacy of interactions within the network. As a result, the combined use of private
blockchain, IPFS, and zero-knowledge proofs establishes a secure and efficient sys-
tem for decentralized digital library preservation, fostering a trusted environment for
preserving and accessing digital collections while safeguarding user privacy.

3 Security Framework

In this paper, we proposed amulti-chain secured resolution based on blockchain technol-
ogy and Polkadot. The blockchain-based digital preservation system is a sophisticated
solution designed to store and maintain digital content for the long term securely. The
system employs blockchain technology, encryption, decentralization, access control,
and consensus mechanisms to ensure the integrity, immutability, and accessibility of
preserved data [11]. At its core, the system allows users to submit digital content, such
as files, documents, or media, to the preservation network. Before storing the content,
it undergoes encryption using robust elliptic curve digital signature algorithms, guar-
anteeing its security and integrity. The encrypted content is then divided into smaller
data units called blocks. These blocks and their corresponding cryptographic hashes are
stored on a blockchain network. The blockchain acts as an immutable ledger, with each
block containing the previous block’s hash, thus creating a chain of interconnected data.

3.1 Multi-Factor Authentication (MFA)

In our secure system for the decentralized preservation of digital library collections,
which utilizes private blockchain and Interplanetary File System (IPFS), we have imple-
mentedMulti-Factor Authentication (MFA) to enhance security.When users register and
create accounts, they provide basic information such as username, email, and password.
The traditional password serves as the first authentication factor. Once the password is
successfully entered, users are prompted to provide a second factor for authentication.
This second factor can be a one-time password (OTP) sent to their registered mobile
device or email, biometric authentication, push notifications, or smart cards as shown in
Fig. 1 [12]. To prevent lockouts, we offer recovery mechanisms, allowing users to set
up backup methods such as backup codes or security questions. Session management
ensures active user sessions have an expiry time and requires periodic re-authentication.
All authentication attempts are logged for audit purposes, and secure communication
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channels are employed to transmit sensitive data. Regular monitoring and updates keep
the MFA implementation robust and resilient against potential threats. With MFA in
place, we safeguard user accounts and valuable data, ensuring a high level of security
for our decentralized preservation system.

Fig. 1. Multi-Factor Authentication

3.2 Access Control

Access control is a security mechanism that regulates and manages who can access spe-
cific resources, data, or services. We implement Role-Based Access Control (RBAC)
which serves as a vital component of our security strategy. RBAC is a systematic app-
roach to access control that revolves arounddefining roles based onusers’ responsibilities
and associating permissions with those roles rather than assigning permissions directly
to individual users. First, we identify distinct roles, such as administrators, librarians,
researchers, and visitors, each tailored to specific tasks and functions within the system
[13]. Users are then assigned to appropriate roles based on their job requirements. Next,
we define a set of permissions, encompassing actions like read, write, execute, andmore,
essential for various tasks related to the digital library collections. By mapping roles to
their corresponding permissions, we establish a structured access control framework.
When users attempt to access resources, the system enforces access control based on
their assigned roles, granting or denying access accordingly. Regular auditing and moni-
toring ensure that access activities are scrutinized for unauthorized attempts or potential
security breaches. We maintain the RBAC model over time, adapting role assignments
to match evolving system requirements. Our comprehensive RBAC implementation,
accompanied by documentation and user training, ensures precise and efficient access
control, bolstering the security of our decentralized preservation system.

3.3 Distributed Denial of Service (DDoS)

Our implementation of DDoS Protection involves a comprehensive set of strategies and
tools to mitigate the impact of disruptive DDoS attacks. We employ traffic monitoring
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and analysis tools to detect abnormal traffic patterns indicative of DDoS activity. To
control incoming traffic, rate limiting and traffic shaping mechanisms are implemented
to manage the flow of legitimate requests. A Web Application Firewall (WAF) helps
filter out malicious traffic and protect against application-layer attacks [14]. IP filtering
and blacklisting are used to block traffic from known malicious sources. Additionally,
we leverage Content Delivery Networks (CDNs) to distribute content across multiple
servers, reducing the impact of DDoS attacks by distributing the traffic load [15]. Load
balancing ensures that traffic is evenly distributed across servers, maintaining system
availability during attacks. For larger-scale attacks, we collaborate with ISPs to imple-
mentBGP rate limiting or any-cast routing, dispersing traffic acrossmultiple data centers.
We may also introduce CAPTCHA or challenge-response mechanisms to differentiate
between human users and bots. Redundancy and scalability are inherent in our system
design, ensuring the system can withstand DDoS attacks without compromising avail-
ability. An incident response plan outlines protocols and procedures for responding to
DDoS incidents swiftly and effectively. By implementing these robust DDoS Protection
measures, our Secure System for Decentralized Preservation can maintain uninterrupted
availability, optimal performance, and resilience against DDoS attacks, safeguarding the
valuable digital library collections and ensuring a secure and reliable user experience.

4 Implementation

The process begins in the blockchain by hashing the data or any other digital library
materials to create a unique identifier for the content. This hash is then used as the basis
for interacting with the content throughout the process. The hashed content is uploaded
to the IPFS network, which breaks it into chunks, assigns hashes to each chunk, and
distributes them across a decentralized network. Then on the blockchain, a record is
created to store the IPFS hash of the uploaded content. This record is typically stored
as a transaction. And then, before the record is added to the blockchain, the creator of
the record (perhaps the digital library or content owner) signs the transaction with their
private ECDSA key. This creates a digital signature that attests to the authenticity and
integrity of the record. The signature proves the creator authorized this record’s addition
and associated content hash. Furthermore, the content creator or librarian must complete
a multi-factor Authentication process. This could involve providing a password along
with an OTP code from a mobile app, adding an extra layer of verification. After all the
required steps are approved the content is stored on the IPFS.

The proposed system’s access to initiate such transactions could be limited to specific
roles or users within the organization, such as administrators or designated content
creators. This way, only authorized personnel can initiate preservation transactions. The
blockchain’s immutability ensures that the content’s IPFS hash record and the associated
digital signature remain secure. Once added to the blockchain, the record and signature
cannot be altered without invalidating the signature, which is cryptographically linked
to the original content.

Library users who want to access the preserved content can query the blockchain for
the IPFS hash. Upon obtaining the hash, they can retrieve the content directly from the
IPFS network. Then using selective disclosure of access rights in ZKPs, users prove that
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they have access rights to certain content without revealing the actual content, the access
permissions, or their identity. This way, users can validate their eligibility to access
the content without exposing unnecessary information. Depending on the roles defined
within the RBAC system, certain users might have read-only access to the content, while
othersmight have the ability tomodifymetadata or perform other actions. RBAC ensures
that only authorized users can interact with the preserved materials.

4.1 Polkadot System

Polkadot, a revolutionary multi-chain blockchain platform, redefines the landscape of
decentralized systems by enabling seamless interoperability and communication among
different blockchain networks [16]. The Polkadot ecosystem revolves around the Relay
Chain, which coordinates the entire network’s operation. The Relay Chain assumes the
vital role of securing the system through the Nominated Proof-of-Stake (NPoS) consen-
sus algorithm,where validators are elected byDOT token holders to produce and validate
blocks. Surrounding theRelayChain are individual blockchains called para-chains. Each
para-chain operates independently and can employ its consensus mechanism, providing
an opportunity for specialization to cater to various use cases and applications. This
design allows para-chains to be highly customizable.

The seamless communication and data transfer between para-chains is facilitated
by Cross-Chain Message Passing (XCMP). XCMP allows para-chains to interact with
each other in a secure and trustless manner, enabling a seamless exchange of assets and
information across the network as shown in Fig. 2. This inter-chain interoperability is a
game-changer, fostering collaboration and harmony among various Private blockchains.
Polkadot extends beyond its network through the use of bridges, which external IPFS
networks will be connected through it. Bridges act as connectors, enabling assets and
data to flow between blockchain and IPFS.

Blockchains or networks can be connected to the Polkadot ecosystem. Bridges act as
connectors, enabling assets and data to flow between different blockchain ecosystems.
This connectivity enhances Polkadot’s potential and expands its influence to include
external blockchain communities. A decentralized governance framework governs the
evolution of the Polkadot network. Stakeholders can propose and vote on upgrades,
parameter changes, and the addition or removal of para-chains. This democratic gov-
ernance ensures that the network evolves based on the consensus of its community,
empowering participants to shape the security of the system.

4.2 The IPFS Integration with the Blockchain

Integrating IPFS handles the actual storage and distribution of the content chunks across
its network of nodes. The IPFS hashes serve as unique identifiers for these chunks,
allowing them to be efficiently retrieved and assembled. The IPFS network ensures
that the content is distributed across multiple nodes, promoting data redundancy and
availability—Polkadot as a multi-chain network that enables different blockchains to
interoperate and share information as shown in Fig. 2. To integrate Blockchain and
IPFS, a para-chain on the Polkadot network is dedicated to managing and facilitating
the communication between the blockchain and IPFS for data storage and access. The
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Fig. 2. Integration blockchain and IPFS.

Polkadot para-chain hosts smart contracts or logic that manage metadata related to the
preserved content, such as ownership, timestamps, and access permissions. The IPFS
reference (hash) for each preserved content can also be stored in the para-chain’s storage.

Integrating the Inter-Planetary File System (IPFS) with a blockchain-based digital
preservation system offers significant advantages for storing and retrieving preserved
content. IPFS is a decentralized file storage protocol in this system that enables effi-
cient and secure content distribution across multiple nodes [17]. When constructing
a blockchain-based digital preservation system, content is not directly stored on the
blockchain itself. Instead, the system generates hash pointers that represent the content
on IPFS. These hash pointers and relevant metadata are recorded on the blockchain,
establishing permanent and immutable references to the preserved data as shown in
Fig. 2.

IPFS breaks down the content into smaller chunks and distributes them across a
network of IPFS nodes as shown in Fig. 3 [18]. Each node stores a copy of some or all of
the content chunks, ensuring redundancy and availability [19]. The content is identified
by unique cryptographic hashes, making it highly secure and tamper-resistant. When
a user requests preserved content, the system retrieves the corresponding hash pointer
from the blockchain. With this hash pointer, the IPFS network locates the distributed
content chunks and reconstructs the original data. This process ensures the integrity and
authenticity of the content, as it can be verified by comparing its hash with the retrieved
data.

IPFS’s decentralized nature contributes to the system’s robustness. If specific nodes
become unavailable, other nodes in the network can still provide access to the content,
guaranteeing its availability and reliability. This redundancy is significant for long-term
preservation, as it minimizes the risk of data loss or unavailability. Moreover, IPFS
employs content-based addressing, where content is retrieved based on its unique hash
rather than its location. This eliminates the need for centralized servers or specific file
paths, making content retrieval more efficient and independent of traditional hierarchi-
cal file systems. Integrating IPFS with a blockchain-based digital preservation system
leverages both technologies’ strengths. The blockchain ensures the immutability and
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Fig. 3. Files breakdown into small chunks

integrity of the references to preserved content, while IPFS provides a decentralized and
redundant storage infrastructure [17]. Together, they create a powerful framework for
preserving and accessing digital materials securely, reliably, and scalable.

5 Conclusion

In conclusion, the successful implementation of the Secure System for Decentralized
Preservation of Digital Library Collections is a result of the seamless integration of
cutting-edge technologies, including Private Blockchain, Interplanetary File System
(IPFS), Polkadot (ECDSA), and Zero-knowledge proof (ZKP). This sophisticated sys-
tem represents a significant advancement in the domain of decentralized data preserva-
tion, effectively addressing critical security challenges and ensuring the confidentiality,
integrity, and availability of valuable digital library collections. The incorporation of
Private Blockchain brings forth the benefits of a robust and immutable ledger, secur-
ing the metadata and transaction records associated with the preserved digital assets.
Additionally, the integration of IPFS introduces a decentralized and distributed storage
solution, guaranteeing seamless access to the actual content of the digital library collec-
tions. This not only enhances data redundancy and availability but also reinforces the
system’s resilience against data loss. The inclusion of Polkadot has further elevated the
security of the preservation system by enabling cross-chain interoperability and shared
security among diverse para-chains. This innovative approach fosters collaboration and
teamwork across different blockchain ecosystems, positioning the system as an integral
part of a broader, interconnected network.
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Abstract. In an era dominated by the ubiquitous sharing of visual content on
social media, the proliferation of fake photographs and digital fakes has emerged
as a critical issue. This paper explores how fake images are detected with fusion
of by various techniques of image processing, CNN, and machine learning, pre-
senting an innovative approach to address the intricate challenge of identifying
manipulated images. This paper gives insight on various approaches of image
processing techniques and state-of-the-art machine learning algorithms used in a
robust forgery image detection system. A comprehensive framework is proposed
on various image forensic methods, ensuring the precise detection of fake images
across diverse contexts. The paper also emphasizes the impact of countering the
dissemination of fake photographs to preserve the credibility of digital media.
This combination of image processing, CNN and machine learning propels the
ongoing quest to uncover the truth behind the surge of digital fakes in today’s
digital landscape.

Keywords: Machine learning · fake detection · image processing · deep fake ·
social media

1 Introduction

In today’s digital landscape, the fusion of social media and advanced technology has rev-
olutionized communication and information sharing. However, this digital era has also
ushered in a pressing concern – the proliferation of manipulated or counterfeit images,
commonly known as digital fakes. The widespread dissemination of such misleading
visual content across social media platforms has given rise to significant issues, includ-
ing misinformation, propaganda, and threats to personal and professional reputations.
Consequently, the development of robust techniques for detecting forged images has
become an urgent necessity.

This paper explores the convergence of multiple crucial domains, including image
processing, machine learning, CNN and image forensics, with a specific focus on the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
T. Shreekumar et al. (Eds.): ISCComm 2023, CCIS 2232, pp. 342–353, 2025.
https://doi.org/10.1007/978-3-031-75608-5_27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-75608-5_27&domain=pdf
https://doi.org/10.1007/978-3-031-75608-5_27


Learning Systems in Forgery Image Detection 343

detection of fake images. By harnessing state-of-the-art technology, we present an inno-
vative approach to address the intricate challenge of identifying manipulated images
within the vast realm of social media. Our study employs advanced image processing
methods to meticulously examine subtle inconsistencies and artifacts, while machine
learning algorithms automate the detection process.

Our comprehensive framework incorporates diverse image forensic techniques,
ensuring the precise identification of fake images across various contexts. Through the
integration of these interdisciplinary approaches, our paper aims to offer an effective
solution to counter the proliferation of digital fakes. Beyond fulfilling the immediate
need for detecting image forgery, our work makes a substantial contribution to the
broader field of image forensics. Here, the synergistic application of image processing
and machine learning continues to drive advancements in uncovering the truth behind
digital manipulations.

Taiping Yao [1] highlights the traditional face forgery detection methods rely on
standard convolutional neural networks (CNNs) to classify facial images as real or fake.
However, these approaches often focus on limited facial regions, limiting their ability
to detect complex forgeries. Recent methods have attempted to target specific forgery
patterns, such as noise characteristics and local textures, but they remain vulnerable to
unknown manipulation techniques and variations.

Amit Lokre [2] explains neural networks play a pivotal role in detecting tampered
images and documents. The application excels at discerning original documents from
digitally manipulated ones, addressing the surge in cybercrimes facilitated by sophisti-
cated photo editing tools. Leveraging advanced techniques like Discrete Wavelet Trans-
form (DWT), Scale Invariant Feature Transform (SIFT), andLocal Binary Pattern (LBP),
the study delves into passive forgery detection methods, enhancing resilience and effi-
ciency. Comparative analysis empowers users to select the optimal forgery detection
method, ensuring the integrity of digital media in an era where manipulation has become
indistinguishable to the human eye. On the other hand Priyanka [3] explains JPEG is a
format that loses some data during compression, but the degree of error in each resave
varies. Any changes made to the image will affect stable regions.

Figure 1 explains an image underwent alterations using Photoshop, primarily relying
on the initial 75% resave. This process involved duplicating books on a shelf and intro-
ducing a toy dinosaur. When subjected to 95% Error Level Analysis (ELA), changes
became evident as areas no longer maintained their minimal error levels.

Error level analysis operates by deliberately resaving the image at a specified error
rate, such as 95%, and then gauging the disparity between the images. Minimal alter-
ations indicate that the cell has attained its local error minimum at that quality level,
while substantial changes suggest that the pixels are not at their local minimum and are
considered “original”.

The result is shown in the above Fig. 2 of machine learning implemented using
the Neuropath library in Java, was employed to detect discrepancies in the error Level-
Analyzed images. This encompassed converting images into ELA representations, stan-
dardizing them to 100× 100 pixels, and converting them into arrays. These arrays con-
tained 30,000 integer values signifying the image’s pixels, facilitating neural network
analysis to pinpoint manipulated areas.
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Fig. 1. Error Level Analysis (Source: Hacker Factor)

Fig. 2. Error Level Analysis after Employing Machine Learning (Source: Hacker Factor)

2 Related Work

Many endeavours have been made to improve the efficiency of facial forgery detection.
However, the convolutional neural network (CNN) structures, borrowed from image clas-
sification models, primarily emphasize distinguishing among diverse categories rather
than concentrating on the nuances that set apart real and fabricated images. Recently,
as manipulated facial images have become more visually convincing, several research
works have advocated a more in-depth exploration of particular forgery traits such as
noise statistics, local textures, and frequency information to discern fake faces from gen-
uine ones. Where in the case of using the machine learning techniques there are several
steps in identifications as well as operating on a manipulated image.

MuhammedAfsal Villan [4] explains it as; image files contain not only visual content
but also invaluable metadata, providing insights into the image’s origin. This metadata
includes details about the camera used, colour space information, and application notes.
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Different image formats store varying amounts of metadata. For instance, formats like
BMP, PPM, and PBM typically hold minimal information, mainly focusing on image
dimensions and colour space. In contrast, JPEG files from cameras tend to contain exten-
sivemetadata, encompassing cameramake andmodel, aperture settings, and timestamps.
PNG files usually have limited metadata, unless they have been converted from JPEG
or edited using software like Photoshop, in which case some metadata from the source
file format may be retained.

Arun Sekar Rajasekaran [5] explains it as, Image Processing involves applying oper-
ations to images to enhance them or extract valuable information. It is a form of signal
processingwhere an input image is processed to generate another image or derive proper-
ties from it. Image processing is particularly relevant for analyzing discontinuous objects
or patternswithin an image.MachineLearning (ML) andArtificial Intelligence (AI) have
greatly impacted the field of image processing. Google Lens is an example of how deep
ML and AI techniques can process complex images. For instance, it can recognize and
describe objects seen through a camera, making it useful for language translation and
identification which includes interpolation, filtering, gray level manipulation, geometric
processing, image subtraction, segmentation.

Njood Mohammed AlShariah [6] adds by explaining it by utilizing MATLAB soft-
ware alongside the deep learning toolbox offers the flexibility to either train a Convo-
lutional Neural Network (CNN) from scratch or employ a pretrained model for transfer
learning. The choice depends on resource availability, application type, and goals.

Training a CNN from the ground up entails defining layer and filter numbers, along
with other adjustments, demanding substantial data and time resources. Alternatively,
transfer learning leverages pretrained models to extract features from new datasets,
streamlining the process, especially when a large dataset and extended training time are
not feasible. Miki Tanaka [7] explains it as, Image manipulation has a history predat-
ing deep learning. Techniques like fragile watermarking, statistical methods for double
JPEG compression detection, and camera-specific PRNU patterns have been used to
spot tampering. However, these methods often fail to detect fake images generated by
GANs and struggle to differentiate fake images from simple manipulations like resizing,
which aren’t necessarily fake images.

Abhilash Kumar Saxena [8] explains it by illustrating, LSTM (Long Short-Term
Memory) is a recurrent neural network designed for handling long-term tasks. It features
input, forget, and output gates to manage information flow. LSTM is widely used for
time series data analysis and forecasting, with its cell state serving as long-termmemory.
The input gate selects important attributes, the forget gate discards irrelevant information
using a sigmoid function, and the output gate influences future steps by deciding which
current-time data is essential.

Muhammed Afsal Villan [4] explains it as; analyzing metadata has proven effec-
tive for detecting anomalies in unshared images. It successfully identifies alterations
in “photoshopped” or “gimped” images with minimal processing. However, it encoun-
ters challenges with images shared through platforms like WhatsApp and Google +.
Additionally, its accuracy diminishes when dealing with images that have manipulated
metadata.
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Paolo Bestagini [9] explains, DeepFake Detection Challenge (DFDC) is the training
dataset for the Kaggle challenge, consisting of 119,000+ video sequences, both real and
fake. Real videos showcase diverse actors with varying characteristics, while fake videos
are created using DeepFake techniques applied to real footage. The exact algorithms
for generating fakes remain undisclosed. Sequence length is about 300 frames, with
a substantial majority of fake videos, approximately 100,000 compared to 19,000 real
ones.

Chengrui Wang [10] explains that Forgery Attention Map (FAM) is introduced for
accurate identification of the detector’s sensitive area, enabling guided erasing and visu-
alization of forgeries. Specifically, it identifies the region where perturbations have the
most significant impact on the detection outcome.During forward propagation, the detec-
tor processes a facial image (I) and produces two logits (Oreal and Ofake) to assess the
authenticity of I.

Zhiqing Guo [11] explained with respect to CNN technique that is, CNNs are widely
used in image forensics due to their superior performance and fall into three categories:
(1) Custom CNN modules for specific tasks, (2) Using hand-crafted residual features
combined with CNNs, (3) Improving the convolution layer, e.g., Constrained-Conv, for
direct feature learning from tampering evidence.

Nidhal El Abbadi [12] explains it as, Image authenticity, in essence, involves the
capacity to discern genuine images from counterfeits, encompassing both 2D composites
and 3D computer-generated graphics. However, effectively detecting the authenticity of
digital images presents an ongoing challenge. This challenge has been compounded
by the widespread use and increasing sophistication of desktop photo editing software,
which has effectively eroded the once-clear boundary between genuine and manipulated
images, rendering the task of differentiation increasingly complex.

Chih-Chung Hsu [13] explains by using GANs technique where training a deep
neural network to distinguish fake and real images involves assembling a diverse dataset.
However, the classifier may struggle to detect images from new GANs or advanced
generators, lacking knowledge of discriminative features. Gathering training images
from all possible GANs is impractical, requiring frequent retraining with each newGAN
proposed and with the help of GANs it is much easier to identify the altered images.

Usha Kosarkar [14] explains the steps to detecting deepfakes by relying on algo-
rithms akin to those used in their creation. These technologies identify discrepancies
absent in authentic photos or videos. Detection signs include irregular eye blinking,
unusual skin tones, lip sync issues, additional pixels in frames, inconsistent lighting,
audio mismatches, and persistent blur in low-resolution videos. Various techniques aid
detection, such as background comparison, temporal pattern analysis, facial attribute
consideration, mesoscopic analysis, and head pose estimation. A notable indicator is
abnormal blinking patterns.

Jessica Fridrich [15] explains in Copy-Move forgery, a portion of an image is dupli-
cated and pasted elsewhere within the same image, often to conceal an object. This
technique is commonly applied to textured areas like grass or fabric, making the copied
segments blends seamlessly. As the copied parts share the image’s characteristics, such
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as noise and color palette, conventionalmethods struggle to detect inconsistencies. Addi-
tional tools like feathered crops or retouching further obscure traces of the manipulated
segments, enhancing the forgery’s concealment.

Hemanth C [16] explains the concept of Copy-Move Forgery, a prevalent method
where a portion of an image is duplicated and discreetly inserted into another location
within the same image, often to conceal specific information. This technique, extensively
utilized for image manipulation, introduces a formidable detection challenge due to the
manipulated segment seamlessly residing within the original image. The primary intent
is to obscure details intentionally, rendering the identification of the forged component
a complex task. This nuanced form of manipulation underscores the need for advanced
detection methods capable of discerning such intricacies within digital content.

Misbah Shaikh [17] explains the detection of fake image by Laser-Induced Break-
down Spectroscopy is employed to analyze spectrums from both authentic and ques-
tioned documents. The extracted spectrums are structured into a dataset with nodes and
edges, forming a network representing the documents. This network is visualized and
grouped. The detection method relies on network cluster data, such as the number of
clusters, demonstrating the effectiveness of the proposed approach in distinguishing
between documents. This approach by utilizing the LIBS technique gives a solid result
and also it is one of the fastest deep learning techniques. The summary of the above
literature is discussed in the below shown Table 1.

Table 1. The Summary of Literature

Author Contribution Future enhancements

Cao et al. [1] This paper introduces the
RECCE framework. The
framework comprises three
main components:
• Reconstruction Learning
• Multi-Scale Graph
Reasoning

• Reconstruction Guided
Attention

• Real-time Detection
• Enhanced Training Data
• Robustness to
Post-processing

• Privacy Protection

Lokre et al. [2] The paper highlights the
growing prevalence of
cybercrimes involving fake
documents and images. It
suggests using neural
networks for detecting
digitally manipulated
documents, emphasising the
need to combat
document-based cybercrimes

• Cross-Domain Detection
• Neural network’s accuracy

(continued)
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Table 1. (continued)

Author Contribution Future enhancements

Priyanka [3] This study focuses on
detecting and unveiling fake
images in the digital era,
crucial for addressing
image-based cybercrimes. It
combines neural networks,
Error Level Analysis, and
image metadata for effective
detection

• Developing user-friendly
mobile applications for
broader use

• Exploring potential
applications in digital
authentication and legal
evidence evaluation

Muhammed Afsal Villan [4] This paper focuses on
detecting fake images, crucial
for combating image-based
cybercrimes. It employs
neural networks to identify
tampered regions, Error Level
Analysis, and image metadata
to enhance detection
reliability and plans for an
Android implementation

• Refining the Error Level
Analysis (ELA) technique
for fake

• Image detection. Exploring
advanced software tools,
and incorporating machine
understandable algorithms
to analyze, visual content
within images

Arun Sekar Rajaekaran [5] Image manipulation involves
altering digital images using
image processing techniques.
Machine learning and AI
enhance image processing,
aiding industries like
healthcare and defense

• Neural network’s accuracy
in cross domain

• Exploring potential
applications in digital
authentication and legal
evidence evaluation

Njood Mohammed AlShariah
[6]

The literature discusses efforts
to detect fake images using
various methods, including
deep learning CNNs, ReLU
activation functions, and
SoftMax classifiers.
MATLAB implementation for
image classification is also
detailed, with AlexNet and
transfer learning discussed

• Aim to improve the
accuracy of identifying
manipulated images

• Integration of real-time AR
overlays in image
processing apps for context
aware information

(continued)
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Table 1. (continued)

Author Contribution Future enhancements

Miki Tanaka [7] The proposed method involves
robust hash computation for
real vs. fake image detection.
A robust hashing technique is
used, compared with Wang’s
method, with better accuracy
and robustness, especially
against additional image
manipulations

• Develop advanced neural
network architectures and
training techniques for
detecting sophisticated fake
images, including deepfakes

• Incorporate blockchain
technology for image
authentication and tracking
to improve verification
processes

Abhilash Kumar Saxena [8] Deepfake technology, driven
by deep learning, produces
deceptive content that poses
serious threats, from
misinformation to
cybercrimes. Detection
methods and collaboration
between researchers and tech
companies are essential for
mitigation

• Enhancing robustness.
Expanding datasets,
advanced hashing, real-time
processing, fusion
techniques

• Explainability,
generalization, scalability,
countermeasure resistance,
and user-friendly interfaces

• Cross-platform as well as
domain flexibility

Paolo Bestagini [9] FF + + and DFDC datasets,
used for testing deepfake
detection methods. FF + +
comprises 1.8 million images
from manipulated videos,
while DFDC contains 119,000
sequences of real and fake
videos

• Providing more detailed
information about the
results and findings of the
experiments conducted on
the FF + + and DFDC

Chengrui Wang [10] The proposed method,
Representative Forgery
Mining (RFM), enhances fake
face detection through
attention-based data
augmentation. It uses Forgery
Attention Maps (FAM) to
reveal detector sensitivity and
selectively erases suspicious
forgeries during training

• Exploring advanced
techniques in forgery
attention map generation

• Enhancing the augmentation
process for even more
accurate fake face detection

(continued)
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Table 1. (continued)

Author Contribution Future enhancements

Zhiqing Guo [11] Content discusses
experimental settings for
AMTENnet in detecting face
image manipulations. It
explores dataset creation,
model design modifications,
and comparisons with
state-of-the-art models,
focusing on
improving detection
robustness through
post-processing operations

• Investigating additional
image manipulation
techniques

• Exploring real-world
applications beyond
forensics

• Evaluating model scalability
and efficiency

Nidhal El Abbadi [12] The paper presents an
improved SVD based fake
image detection method with
a 0.0% false positive rate,
eliminating the need for
original images, and
enhancing detection efficiency

• Detect all types of
manipulation traces in every
image format

• Eliminating the need for
original images, and
enhancing detection
efficiency

Chih-Chung Hsu[13] Discusses how to differentiate
between fake and real images
using GANs requires a diverse
dataset. However, detecting
images from new GANs is
challenging due to a lack of
discriminative features.
Gathering training data from
all GANs is impractical,
necessitating frequent
retraining. GANs facilitate the
identification of altered
images

• Develop an adaptive
learning approach that
dynamically updates the
image detection

• Implement a collaborative
framework between various
generative models, enabling
the image detection system
to learn from a collective
dataset generated by
different GANs

Usha Kosarkar[14] Paper proposess steps to detect
any fake image and based on
the steps carry out the
necessary detection algorithm
to analyze where the image
has been manipulated

• Addtional steps should be
implemented

• Every step action should be
carry out to improve
efficiency

(continued)
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Table 1. (continued)

Author Contribution Future enhancements

Jessica Fridrich[15] The paper discuss the
Copy-Move Forgery involves
duplicating and subtly placing
an image segment within
itself, typically to hide specific
details

• Improve detection in all
image formats

• Improve the accuracy

Mr.Hemanth C[16] Copy-Move forgery duplicates
a part of an image within
itself, concealing objects.
Often applied to textured
areas, it seamlessly blends
copied segments. Detection is
challenging as the copied
parts share image
characteristics, confounding
conventional methods

• Cannot be used in large
scale system

• Can be made more reliable
in medium level sub system
or domains

Misbah Shaikh[17] The paper discuss
Laser-Induced Breakdown
Spectroscopy (LIBS) is used
to examine spectra from
genuine and questioned
documents. The obtained
spectra are organized into a
dataset with nodes and edges,
constructing a network that
visually groups the documents

• Cannot be used in small
system as technology is
costly

• Should be made portable in
system if made for smaller
system

3 Need and Issues in Forgery Image Detection

Forgery image detection is essential in today’s digital landscape due to various chal-
lenges and opportunities. It involves real-time identification of manipulated images
shared on different platforms, necessitating improved training data for accurate detec-
tion across domains. ensuring resilience to post-processing is crucial to counter sophisti-
cated forgery techniques while safeguarding privacy. TheAbility to DetectManipulation
Traces Across All Image Formats is Vital for Comprehensive Detection.

• User-Friendly Interfaces. To address these needs, user-friendly mobile applications
canwiden the usage of forgery image detection tools. Exploring applications in digital
authentication and legal evidence evaluation can enhance its value. The refinement of
the Error Level Analysis (ELA) technique and the exploration of advanced software
tools are necessary steps.

• Trained model. Advanced neural network architectures and training methods are
necessary to detect increasingly sophisticated fake images like deepfakes. Integrating
blockchain technology for image authentication and tracking can enhance verification
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processes. Robustness improvements involve expanding datasets, advanced hashing,
real-time processing, and fusion techniques.

• Model Scalability and Efficiency. Considering factors like explainability, general-
ization, scalability, countermeasure resistance, and user-friendly interfaces is cru-
cial. Ensuring cross-platform and cross-domain flexibility, along with widespread
availability on mobile platforms, is key for broad adoption.

• Ethical and Societal Implications. Additionally, providing comprehensive experi-
ment result details, addressing ethical and societal implications, exploring advanced
forgery attention map generation, enhancing the augmentation process, and adapt-
ing to modern tools and technology are essential steps in meeting the challenges of
forgery image detection. Overall, the demand for forgery image detection arises from
the evolving digital landscape and the need for reliable authentication methods.

• Cross-Domain Detection. Detecting manipulation traces across various image
formats and domains requires adaptable algorithms.

• Privacy Protection. Balancing the need for image analysis with privacy concerns is
a challenge, as sensitive information may be present in images.

• Real-Time Detection. Achieving real-time identification of manipulated images,
especially in dynamic online environments, is challenging.

4 Conclusion

Forgery image detection is crucial in our rapidly evolving digital landscape. The demand
for real-time detection has surged as images circulate swiftly across diverse platforms.
Robust detection hinges on high-quality and diverse training data, necessitating com-
prehensive datasets. Addressing robustness against post-processing techniques and pre-
serving privacy remain ongoing challenges. Cross-Domain detection,mobile application
accessibility, and exploring applications beyond image forensics highlight the versatility
and potential of forgery image detection tools.

Accuracy, model scalability, explainability, and countermeasure resistance are piv-
otal for success. User-friendly interfaces and ethical considerations add depth to the
discourse, emphasizing responsible technology development. In the face of multifaceted
challenges, the future of forgery image detection holds promise. Advancements in tech-
nology, research, and collaboration will continue to drive innovation in this critical field.
With a commitment to addressing emerging techniques, forgery image detection will
remain a potent weapon against image manipulation and forgery in the digital age.
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