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ABSTRACT— Malaria, a life-threatening
disease transmitted by mosquitoes, remains a
major public health challenge, claiming
thousands of lives each year. Limited access
to reliable detection tools, combined with
challenges such as insufficient laboratory
resources and inexperienced personnel,
contribute to its high mortality rate. Recently,
advancements in image analysis of malaria-
infected red blood cells (RBCs) have
provided promising alternatives for more
accessible detection methods. By leveraging
digital microscopy and innovative machine
learning approaches, researchers aim to
develop practical solutions that can improve

diagnostic accuracy and accessibility. This
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approach not only enables a faster response
in clinical settings but also highlights the
potential for integration with loT-enabled
devices, facilitating wider deployment in

resource-constrained regions.

Such advancements underscore the potential
of image-based malaria detection methods to
enhance early diagnosis and treatment,
especially in areas with limited medical

resources.

Index Terms — Malaria detection, red blood
cell (RBC) analysis, digital microscopy,
medical image analysis, machine learning,
image-based  diagnosis, early disease

detection, Internet of Things (IoT),
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healthcare, = computer-aided  diagnosis,
biomedical imaging, resource-constrained

environments.

I. INTRODUCTION

Malaria continues to be one of the world’s
most deadly infectious diseases, particularly
in sub-Saharan Africa, Asia, and Latin
America. Despite ongoing efforts to control
the disease, it remains a major cause of
morbidity and mortality, with millions of
cases and hundreds of thousands of deaths
reported annually. Traditional diagnostic
methods, such as manual microscopic
examination of blood smears, remain the gold
standard for detecting malaria parasites in
infected red blood cells (RBCs). However,
these methods are labor-intensive, time-
consuming, and highly dependent on the skill
and experience of laboratory technicians.
Moreover, in resource-limited settings,
access to well-equipped laboratories and
trained personnel is often inadequate, further
exacerbating  the challenge.  Recent
advancements in digital microscopy and
machine learning (ML) technologies have
opened new avenues for improving the
diagnosis of malaria. With the potential to
automate image analysis, deep learning
models can offer faster, more accurate, and

cost-effective  alternatives to traditional

Vol. 22, No. 2(4), 2026

methods. By analyzing digital images of
blood smears, these algorithms can identify
malaria parasites with high precision,
providing a reliable and accessible solution,
particularly for remote areas. Furthermore,
the integration of these models into Internet
of Things (IoT)-enabled devices could
facilitate real-time diagnosis and remote
monitoring, addressing the issue of access to

healthcare in underserved regions.

II. RELATED WORK

A. Deep learning and machine learning for

malaria detection

To have the greatest impact, public health
initiatives must be made using evidence-
based decision-making. Machine learning
Algorithms are created to gather, store,
process, and analyse data to provide
knowledge and guide decisions. A crucial
part of any surveillance system is image
analysis. The communities of computer
vision and machine learning has ended up
curious about it as of late. This study uses a
variety of machine learning and image
processing approaches to detect and forecast
the malarial illness. In our research, we
discovered the potential of deep learning
techniques as smart tools with broader
applicability for malaria detection, which

benefits physicians by assisting in the
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diagnosis of the condition. We examine the
common confinements of deep learning for
computer frameworks and organising,
counting need of preparing data, preparing
overhead, realtime execution, and explain
ability, and uncover future inquire about

bearings focusing on these restrictions.

B. Employing machine learning and loT
for earthquake early warning system in

smart cities

An earthquake early warning system (EEWS)
should be included in smart cities to preserve
human lives by providing a reliable and
efficient disaster management system. This
system can alter how different entities
communicate with one another using an
Internet of Things (IoT) network where
observed data are handled based on machine
learning (ML) technology. On one hand, [oT
is employed in observing the different
measures of EEWS entities. On the other
hand, ML can be exploited to analyze these
measures to reach the best action to be taken
for disaster management and risk mitigation
in smart cities. This paper provides a survey
on the different aspects required for that
EEWS. First, the IoT system is generally
discussed to provide the role it can play for
EEWS. Second, ML models are classified
into linear and non-linear ones. Third, the

evaluation metrics of ML models are

Vol. 22, No. 2(4), 2026

addressed by focusing on seismology.
Fourth, this paper exhibits a taxonomy that
includes the emerging ML and [oT efforts for
EEWS. Fifth, it proposes a generic EEWS
architecture based on IoT and ML. Finally,
the paper addresses the application of ML for
earthquake parameters’ observations leading

to an efficient EEWS.

C. A deep learning model for malaria
disease detection and analysis using

deep convolutional neural networks

Malaria is a very infectious disease that is
caused by female anopheles mosquito. This
disease not only harms humans but also
animals. If this disease not diagnosed
properly in the early stage than it can cause
muscular paralysis or even death of the
patient in worst case. Due to lack of highly
technical expertise in industry, it becomes
very difficult to confirm the presence of
disease. In this context, the intervention of IT
must be involved for proper and rapid
detection of disease. Modern day IT sectors
are putting their blood and sweat for fighting
this disease by taking the help of IT sector
buzz words technologies like Machine
Learning, Deep Learning and Artificial
Intelligence. These technologies have been a

backbone for healthcare
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since the last few years and will continue to
be if used properly. This paper uses the CNN
algorithm on the microscopic image of the
malaria infected blood cells to predict if an
organism is suffering from malaria or not.
Our proposed model got accuracy of 95.23%
and out of 16 random images, 15 are always

predicted correctly.

D. An implementation of malaria detection
using regional descriptor and PSO-SVM

classifier

Malaria is a serious worldwide health issue
which causes an expected 13,444 individuals
in danger of malaria in 2017. The estimated
cost of detection of malaria in India is 11,640
crores per year. So there is an urgent need for
a new tool to diagnose malaria. Malaria is
completely preventable and treatable disease.
In this project, we make a new tool to
diagnose malaria using regional descriptor
and PSO-SVM classifier. The proposed work
used various image processing techniques
like image acquisition, image pre-processing,
image segmentation, feature extraction and
classification. The implementation work is
mainly focusing on detection accuracy,
computational time, less estimation time for
parasite detection. In this way, the new tool
for the detection of malaria parasites gives
faster and accurate results, and by using this

proposed methods pathologists can easily

detect malaria parasites, and they can achieve
98% accuracy. This new tool is useful to

reduce deaths.
II1. PROPOSED METHODOLOGY

ResNet, or Residual Network, is a deep
learning architecture that transformed how
very deep neural networks are designed by
addressing the common problem of vanishing
gradients. Traditional deep networks often
struggle with this issue, where the gradient
(used in backpropagation to update weights)
diminishes as it passes through many layers,
making it hard for the model to learn
effectively in  deeper  architectures.
Developed by researchers at Microsoft,
ResNet introduced a novel approach known
as ‘"residual learning," which allows
information to flow directly across layers
through  shortcut  connections.  These
connections bypass one or more layers,
effectively enabling the network to "skip"
some layers and directly connect the input of
a layer to a later layer's output. This
mechanism adds the feature maps from the
earlier layers to those of the deeper layers,
which simplifies the task for the network by
letting it learn the residuals, or the
differences, between the output and the input
rather than forcing it to learn an entire
transformation from scratch. This structure of

“residual blocks” enables ResNet to train
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very deep networks—up to hundreds or even
thousands of layers—without encountering
the vanishing gradient problem, which often
affects traditional deep learning models. One
of the most notable achievements of ResNet
is its impact on ImageNet, a highly
competitive benchmark dataset for image
classification. ResNet achieved state-of-the-
art results on ImageNet, reducing
classification error significantly and setting
new standards in the field. Moreover, the
residual learning approach has found
applications in other fields, including natural
language processing (NLP) and
reinforcement learning. NLP models have
adapted residual connections to improve
language representation learning, particularly
in deep transformer-based architectures,
which have become the standard for tasks
like language translation and sentiment
analysis.

ResNet’s contributions to deep learning are
invaluable, as it demonstrated that extremely
deep networks could be trained effectively
and efficiently with residual learning. This
concept has since been incorporated into
countless architectures and remains a
fundamental tool in modern deep learning.
ResNet's structure provides scalability and
flexibility for building very deep networks,

paving the way for advances in artificial

Vol. 22, No. 2(4), 2026

intelligence by addressing one of the core

challenges of training deep neural networks.

Microscopic malariz- Balancing the tradeoff between computation (training time| required for point-of-care-
infected blood cell device vs accuracy along with type-/l error cansideration
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Fig. 1: System Overview

3.1 Data Gathering

This is the process of collecting raw data
from various sources. The goal is to gather
enough relevant data to build and train your

model.

3.2 Data Analysis

In this step, you examine and understand the
collected data. You look for patterns, trends,
outliers, and other key features. This helps in
understanding the structure of the data and in

deciding how to preprocess it.

3.3 Preprocessing

Preprocessing  involves cleaning and
transforming the raw data into a format

suitable for analysis. This may include
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handling missing values, normalizing or
scaling numerical features, encoding
categorical variables, or removing irrelevant

data points.

3.4 Data Splitting

Here, you divide the data into two or more
sets: typically a training set and a test set.
The training set is used to train the model,
while the test set is used to evaluate its
performance. A common ratio is 70% for

training and 30% for testing, but this can

vary.
3.5 Algorithm Apply on Train Data:

In this step, you apply a machine learning
algorithm to the training data. The algorithm
learns the patterns and relationships in the

data by finding correlations between features.

3.6 Model Accuracy:

After applying the algorithm, you measure
the model's accuracy. This is usually done by
comparing the predicted values (from the
model) with the actual values (from the test
set). Metrics like accuracy can be used to

evaluate performance.

3.7 Classification

Vol. 22, No. 2(4), 2026

This is a type of supervised learning where
the model is tasked with categorizing data

into predefined classes or labels.

IV. EXPERIMENTAL RESULTS AND
ANALYSIS

The experimental results show that the
proposed hybrid deep learning framework
effectively identifies malaria-infected red
blood cells from microscopic blood smear
images with high accuracy. By combining
advanced image analysis and deep learning
techniques, the model improves detection
performance and reduces misclassification.
The framework also enables faster diagnosis,
making it suitable for real-time clinical
applications. Overall, the results demonstrate
its potential for accurate and accessible
malaria screening, especially in resource-

limited healthcare settings.

Malaria Identification

Uninfected

Fig. 2: Predict Uninfected
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Malaria dentification model’s performance can be further

optimized through transfer learning and data

Parasitized

augmentation, making it suitable for
resource-constrained  settings.  Overall,

ResNet-based approaches offer a promising

path toward scalable, cost-effective, and
Fig. 3: Predict Parasitized accurate malaria detection, contributing to

global disease control efforts.

Data Classification
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