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now thought to be the best technology for diagnosing malaria. On the other
hand, it takes time and is subject to human mistake. It is crucial that the
evaluation procedure be automated because it is such a significant issue for
world health. This article's goal is to promote automation of the diagnosis
procedure in order to do away with the necessity for human involvement.
The strategy is founded on known erythrocyte and Plasmodium parasite
intensity characteristics to be erratic. The same dataset is used to train the
transfer learning models CNN, densnet201, Nasnet large, InceptionNet,
Xception, Hybrid (CNN + DenseNet201 + NasNet Large + InceptionNet +
Xception), KNN, SVM, Mobilenet, VGG16, Resnet50, InceptionV3,
Densenet169, Resnetl01, Lenet, and efficientnet V2S. Both transfer
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1. Introduction

Malaria is spread through the bites of female Anophelesmosquitoes infected with Plasmodium
protozoan parasites,which infect red blood cells and cause them to swell andswell up. Every
year, 3.2 billion people worldwide are at highrisk of developing malaria, according to the
World HealthOrganization. According to a survey conducted by theWorld Health Organization
[1], 91 countries recorded 216million cases of malaria. The World Health Organization is
anongovernmental organization that promotes healthworldwide. Global malaria cases were
primarily concen-trated in the African Region, which was then followed by theSoutheast Asia
Region and the Eastern Mediterranean Re-gion. The symptoms of malaria are often associated
withfever, tiredness, headaches, and, in extreme cases, seizuresand coma, all of which can be
fatal if not treated promptly.Malaria is a preventable disease that can be controlled
withadequate treatment. There is, however, no effective immu-nization available at this time.
Once infected, it is a diseasethat progresses at a rapid pace. Malaria is a significant loadon our
healthcare system, and it is the top cause of death inmany developing and developing-country
populations. It isendemic in many parts of the world, which means that thedisease is met on a
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regular basis in those areas of the world.As a result, early detection and treatment of malaria
areessential in order to save lives. Because of this, we aremotivated to increase the effectiveness
and timeliness ofmalaria diagnostics in the future. Specialized technology isrequired in order
to resolve this problem. As a result, it isvital to obtain a prompt diagnosis. The most important
taskin diagnosing malaria is to determine whether or not par-asites are present. The most
common method of diagnosingmalaria is by the use of a blood sample. In the United States
alone, millions of blood samples are tested for malaria eachyear, with a trained pathologist
painstakingly countingparasites and infected red blood cells in each sample.According to the
World Health Organization regulation [2],the blood smear should be inspected under a
microscope at amagnification of 100x. Diagnostic treatments such as lightmicroscopy and rapid
diagnostic tests are two of the mostoften performed (RDT). The use of these two tests is
typicalin situations where high-quality microscopy services are notreadily available. However,
there are several disadvantages tousing these procedures, including the fact that the diagnosisis
primarily dependent on the pathologist’s knowledge andskill, the possibility of false-positive
and false-negative di-agnoses, which can result in the development of other ill-nesses, and the
fact that they are time-consuming, to name afew.

2. Literature Survey :

Fast analysis in routine histological samples was achieved by utilizing heterogeneous image
segmentation algorithms. Most algorithms are rarely dedicated to classification stage and
largely to analysis which led to poor detection sensitivities and early detection of parasite life
stage. Fast analysis in routine histological samples was achieved by utilizing heterogeneous
image segmentation algorithms. Most algorithms are rarely dedicated to classification stage
and largely to analysis which led to poor detection sensitivities and early detection of parasite
life stage [4]. Cecilia Di Ruberto et al. [5] utilized RGB images and segmented erythrocytes
restricted by size obtained from grey scale granulometry analysis using watershed algorithm.
Harsdorf distance and Morphological operations were utilized for schizonts classification.

Ross et al. [6] proposed similar technique except for enhancement of early life stage detection
using local threshold. A two-stage machine learning technique was used in this work for
differentiating parasite species through classification. Positive and negatives were classified in
the first stage utilizing the image features like color and texture. The second stage involved
assignment of infected erythrocytes based on parasite feature like shape, size and color. Malaria
evaluation utilized mathematical morphology. Segmentation of erythrocytes with application
of threshold function is achieved by applying edge filter to color of image. Erythrocyte
infection was decided based on association factor between edges and sequential application of
binary morphological operations.

Detection of erythrocytes using template matching technique was proposed by Halim et al. [7]
where original images were employed to construct grey scale template and associating it with
predefined binary template. A 3x3 matrix is constructed using the eight-level color quantized
image. Parasite classification using pixels is done based on threshold of cooccurrence matrix.
Machine Learning is the used to detect the parasite infection.
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Later pixels are clustered into objects as parasite by utilizing many traditional mathematical
morphology operators and k-nearest neighbor classifier is employed to determine non parasites.

3. Proposed System:

This article's goal is to promote automation of the diagnosis procedure in order to do away with
the necessity for human involvement. The strategy is founded on the intensity characteristics
of erythrocytes and Plasmodium parasites, both of which are known to be changeable. The
same dataset is used to train the transfer learning models CNN, densnet201, Nasnet large,
InceptionNet, Xception, Hybrid (CNN + DenseNet201 + NasNet Large + InceptionNet +
Xception), KNN, SVM, Mobilenet, VGG16, Resnet50, InceptionV3, Densenet169, Resnet101,
Lenet, and efficientnet VV2S. Both transfer learning and fine-tuning strategies are used, and the
results are contrasted. Experimental evidence demonstrates that the suggested models operate
well and yield reliable results.

The DFD is also called as bubble chart. It is a simple graphical formalism that can be used to
represent a system in terms of input data to the system, various processing carried out on this
data, and the output data is generated by this system.

The data flow diagram (DFD) is one of the most important modeling tools. It is used to model
the system components. These components are the system process, the data used by the process,
an external entity that interacts with the system and the information flows in the system.

DFD shows how the information moves through the system and how it is modified by a series
of transformations. It is a graphical technique that depicts information flow and the
transformations that are applied as data moves from input to output.

DFD is also known as bubble chart. A DFD may be used to represent a system at any level of
abstraction. DFD may be partitioned into levels that represent increasing information flow and
functional detail.

3.1 Modules:
3.1.1 Tensorflow

TensorFlow is a free and open-source software library for dataflow and differentiable
programming across a range of tasks. It is a symbolic math library, and is also used for machine
learning applications such as neural networks. It is used for both research and production

at Google.

TensorFlow was developed by the Google Brain team for internal Google use. It was released
under the Apache 2.0 open-source license on November 9, 2015.

3.1.2 Numpy

Numpy is a general-purpose array-processing package. It provides a high-performance
multidimensional array object, and tools for working with these arrays.
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It is the fundamental package for scientific computing with Python. It contains various features
including these important ones:

A powerful N-dimensional array object

Sophisticated (broadcasting) functions

Tools for integrating C/C++ and Fortran code

Useful linear algebra, Fourier transform, and random number capabilities

Besides its obvious scientific uses, Numpy can also be used as an efficient multi-dimensional
container of generic data. Arbitrary data-types can be defined using Numpy which allows
Numpy to seamlessly and speedily integrate with a wide variety of databases.

3.1.3 Pandas

Pandas is an open-source Python Library providing high-performance data manipulation and
analysis tool using its powerful data structures. Python was majorly used for data munging and
preparation. It had very little contribution towards data analysis. Pandas solved this problem.
Using Pandas, we can accomplish five typical steps in the processing and analysis of data,
regardless of the origin of data load, prepare, manipulate, model, and analyze. Python with
Pandas is used in a wide range of fields including academic and commercial domains including
finance, economics, Statistics, analytics, etc.

3.1.4 Matplotlib

Matplotlib is a Python 2D plotting library which produces publication quality figures in a
variety of hardcopy formats and interactive environments across platforms. Matplotlib can be
used in Python scripts, the Python and IPython shells, the Jupyter Notebook, web application
servers, and four graphical user interface toolkits. Matplotlib tries to make easy things easy and
hard things possible. You can generate plots, histograms, power spectra, bar charts, error charts,
scatter plots, etc., with just a few lines of code. For examples, see the sample
plots and thumbnail gallery.

For simple plotting the pyplot module provides a MATLAB-like interface, particularly when
combined with IPython. For the power user, you have full control of line styles, font properties,
axes properties, etc, via an object oriented interface or via a set of functions familiar to
MATLAB users.

3.1.5 Scikit — learn

Scikit-learn provides a range of supervised and unsupervised learning algorithms via a
consistent interface in Python. It is licensed under a permissive simplified BSD license and is
distributed under many Linux distributions, encouraging academic and commercial use.
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5. Implementation
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Fig 4: Working Screenshot

Vol. 72 No. 1 (2023) 1749
http://philstat.org.ph


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865
Malaria Disease Classification Using Transfer Learning

Your Prediction

Uploaded Image:

is:Image y p is infected and

Try again?

Fig 5: Result
4.Conclusion and Future Work:

To increase the performance of malaria diagnosis categorization in this study, we applied end-
to-end deep-learning neural networks from start to finish. Deep learning helps computers find
meaningful links in a large amount of data and make sense of unstructured data. Transfer
learning, on the other hand, is a machine learning research problem that puts an emphasis on
loading knowledge gained while trying to solve one problem and implementing it to a different
but related problem. Based on our Fastai experience, we believe that using a layered API in
deep learning can provide significant research benefits to the community. Compared to custom-
built CNN models, it is, however, far more compatible with predefined architectures (for
example, ResNet, Inception, and so on). Based on the simulation findings, it was proved that
these deep-learning algorithms were capable of reaching extraordinarily high accuracy in
pattern recognition. Based on our experimental findings, we conclude that the pretrained
convolutional neural network model VGG-19 performs significantly better than ResNet-50,
ResNet-34, and VGG-16 for the classification of blood smears. We employed transfer learning
and fine-tuning to increase the performance of these pretrained models, and the results were
promising. Their performance is influenced by the ar-chitecture, the training framework, and
the volume oftraining data that they are given. In order to avoid in-formation loss from images,
the dropout approach wasnot employed in this study. We developed a web-basedinterface to
make it easier for the end-user to use thismodel and categorize blood smear photos, which is
nowunder development. [Jis has the potential to reduce stresson medical field workers while
simultaneously boostingthe speed with which diagnoses are made. In the future, wewant to
concentrate on improving the performance of the CNN models by optimizing their architecture,
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which willresult in a significant rise in the accuracy of malariadetection. Mobile devices and
cloud-based implementa-tion are also options for extending the end-user appli-cation’s
functionality.
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