—

528 L o o g o4eS (o g 5o1)

‘ =T

University of Computer Studies (Mandalay)

Department of Advanced Science and Technology
Ministry of Science and Technology

The Republic of the Union of Myanmar

(&
@)
=
Py
Z
>
~
@)
I
Z
T
@)
Py
<
>
-
®)
b
_|
M
@)
T
Z
@)
I
O
@
<
Y
M
wn
[
>
T
@)
T
>
Z
]
Z
Z
@)
<
>
o
@)
Z

¥20g ‘sung

<,.
—
— —
s e .
"

L)

JOURNAL OF INFORMATION TECHNOLOGY,
RESEARCH AND INNOVATION

June, 2024

Organized by
University of Computer Studies
(Mandalay)

Volume-4, Issue-1




JOURNAL OF INFORMATION TECHNOLOGY,
RESEARCH AND INNOVATION

JITRI, 2024
Vol-4, Issue-1

UNIVERSITY OF COMPUTER STUDIES (MANDALAY)



st

Journal of Information Technology, Research and Innovation (JITRI) 2024, VVol-4, Issue-1

Journal of Information Technology, Research and Innovation
(JITRI), 2024 Committee

University of Computer Studies (Mandalay)

Editor in Chief Prof. Dr. San San Tint, Pro Rector

Technical Program Committee & Editorial Board

Prof. Dr. Thin Thin Naing

Prof. Dr. Aye Aye Chaw

Prof. Dr. Thandar Aung

Prof. Dr. Mya Thida Kyaw
Prof. Dr. Yu Ya Win

Prof. Dr. Saw Thandar Myint
Prof. Dr. May Mya Aung

Prof. Dr. Nwe Nwe Htoon
Assoc. Prof. Dr. Thein Htay Zaw
Assoc. Prof. Dr. Yin Min Tun
Assoc. Prof. Daw San San Lwin
Dr. May Phyo Thu



st

Journal of Information Technology, Research and Innovation (JITRI) 2024, VVol-4, Issue-1

Acknowledgements for Reviewers and Organizing members of JITRI

The Journal of Information Technology, Research and Innovation
(JITRI) 2024 technical program committee would like to express the
deepest appreciation to the external reviewers and organizing members for
collaborating to publish this journal successfully. JITRI (2024) is published
as the sixth time in order to undertake research in their respective fields of
studies. Finally, we would like to thank all the authors who had submitted
their research papers by making their great efforts in the Journal of
Information Technology, Research and Innovation (JITRI), 2024, Vol- 4,

Issue-1.



5!
-)j;Journal of Information Technology, Research and Innovation 2024, VVol-4, Issue-1

Table of Contents

Sr. No. Title Page
1. Four Times Image Upscaling from Low-Resolution Input Using
Custom Fast Super Resolution Convolutional Neural Network 1-8
Min Thway Han, Hlaing Moe Than, Sai Zaw Latt, and Kyaw Kyaw
Lin
2. Online Food Order Clustering using DP-Means and K-means
Algorithms on Apache Spark 9-13
Phyu Phyu Myint, and Thin Thin Yi
3. Cultural Heritage in Myanmar using Knowledge Management
System 14-17
Hmway Hmway Tar, and Zay Ya Zaw
4. Attention-Based Neural Machine Translation Between Myanmar
and English 18-25
Phyu Moe Nyunt, and Su Su Win
5. Human Faces Expression Recognition using CNN Model
Phyu Moe Nyunt, and Su Su Win 26-32
6. Scrutiny of Optical Extinction Bands of COLLOIDAL Colloidal
Ag NPs and Agcore-Cushell Nanoparticles in Different Stabilizing 33-39
Agent for Stability Evaluation
Thaung Hlaing Win
7. Particles Size and Structural Properties of Colloidal Silver
Nanoparticles by Green Synthesis Method 40-47
Yin Yin Htwe, Htet Htet, and Thaung Hlaing Win
8. Finetuning Whisper for Domain Specific Multilingual ASR
Application 48-58
Sai Myat Htoo, and Ei Ei Moe
9. Comparative Analysis of Hash Algorithms Performance in
Decentralized Messaging Platform
59-63
Ko Ko Min, Hein Tun, Aung Ko Latt, and Nay Lynn
10. Comparative Study of Strong and Soft Reducing Agent
Concentrations on Size Evolution of Silver Nanorods 64-70

Thiriwin, Myint Myint Kyi, and Thaung Hlaing Win

June, 2024



-@ Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

Sr. No. Title Page

11. Effect of Natural Dyes Concentration on Size and Surface Plasmon  71-78
Properties of Colloidal Silver Nanoparticles

Htet Htet, Yin Yin Htwe, and Htun Win

12. IOT-Based Real-Time Vehicle Tracking and Battery Monitoring 79-92
System for Electric Vehicles

Nann Sandar Aye, Pa Pa Winn San, and Aye Min Soe

13.  Comparative Analysis of U-Net and ResNet-Enhanced U-Net 93-100
Architectures Evaluating Binary Cross-Entropy and Focal Tversky
Loss Functions in Satellite Image Segmentation

Myo Myat Thu, Phone Naing, and Kyaw Kyaw Lin

14.  Studying Importance of Encryption and Testing Some Popular 101-106
Tool

Zin Mar Oo, Theint Theint Htwe, and Myintzu Phyo Aung

15. Recommendation System Based on Apache Spark using Big Data ~ 107-115
Naw May Myat Noe, and Myintzu Phyo Aung

16. Rice Leaf Disease Classification with SVM Classifier 116-121
Than Than Htwe

17. WEATHER MNITORING SYSTEM BASED ON MACHINE 122-128
LEARNING WITH RASPBERRY PI

Ngu War Tun, and Atar Mon

i June, 2024



R
& Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

FOUR TIMES IMAGE UPSCALING FROM
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ABSTRACT

In this paper, we propose the Custom Fast Super
Resolution Convolutional Neural Network
(CFSRCNN) model. Other FSRCNN models can
upscale images four times from tiny to large, but
our proposed model can not only process
upscaling images four times, but it can also
process these images without losing their quality,
and the model's processing time is very quick. In
this paper, the researcher utilized the proposed
architecture and our own dataset for four times
the original size upscaling of tiny images. The
experimental results show that CFSRCNN is an
effective and efficient solution for upscaling
small images to four times their original size,
making it a valuable tool for a wide range of
image enhancement applications.

KEYWORDS

Convolutional Neural Network, Deep learning,
FSRCNN, Image restoration, Super-resolution

1. INTRODUCTION

The FSRCNN model's CNN convolutional
neural network architecture is designed to
efficiently upscale images with minimal
computational effort. It consists of layers of
convolution and deconvolution that alternate
and learn to capture and reconstruct fine image
details during the upscaling process [1]. The
model's lightweight design enables real-time
performance on various platforms, making it
suitable for real-world applications, including
image restoration, video upscaling, and other
related tasks.

In this research, the FSRCNN model is
trained on a diverse dataset of low-resolution
images and corresponding high-resolution
actual data. The training process leverages
loss functions, such as mean squared error,
to minimize the discrepancy between the
upscaled output and the ground truth. During
inference, the trained FSRCNN model
effectively upscales small input images by
four times, significantly improving their
visual quality and revealing finer details not
present in the original low-resolution versions.

Experimental results demonstrate its
superiority over traditional interpolation-
based methods and competitive performance
compared to more complex super-resolution
models, all while requiring significantly
reduced computational resources. The
findings highlight FSRCNN's effectiveness
as an efficient solution for upscaling small
images, rendering it a valuable tool for
enhancing image quality across various
applications.

The aim of using Custom Super-Resolution
Convolutional Neural Network architecture
is to describe a method for improving image
quality by increasing resolution using a
proposed CFSRCNN, particularly enhancing
low-resolution inputs fourfold.

In this paper, the next section 2 describes
about the related works of the proposed system
and then section 3 presents about research
methodology of the proposed system. In
section 4, the own dataset is presented and
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model training and model testing are discussed
at section 5 and 6. Finally, the system is
concluded in section 7.

2. RELATED WORKS

2.1. Image Super-Resolution Using
Deep Learning

The FSRCNN (Fast Super Resolution
Convolutional Neural Network) is a deep
learning model designed for image super-
resolution tasks, particularly upscaling low-
resolution images. Several other models like
EDSR (Enhanced Deep Super-Resolution),
ESPCN (Efficient Sub-Pixel Convolutional
Neural Network), and LapSRN (Laplacian
Pyramid Super-Resolution Network) also
target similar objectives [2]. The mentioned
models, EDSR, ESPCN, LapSRN and
FSRCNN all contribute to the field of image
super-resolution. EDSR stands out for its high
accuracy, et it suffers from slow processing
speed and large file sizes. ESPCN, while tiny
and fast, lags behind in visual performance
compared to newer models. FSRCNN excels
due to its speed, compact size, and
reasonable accuracy. Notably, the FSRCNN-
small variant sacrifices some accuracy for
even faster performance. LapSRN offers
multi-scale super-resolution with a single
pass, accommodating various scaling factors
efficiently. However, it's slower than ESPCN
and FSRCNN, and its accuracy falls short of
EDSR's standards.

Among these models, FSRCNN emerges as
a compelling choice for upscaling images. It
strikes a balance between speed, accuracy,
and size, making it suitable for real-time
applications and situations with resource
constraints. While EDSR, LapSRN, and
ESPCN possess their respective strengths,
FSRCNN's combined advantages make it a
valuable option for image upscaling tasks
that require both efficiency and reasonable
visual quality [3].

2.2. FSRCNN for Image Super-
Resolution

The objective of image super-resolution is to
reconstruct high-resolution images from low-

resolution inputs [4]. Dong et al. first
introduced the SRCNN in 2014, marking the
use of convolutional neural networks in the
field of super-resolution of images, which
resulted in significant improvements in
image enhancement [1]. One notable
limitation of SRCNN is its reliance on
learning mappings from bicubic interpolated
low-resolution images rather than their
original low-resolution counterparts [8].
Nevertheless, SRCNN's use of a 5x5
convolution kernel for learning nonlinear
mappings imposes restrictions on the
network's learning capacity within this
context [6]. To address these limitations, a
range of approaches were proposed by Dong
et al. and Kim et al., such as the Extended
Super Resolution Convolutional Neural
Network (SRCNN-ex) and the FSRCNN [1].

In light of these developments, the utilization of
FSRCNN emerges as particularly compelling
for image upscaling. By addressing the
limitations of SRCNN, FSRCNN offers a
refined solution. It not only reduces
computational complexity by utilizing a
compact model, but it also leverages a more
efficient sub-pixel convolutional structure.
This results in a network that strikes a balance
between computational efficiency and accurate
image restoration. FSRCNN's evolution
from the pioneering SRCNN exemplifies the
continuous refinement and optimization of
deep learning techniques for the task of
image super-resolution. Figure 1 shows the
differences in network architecture between
FSRCNN and SRCNN [1].

......

-

Figure 1. SRCNN and FSRCNN's Network
Architectures

3. METHODOLOGY

3.1. Fast Super-Resolution Convolut-
ional Neural Networks (FSRCNN)

Dong et al. (2016) introduced the FSRCNN,
which aims to speed the SRCNN that was
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previously suggested [1]. In contrast to
SRCNN, FSRCNN can learn the mapping
from the original LR picture to the HR image
without the need for a deconvolution layer by
adding one at the network’s the end [7]. The
aforementioned techniques have helped to
minimize the overall network's calculating
costs to some extent. Additionally, in this
improved non-linear mapping appearance,
FSRCNN adds a decreasing layer at starting
point and an increasing layer at the conclusion,
respectively (He et al., 2016) [1]. A smaller
filter (size=3*3) is used in the nonlinear
layer by FSRCNN [1]. The entire network is
built as a small hourglass-shaped CNN
structure, which consists of five steps: feature
extraction, shrinking, non-linear mapping,
expanding, and deconvolution [1]. Convolution
layers make up the first four portions, while
deconvolution layers make up the final
component. For ease of comprehension, the
term "convolution layer" is used. as Conv (f;;
n;; ¢;) and a deconvolution layer as DeConv
(fi; ni; ¢; ) wheref;; n;; ¢; stand for the filter
size, the number of filters, and the channel
count, respectively [1]. We are unable to look
at every variable in the network because there
are tens of them ({f;; ni; ¢; } 0i=1) [1]. As a
result, a fair value is given to the insensitive
variables in advance while leaving the
sensitive variables unset. When a little change
in a variable may have a large impact on how
well something performs, that variable can be
referred as sensitive. These sensitive variables
always signify some significant SR-influencing
elements, as will be seen from the explanations
that follow.

Feature Extraction: Feature extraction is the
initial step in the FSRCNN process, where
the low-resolution input image is analyzed to
capture important patterns and features.
FSRCNN adopts a convolutional layer with
smaller filters to perform feature extraction
[1]. These filters scan the input image to
identify low-level features such as edges,
textures, and simple shapes. This step's
objective is to create a concise illustration of
the essential information from the input

image that can be further processed for
super-resolution.

Shrinking: In the shrinking step, a filter of
size 1*1 is used by the shrinking layer to
change the LR feature dimension from d to
s, where d is the size of the features in the
LR image after feature extraction and s is the
number of filters (s <d) [1]. This is achieved
by convolving the feature maps (generated
in the previous step) with a set of smaller
filters. The application of these smaller
filters reduces the feature maps' dimensions
while retaining important information. The
shrinking process helps reduce the network's
computational complexity while capturing
significant features efficiently.

Mapping: The mapping step is where the
magic of super-resolution happens in
FSRCNN [1]. After the shrinking stage, the
network utilizes multiple convolutional
layers to learn non-linear mappings from the
low-resolution feature space to the high-
resolution feature space. These layers are
responsible for capturing complex relation-
ships between low-resolution and high-
resolution features. In essence, this mapping
process learns how to reconstruct higher-
resolution information from the extracted
lower-resolution features.

Expanding: After mapping, the expanding
step takes place. Here, deconvolutional layers
(also known as transposed convolutional
layers) are used to upsample the features
back to a higher resolution. Deconvolutional
layers are applicable to enlarge the feature
maps while filling in the missing details
based on the learned mappings from the
previous step [1]. The result is that the
expanding step helps reconstruct a HR
representation of the image.

Deconvolution (Up-sampling): Deconvolu-
tional layers, used in the expanding step, are
the reverse of standard convolutional layers
[1]. While convolutional layers take an input
and apply filters to downsample or extract
features, deconvolutional layers take a
lower-resolution input and use filters to
upsample and reconstruct higher-resolution
feature maps. They achieve this by applying
the transpose of the convolution operation.
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3.2. Model Architecture

Our proposed CFSRCNN model architecture
consists of four convolutional layers which
shown in Table 1. It takes an input image of
shape (None, None, 3), where the first two
dimensions can be of any size, and the last
dimension represents the three-color channels
(RGB). And we created a 2D convolutional
layer with 56 filters, a 5x5 kernel size, and
the same padding. The activation function
used is ReLU. This layer is utilized as the
input layer, effectively connecting the input
to this convolutional layer. And we created
another 2D convolutional layer with 16
filters,1x1 kernel size, and the same padding.
The activation function used is ReLU. The
output from the preceding layer is contained
in this layer.

This adds another convolutional layer to the
model. And we create a 2D transposed
convolutional layer (also known as
deconvolution) with 16 filters, a 9x9 kernel
size, 4 strides, and the same padding. The
activation function used is ReLU. In this
layer, we add the transposed convolutional
layer to the model. We create another 2D
transposed convolutional layer with 3 filters,
a 5x5 kernel size, and the same padding.
Since no activation function is specified, it
defaults to linear activation (no activation).
In this layer, we add the last transposed
convolutional layer to the model. The last
Lambda layer that applies the last output
transposed convolutional layer must ensure
the output values are within the valid range for
image pixel values (0 to 255).

Table 1. Proposed CFSRCNN Model Architecture

Layer (type) Output Shape Parameters
Input_1 (input layer) | (None, None, None, 3) 0
conv2d (Conv2D) (None, None, None, 56) 4256
conv2d 1 (Conv2D) | (None, None, None, 16) 912
conv2d_ transpose
(Conv2DTranspose) (None, None, None, 16) 20752
conv2d_ transpose_1
(Conv2Dtranspose) (None, None, None, 3) 1203
lambda (Lambda) (None, None, None, 3) 0
Total parameters: 27,123
Trainable parameters: 27,123
Non-trainable parameters: 0

4. DATASET

In this experiment, we used the own dataset
that included 30 different kinds of face shapes
of 42 men, the collection has 1260 images in
total. Figure 2 shown 30 different images of
one person from a dataset of 42 people.
Figure 3 shows the 42 individual image samples
from the dataset.
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Figure 2. The Dataset of 42 People
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Figure 3. Describing 30 images of a person
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5. MODEL TRAINING

For this model training, the own architecture
was used by us. Figure 4 shown the model
training diagram step-by-step and the
explanations that follow.
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Load Custom
Dataset

Preprocessing Steps
k4

Resize Image
(224 x 224)

Resize and Create LR
Tmage (56 x 36)

h 4
Split Dataset
80% for Testing
20% for Training

Train CFSRCNN
Model using the
dataset

v

Evaluate Trained
Model

D

Figure 4. Model Training Diagram

5.1. Training Data

For this training, the researcher used a dataset of
low-resolution images and their corresponding
high-resolution images. During the pre-
processing stage, the various input image
sizes are downsized to 224x224 images, and
then these resized images are again resized to
create 56x56 low-resolution images. The
researcher used 20% of the images for testing,
and 80% of the images for training.

5.2 Model Training

The model was trained using the Adam
optimizer and Mean Squared Error (MSE)
loss. The training is performed for 1500 epochs
with a batch size of 32.

Adam Optimizer: The optimization algorithm
Adam (Adaptive Moment Estimation)
commonly utilized during training to update
the neural network weights [9]. It combines
the ideas of both the RMSprop and AdaGrad
algorithms and introduces momentum to
speed up convergence. In deep learning
applications, the Adam optimizer is frequently
utilized because it works well with complex,

large-scale models. The Adam optimizer's
update rule is as follows:[9]

me = By.me_g + (1 —B1).8¢

Ve = Bpvig + (1 —By). gt

~ mg
ms =

C1-p
~ Vi
Vy =

C1-BY

n —

Oy = 61 — - 1My

AR S
Where 6, is the vector of weights at iteration
t, g; is the loss's gradient with respect to 0 at
iteration t, m is the learning rate, which
controls the step size during weight updates,
B and p,are hyperparameters that
determine the first and second moments'
exponential decay rates, respectively,
m, and v, are the gradients' first and second
moments, respectively, m; and &y are bias-
corrected estimates of m, and v, , € is a small
constant (usually a very small value) to
avoid division by zero. The Adam optimizer
is an algorithm for optimizing adaptive
learning rates that effectively combines
momentum and adaptive scaling of learning
rates, being therefore suitable for effective and
efficient neural network training. [9]

Mean Squared Error (MSE) Loss: For
regression tasks, Mean Squared Error is a
widely used loss function. The difference
between actual (ground truth) and
anticipated values is calculated using the
average squared difference. With regard to
deep learning, MSE is often used as a
measure of how well a neural network is
performing on a given task, and the goal
during training is to minimize this loss. The
MSE loss is calculated as follows:

1 ~
MSE = ~ YL (v — 9)°

Where n is data points number (samples), y;
is the true value (ground truth) of the i-th
sample, 9; is the predicted value for the i-th
sample.

Each data point's loss is calculated
individually and then averaged over all the
data points to obtain the final MSE value.
The main advantage of MSE is that it
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penalizes large errors heavily, making it
particularly sensitive to outliers.

Checkpoints: Model checkpoints are saved
during training, and the best model (based on
validation loss) is saved with a unique
filename containing the epoch number and
validation loss. After training 1500 epochs
using CFSRCNN, the best result is achieved
at epoch 1388, which is shown in table 2.

Table 2. The Best Result of Trained Model

Validation | Validation

Dataset | Epoch Loss Accuracy

Own 1388/

Dataset | 1500 19.9093 0.9747

Evaluation: After training, the model is
evaluated on the test set using the evaluation
method. The evaluation result includes
validation loss and validation accuracy.

6. MODEL TESTING

For this model testing, the researcher used
best-trained model. Figure 5 shown the
model testing diagram step-by-step and the
explanations that follow.

/ Input Image /

v

Using Proposed Trained
CFSRCNN Maodel
(Upscaling tiny image to
4 times)

v

Output High-
Resolution Image

Figure 5. Model Testing Diagram

Input Image Pre-processing: The testing
image is first pre-processed by converting it
from BGR to RGB format.

High-Resolution Image Prediction: The
FSRCNN model is used to generate a high-
resolution version of the low-resolution image.
And the high-resolution (HR) output image is
obtained up to four times the input image.

7. EXPERIMENTAL RESULT

To carry out this experiment, the researchers
use a laptop with a Ryzen 9 (5900HX)
processor, 32 GB of RAM, and a 3050Ti
GPU (4GB) with the tensorflow_gpu (2.10.0)
framework. In this study, the researchers use
first an 800x800 image, and then resize this
image to 200x200 for the input image.

The researcher changed this resized 200x200
input image to an 800x800 upscaling output
image by using the proposed CFSRCNN
architecture. Researchers compared the final
upscaled super resolution image to the
original image in my experimental results
using the PSNR, SSIM, and MSE metho-
dologies.

The PSNR formula is used to compute a
ratio of the highest signal strength to the
amount of power of the distorted noise that
impairs the accuracy of its representation.
Decibel form is used to calculate this ratio
between the two images. The degradation of
a picture is regarded within the SSIM
(Structural ~ Similarity Index Method)
framework as a shift in the perceptual
comprehension of its structural elements. By
evaluating the similarities of two images the
source image and the restored version SSIM
measures the quality that is perceived of
pictures and videos.

Among image quality measurement metrics,
Mean Squared Error (MSE) stands as the
most prevalent. Operating as a full-reference
standard, it signifies higher precision when
its values approach zero. As a comprehensive
benchmark, lower MSE values correspond
to heightened quality [5][10]. Figure 6 shows
(@) the input 200x200 image and (b) the output
800x800 image. Table 3 shown the compari-
son results and processing time of PSNR,
SSIM and MSE.
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(b)

Figure 6. Upscaling 4 Times from 200x200 to 800x800 Image
Table 3. The comparison results and procession time of PSNR, SSIM and MSE

Input Super Ground Comparison SR and GT Processing
- Scale .
Image | Resolution | Truth Time
MSE SSIM PSNR
50x50 200x200 200x200 4x 55.28 0.99 30.70dB 0.1s
200x200 800x800 800x800 4x 4.32 1.00 41.78dB 0.4s

8. CONCLUSIONS

In summary, the researcher's own Custom Fast-
Super-Resolution Convolutional Neural Network
(CFSRCNN) architecture has proven to be a
highly efficient and effective solution for 4x
image upscaling from low-resolution inputs.
The network's fast processing speed and
computational efficiency make it appropriate
for real-time and resource-constrained appli-
cations. So, this architecture can be used in
surveillance areas, home security, and restricted
areas for the detection of expected people and
thieves by using CCTV. The success of this
FSRCNN maodel represents a significant devel-
opment in image super-resolution, enhancing
both computer vision and image processing
technology.
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ABSTRACT

With the burgeoning popularity of online food
ordering platforms (such as Food Panda, Grab,
etc.), understanding customer behaviour and
preferences becomes paramount for service
providers to enhance user experience and optimize
business operations. This study proposes a scalable
approach for clustering online food orders using
K-Means and DP-Means algorithms implemented
on the Apache Spark framework. The suggested
solution effectively processes massive volumes of
order data in real-time by utilizing Spark's
distributed computing capabilities, providing fast
insights for corporate decision-making. The
comparative analysis between K-Means and DP-
Means provides insights into the trade-offs between
conventional centroid-based clustering and the
non-parametric nature of threshold (lambda)-
based clustering. The outcomes of the experiments
demonstrate the scalability and effectiveness of the
methods in identifying important, meaningful food
order clusters, which led to customized
recommendations and  targeted  marketing
strategies in the virtual food industry.

KEYWORDS
K-Means, DP-Means, Clustering, Apache Spark

1. INTRODUCTION

The development of online meal ordering
platforms has brought about a revolution in the
food service sector, offering consumers an
unprecedented level of convenience and
decision-making, while also posing novel
difficulties and prospects for businesses.
Identifying the underlying trends and
preferences in customer habits is crucial for
these platforms because it may guide the
development of individualized marketing
campaigns, operational optimizations, and

tailored suggestions. In this situation,
clustering analysis proves to be a useful tool
since it makes it possible to identify different
consumer base groups or segments based on
ordering patterns.

In addition to their effectiveness and
simplicity, traditional clustering methods like
K-Means have found widespread application
in this domain. But, especially in high-
dimensional or noisy datasets, they depend on
an expectation of pre-defined cluster centroids,
which might not necessarily coincide with the
underlying data distribution. An alternate
method is provided by threshold-based
clustering algorithms, such DP-Means, which
define clusters based on local density
estimation. This method provides greater
flexibility and robustness against outliers and
unevenly formed clusters.

The current research proposes a unigue
method for clustering online food orders
utilizing the Apache Spark framework and a
combination of K-Means and DP-Means
algorithms.  The  distributed  computing
architecture offered by Apache Spark makes it
possible to handle vast amounts of data
effectively in parallel, which makes it an
excellent choice for managing the enormous
amounts of order data that online food
platforms create in real time. The suggested
solution seeks to draw significant conclusions
from the data by utilizing Spark's scalability
and fault tolerance, enabling better decision-
making for food service providers.

This study has two main goals: first, it will
investigate whether distinct online food order
clusters can be determined using traditional
centroid-based grouping (K-Means) and
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threshold-based  clustering  (DP-Means).
Secondly, it will assess the performance and
scalability of these algorithms when they are
implemented on the Apache Spark platform.
The suggested system aims to identify the
advantages and disadvantages of each strategy
and offer insights into their real-world
applications for the online food business
through empirical research and comparative
assessment. The suggested system's ultimate
objective is to equip food service providers
with useful information gleaned from their
order data, allowing them to improve customer
happiness, streamline operations, and spur
business expansion in the cutthroat internet
market.

This paper is organized mainly in the sections
that follow: The relevant research on a
thorough examination of clustering algorithms
on diners' meal orders is covered in Section 2.
An overview of the dataset and its preparation
is given in Section 3. The experimental work's
methodology is covered in Section 4, which
provides a detailed description of the
suggested system, procedure, and algorithm.
The paper's conclusion, included in Section 5,
offers insights into the system's future
direction.

2. RELATED WORK

The growing significance of decisions based
on data in the food service business has led
researchers and industry practitioners to focus
heavily on clustering analysis in the online
food ordering space. Numerous clustering
techniques have been used in this field, such as
the well-known centroid-based K-Means and

density or  threshold-based = DP-Means
approaches. However, more research and
assessment of these techniques is still

necessary in the context of massive amounts
order data and distributed computing
situations.

Previous research efforts have shown that K-
Means clustering can be used to segment
customers according to their ordering
behaviour and preferences. The author in [1]
used K-Means clustering to identify different
customer segments in the online food delivery
industry, which allowed for personalized
recommend-ations and targeted marketing
campaigns. The study [2] used K-Means
clustering to analyse food preferences and
dietary habits among customers of an online
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food delivery platform, which revealed
insightful information for menu optimization
and retention techniques.

The capacity of threshold-based algorithms for
clustering, such as DP-Means, to automatically
identify the number of clusters and manage
unevenly shaped data distributions, on the
other hand, has drawn attention. Although DP-
Means has not been utilized much in the
online food ordering arena, its flexibility and
robustness make it a viable option for
investigative data analysis and pattern
recognition in this field.

Furthermore, clustering algorithms are now
more scalable and parallelizable because to the
advent of distributed computing frameworks
like Apache Spark, which makes it possible to
analyze large datasets in real time with
effectiveness. Apache Spark has been utilized
in several studies to cluster workloads in
various sectors, demonstrating its ability to
manage large-scale big data analytics. For
instance, Zhang et al. (2018) showed how the
platform can manage massive volumes of
transaction data and generate insights that can
be used to improve business operations by
segmenting clients in the e-commerce industry
using Spark-based clustering techniques.

The literature currently lacks a comparative
examination of the K-Means and DP-Means
clustering algorithms, despite these
advancements. This is especially true when
comparing the techniques' application to
distributed computing platforms like Apache
Spark and data from online food orders. This
study [3] intended to bridge this gap by
conducting a thorough evaluation of these
tactics and assessing their benefits, drawbacks,
and practical applications for food service
enterprises operating in online markets.
Through empirical evaluation and comparative
analysis, the proposed system aims to offer
new insights and methods to the growing body
of research in this field, ultimately promoting
economic success in the online food market
and enhancing user experience.

3. DATASET

This study uses a 329-user dataset with 12
distinct behaviors that was downloaded from
Kaggle. The dataset can be tabulated (in Excel
or CSV, for example), where columns
represent the various qualities that are covered
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below, and rows represent alternative ordering.
Larger datasets may also be stored in relational
databases or distributed data storage systems.

When working with such a dataset, pre-
processing techniques such as data cleaning,
feature engineering, ETL process, and
normalization may be necessary to ensure data
quality and prepare the data for clustering
analysis using K-Means and DP-Means
algorithms. In order to improve the quality and
performance of the algorithms, the proposed
system first performs ETL pre-processing and
data cleaning.

The first step in the ETL process is extracting
data and data might come from: Order data:
Information about what customers ordered,
Customer data: Customer profiles, including
location addresses. Data cleaning for
handling missing values: If some data points
are missing, remove rows with missing data.
Removing duplicates: Make sure there are no
duplicate records, such as repeated customer
orders or duplicate entries in the database.
Table 1. Dataset Attributes

Attribute Data Type
Age Integer
Gender Categorical
Marital Status Categorical
Occupation Categorical
Annual Income Integer
Education Categorical
Family Size Integer
Latitude Float
Longitude Float
Spending Score Integer

4. PROPOSE SYSTEM AND
METHODOLOGY

The recommended procedure for clustering
online food orders on Apache Spark using K-
Means and DP-Means is described below:

a=n
| Load Customer Demographic Data |

1

| Pre process Data with ETL Process |

l

Cluster Customer Food Order Data with K- ‘

[ ceewcimtee |
‘ Generate Clusters "/ Results /

Compare the exccution time of the clustering [ Shors Pactormenca |
algorithms ] Results /

(e )
B

Figure 1. Flowchart of the Proposed System

4.1. Data Collection and Pre-processing

The proposed method obtains the online meal
order dataset from Kaggle, which is a relevant
source. After that, preparation is applied to this
dataset in order to eliminate any missing or
inaccurate values, standardize data formats,
and address outliers as necessary.

4.2. ETL Process and Analysis

The ETL process is a versatile method
commonly employed in data management and
analytics and also ensures data integrity in the
warehouse through standardization and the
removal of redundant entries [4]. This process
automates  selecting,  collecting, and
conditioning data from a data warehouse,
ensuring the output data is formatted optimally
for further processing or business purposes [4].
Different tests served specific functions,
revealing a research gap in advanced analysis
techniques for distributed data sources [5, 6].
The proposed system uses ETL process and
shows the visualization of the data using plots,
histograms, and other graphical
representations to identify potential clusters or
trends.

Scale numerical features to a range (0, 1) so
that no single feature dominates the clustering
algorithm. For example, if the total order value
is in thousands while the number of orders is a
single-digit number, normalizing these
features ensures they have equal weight. If the
data contains categorical variables (e.g.,
gender, marital status, occupation, education),
the system converts these into numerical
values.

df = pd.read ("../input/mall-customerscsv/Mall_Customers.csv")

ead_csv
display(df.head())

CustomerlD Gender Age Annual income (k$) Spending Score (1-100)

1 Male 19 15 39
2 Male 21 15 81
e 20 16 6

4 Female 23 16 77

A 0w N = o
®
n

5 Female 31 17 40

(200, 5)

Figure 2. Reading Customer Data with
Selected Attributes

4.3. Clustering Algorithms

The recommended approach chooses the most
appropriate clustering methods based on the
type of data, the requirement for scalability,
and the desired cluster properties. This system
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selects K-Means and DP-Means as the primary
clustering methods to compare due to their
distinctions in threshold-based and centroid-
based clustering.

f
(o )
A single cluster initialization with global centroid |
i
A set of cluster indicators initialization and reset
with argmin of the distances
1

Calculate the distances between each data point
and the existing centraids

Generate a new cluster and update centrold with
Py current data point

Move 1o the aest o Mt
Move t@ same e P e
o 7 Comverge

Figure 3. Flowchart of (a) K-Means and
(b) DP-Means Algorithms

4.4. Implementation on Apache Spark

The proposed system wused distributed
computing capabilities of Apache Spark by
setting up an environment and processing
large amounts of data. Then, using Spark's
MLIib library or other similar libraries, this
system distributes the dataset among Spark's
cluster nodes and uses the K-Means and DP-
Means clustering algorithms in order to
parallelize the calculation and maximize
performance.

4.5. Model Training and Evaluation

The K-Means and DP-Means clustering
models are then trained using the preprocessed
dataset, with method settings (such the number
of clusters and convergence criteria) adjusted
as needed. This system uses appropriate
metrics such as silhouette score, Davies-
Bouldin index, or within-cluster sum of
squares (WSS) to assess the quality of the
generated clusters and evaluates the trained
models by comparing the performance of K-
Means and DP-Means in terms of clustering
accuracy, scalability, and robustness to various
data distributions. Figure 5 compares the
execution times (ms) of two clustering
techniques.

The performance of clusters in K-Means and
DP-Means clustering can be evaluated using
several metrics. These metrics generally assess
how well the clustering algorithm has grouped
similar data points together and how well-
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separated the clusters are. Inertia (Within-
Cluster Sum of Squares - WCSS) measures
how well the clusters have been formed based
on the sum of squared distances of samples to
their closest cluster centre. Lower inertia
implies better clustering, but you need to
balance it with the number of clusters.

Table 2. Cluster Validation Scores

Cluster Validation Score in K- Cluster Validation Score in
Means DP-Means
Silhouette Score:1.0 Silhouette Score:
Calinski-Harabasz Index:1.0 | 0.9963321725628299
Davies-Bouldin Index:0.0 Calinski-Harabasz Index:
1004642.5300620429
Davies-Bouldin Index:
0.006481393982631485
Clusters of customers
100 r o
ce L )
80 w Qo 3 ~%. -
S © o @
< ¢
. 2
2 & n

& . c o '
2 B¢

Annual Income (k$)

Figure 4. Customer Clusters Based on Annual
Income and Spending Score

Execution Time (ms) Comparison
4000
3500
3000
2500
2000
1500
1000

HEm =
7 Attributes 4 Attributes 2 Attributes
m K-Means DP-Means
Figure 5. Execution Time Comparison of Two
Clustering Algorithms

5. CONCLUSION

This research proposed a novel approach to
cluster online food orders using K-Means and
DP-Means algorithms from the Apache Spark
framework. Leveraging the scalability and
parallelism of Spark's distributed computing
environment, we conducted a thorough
analysis of several clustering algorithms,
evaluating their effectiveness, scalability, and
practicality for the online food industry. The
results of the experiment demonstrated that
both the K-Means and DP-Means algorithms
could effectively identify significant clusters
from the online meal order dataset.
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ABSTRACT

Myanmar is a rich cultural heritage spanning
thousands of years. Because of this rich and
diverse cultural heritage, it can boost the country's
economic assets. The proposed system applies the
strength of an ontology of semantic-based level for
knowledge management. The system constructs a
robust and effective ontology that accurately
represents the knowledge about the Cultural
Heritage in Myanmar, Bagan pagoda. The
implementation can greatly enhance cultural
knowledge. By providing a structured framework
that enables more effective management of cultural
heritage data for future generations. An ontology
can represent various pagodas in Bagan. This
enables a rich understanding of the heritage and
history of Bagan. For tourists, a semantic-based
ontology can enhance the search experience by
providing contextually relevant information based
on visitor queries about specific pagodas or themes
like “Buddhist art” or “historical events”. The
outcomes indicate not only accessibility but also
flexibility. The experimental results of the ontology
for pagodas in Bagan, Myanmar, is functional and
user-friendly and a valuable resource for
knowledge discovery and community engagement.

KEYWORDS

Semantic, Ontology, Knowledge management

1. INTRODUCTION

There are some key elements of
Myanmar's cultural heritage such as Buddhist
influence, Traditional art, and crafts,
Traditional ~ Festivals, Ethics  diversity,
Traditional dress, Traditional dance and music
and Traditional cuisine. Among them the
proposed system mainly impacts on Buddhist
influence sector. The system is applied in the
Bagan Archaeological Zone where Bagan is
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an ancient cited which was located in the
Mandalay Region, Myanmar. It has over
10,000 Buddhist temples, pagodas, and
monasteries in Southeast Asia. That reveals
that Myanmar is a rich cultural heritage.

The objective of the proposed system
is to manage digitization of cultural heritage
applying ontology. The use of technology to
counteract the issue of manual documents. The
system uses of digital technologies to digitize
and preserve cultural documents, and other
forms of knowledge. This allows for easier
access and dissemination of cultural heritage
information to a wider audience. In an
increasingly complex digital world, the need
for digitization is required —than traditional
one. Domain ontology emerges as a powerful
tool to address this challenge by providing a
formal representation of knowledge specific to
a particular domain. It organizes concepts and
their relationships within that domain,
facilitating consistent understanding, data
sharing, and interoperability among various
systems

A knowledge base is a centralized
repository of information, data, and resources
that is accessible to users for reference,
learning, and problem-solving. It is a valuable
tool for organizations and businesses to store
and share information with employees,
customers, and etc.

2. METHODOLOGY

The domain ontology serves as a
foundational building block for knowledge
management and  digital  applications.
Ontological Engineering is still a relatively
immature discipline; each work group employs
its own methodology. [1]. In the work made
by the PROTEGE group, a method ontology is
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intended to be part of the ontology library
besides the domain ontology, and the link with
the application ontology is handled by explicit
mapping rules acting as “mediators”; in the
KADS group this link is handled by an
indexing mechanism. [2]. This paper presents
the study on phase three which involved the
development and evaluation of the pagoda
metadata schema, resulting in a metadata
schema which comprised of 14 main data
elements and 68 data elements in total. The
schema will serve as a vital tool for preserving
and documenting Myanmar's pagoda heritage,
and foster collaboration among libraries,
museums, and cultural institutions, both
nationally and internationally [4]. It aims to
analyze  information  related to the
development of pagoda metadata standards for
libraries in Myanmar. It is part of a broader
effort to develop metadata standards for
pagoda information in the future. The author
point is to know the general notion of cultural
heritage and to be aware the importance to
protect the cultural properties and lastly to
analyse the legal protection and preservation
of cultural heritage in Myanmar [5].

The paper [ 6] proposed the concept
weight for text clustering with domain
ontology. These use mathematical concept for
the system strength. This paper [7] investigates
ontologies can also be applied to the clustering
process. The experimental results used
dissertations papers from Google Search Engine
and the proposed method demonstrated its
effectiveness and practical value. A domain
ontology captures the essential vocabulary and
rules that govern a specific area of interest—
be it healthcare, finance, education, cultural
heritage, or any other field. Domain ontologies
enable more effective data management and
knowledge representation by defining precise
concepts, properties, and relationships. They

form the backbone of semantic web
technologies, artificial intelligence
applications, and advanced information
retrieval systems, thereby enhancing the
ability to process and analyse information. By
following these steps in  knowledge
management for cultural heritage,

organizations and communities can effectively
preserve, protect, and promote their cultural
heritage for future generations. In the content
of the proposed knowledge base, the system
only deals with tangible cultural heritage.

15

3. PROPOSED SYSTEM

The proposed system uses the following
steps for the ontology construction creation
process. This system use OWL ontology that
is a foundational framework that can be built
upon as needed to encompass more detailed
aspects of the Bagan pagodas and related
entities, providing a useful knowledge
representation for research, tourism, and
cultural heritage initiatives.

‘ Define Scope and Purpose ‘

‘ Gather and Analyze and Requirements ‘

‘ Identify Key Concepts and Relationships ‘

‘ Define Classes and Hierarchies ‘

‘ Define Properties and Attributes ‘

| Define Relationships and Create Instances |

| Ensure Consistency and Correctness ‘

Iterate, Documentation and Maintenance
Refine

Figurel: Proposed Ontology Construction
Process

The scope the system is only Bagan in
Myanmar. The data is collected from Google.
The following is the flow diagram
representing the key stages. The data is
collected as text after that removing the
duplicate data and normalization is applied.
For example, ensuring that the same cultural
site is referred to consistently (e.g., “Bupaya
Pagoda” vs. “Bupaya”). The Proposed
Ontology Construction Process is for pagoda
the  system used Anada  Temple,
Dhammayangyi Temple and Thatbyunyu
pagoda. For properties the system use Name:
Anada, Location: Bagan Archaeological Zone,
Built Year : 1105 AD and etc. The Class of
ontology in the domain is Pagoda. Subclass of

Pagoda class is Ananda, Dhammyangyi,
Thatbinnyu.
For example

June, 2024



A
ﬁ Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

Classes:

o Pagoda
O  Architect
O  Cultural Practice

e  Relationships:
O builtBy: (Pagoda — Architect)
O  associatedWith: (Pagoda — Cultural
Practice)

Figure2: General composition of Bagan
Cultural Heritage Site and its location in
Myanmar.

3.1. Ontology deployment for Proposed
System

The proposed system used Protégé editors
for the construction process. The proposed
system used the construction specification
method. These specifications ensure that the
project meets the desired quality and
performance criteria. Ontology construction is
the process of creating a formal representation
of knowledge within a particular domain.

The proposed system use the tool because it
is user friendly and it support many various
ontology languages, including OWL (Web
Ontology Language) and RDF .The system use
Protégé tool [6] using formal ontology
languages such as OWL (Web Ontology
Language). This tool is Protégé is a free,
open-source ontology editor and framework
for building intelligent systems. It is widely
used for creating, visualizing, and managing
ontologies in various domains, including
biomedical, social sciences, and cloud
computing. The OWL formally defines and
represents the ontology. These allow for
machine-reliable formats that can be used in
various applications.
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Figure 3: Bagan (UNESCO World Heritage
Site in Myanmar)

3.2. Ontology Structure for Pagodas in
Bagan, Myanmar

Firstly, the proposed ontology is named
as BaganPagodaOntology. The top level class
can be Pagoda, HistoricalPeriod, Location.
For pagoda class there will be a description
that represents various pagodas found in
Bagan. The Object Properties define the
relationships between classes, such as where a
pagoda is located. An Instance of a pagoda
(Ananda Temple) is provided with relevant
properties and values. The following Figure
shows the class of proposed ontology.

fiprefix : <http://example.org/bagan-pagoda-ontology> .
fprefix owl: <http://wmi.w3.org/2002/07/oulés

@prefix rdf: <http://wm.u3.org/1999/82/22-rdf-syntax-ns#>
@prefix rdfs: <http://wi.u3.org/2080/81/rdf-schenat>
fprefix xsd: <http://wi.u3.0rg/2081/XMLSchema#>

<http: //exanple. org/bagan-pagoda-ontology>
a oul:Ontology .

4% (lasses
:Pagoda & owl:Class .
Figure 4: Turtle Format OWL class in
Ontology

:AnandzTesple 2 :Pagodz ;
“hashane “lnandz Teple”
“hasDatetstablished “1165-81-01"""xsd:date ;
-hashedght *51""*xsd:decinal ;
shaslescription "4 proninent tesple known for its impressive architecture and seated f
:islocateddt [ a :Location ; :heslatitude 211603 ; :haslongitude 9.8583 | ;
shashrchitecturalStyle :BurnenStyle ;
:isSignificantfor :Budchisn ;
:belongsToktistoricelPeriod :Paganlynasty ;

“has(ulturalFesture Festivals

Figure 5: Instance of the proposed system in
Ontology
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¥ = hasObctEqaait class )

v == hasObjectiEquialent class soms)

Figure 6: Proposed Ontology between domain
concepts

4. CONCLUSION

In conclusion, the proposed system
uses semantic platforms that are scalable and
adaptable to the local context. To the future,
the Bagan pagoda ontology can serve as a
living document that evolves with ongoing
research, discoveries, and digital initiatives.
The development and evaluation of advanced
ontology-based techniques for  cultural
heritage in Myanmar represent interesting and
essential future research directions. The
system could expand to include related
cultural heritage elements such as local arts,
crafts, to provide more holistic understanding
of Bagan Region. By integrating technological
solutions with community participation,
Myanmar can enhance its ability to safeguard
its rich cultural legacy while providing
opportunities for education, tourism, and
sustainable development. Another direction is
to link this work to ontology mapping
methods.
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ABSTRACT

In order to translate natural languages using
computers, machine translation, is a significant
area of study within natural language
processing. End-to-end  Neural Machine
Translation (NMT) has become the new standard
approach in real-world machine translation
systems after seeing tremendous success in
recent years.! This study investigates the use of
NMT wusing an attention model designed
especially for translating between English and
Myanmar.? In this paper, an encoder-decoder
architecture utilizing Long Short-Term Memory
(LSTM) is presented. The encoder analyzes an
input text from Myanmar and produces a number
of hidden representations. The translated
English output is then produced by the decoder
using these representations and paying attention
to pertinent portions of the original phrase. The
quality of the translation is greatly enhanced by
attention, which enables the decoder to
concentrate more on pertinent words in the input,
particularly in lengthy and syntactically
complicated sentences.’

KEYWORDS
Neural ~Machine  Translation, Attention
Mechanism, Myanmar Language, English

Language, Deep Learning, LSTM

1. INTRODUCTION

The crucial task of machine translation (MT)
seeks to use computers to translate sentences

in natural language. Early machine
translation techniques mostly rely on
linguistic expertise and manually created
translation rules. Given the intrinsic

complexity of natural languages, it is
challenging to cover every linguistic quirk
with manual translation standards. By
providing notable advancements over
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conventional statistical machine translation
systems, NMT has completely transformed
the language translation industry. Large-
scale parallel corpora have made data-driven
methods—which extract linguistic
information from data—more and more
popular. Statistical Machine Translation
(SMT) acquires latent structures, including
word alignments or phrases, directly from
parallel corpora, in contrast to rule-based
machine translation. Long-distance word
dependencies cannot be modeled by SMT,
and the translation quality is far from ideal.
Neural Machine Translation (NMT) has
become a new paradigm and has fast
supplanted SMT as the accepted method of
machine translation (MT) with the
development of deep learning.®

Text can be translated from one source
language into another target language using
machine translation (MT), often known as
automated translation. The state-of-the-art
technique in machine translation (MT) is
now neural machine translation (NMT).
Unlike traditional rule-based or statistical
methods, it has made tremendous progress
because of its ability to learn to translate
based on massive amounts of bilingual data.
By allowing the model to focus on the
portions of the source sentence that are most
pertinent to each word in the target sentence,
the addition of attention mechanisms has
significantly improved translation accuracy
and fluency. The Attention mechanism,
which enables the model to concentrate on
pertinent portions of the input sentence when
producing each word of the output sentence,
is one of the main innovations of NMT. An
encoder-decoder architecture with attention
mechanisms, trained using maximum
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likelihood estimation (MLE), is a feature of
the NMT system.”

The foundation of NMT is the idea of deep
learning, which involves processing
incoming data through a multi-layered
neural network. In order to train the network
to predict the likelihood of a series of words
in the target language given a sequence of
words in the source language, translation
necessitates exposing it to a sizable corpus

of bilingual text. An encoder-decoder
framework is commonly used in the
architecture of NMT systems. After

processing the input sentence, the encoder
compresses the data into a context vector
that symbolizes the sentence's semantic
meaning. The translated sentence in the
target language is then produced by the
decoder using this vector.® The system learns
to map input sequences to output sequences
directly without the need for intermediary
stages or manually created rules because the
entire process is end-to-end.

In this system, LSTM model is served as an
encoder-decoder  framework and the
Attention mechanism is designed to predict
the alignment of a target word with respect
to source words. The system focuses on
developing an attention-based NMT model
for translating between Myanmar and
English, languages with distinct syntactic
and lexical characteristics. The attention-
based NMT model for Myanmar-English
translation demonstrated high accuracy and
fluency.

2. RELATED WORK

Compared to conventional statistical
machine translation (SMT) techniques,
neural machine translation has drastically

improved translation quality,
revolutionizing the area of machine
translation. The  sequence-to-sequence

(Seg2Seq) learning model was presented by
Sutskever et al. (2014). It converts input
sequences into output sequences using an
encoder-decoder architecture. This
paradigm served as a foundation for other
NMT innovations.
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The attention method was proposed by
Bahdanau et al. (2014) and enables the
model to generate each word in the output
sequence by focusing on distinct parts of the
input sequence. This method improves
translation quality, particularly for longer
sentences, by reducing the bottleneck issue
associated with encoding lengthy sentences
into fixed-size vectors. The success of the
attention mechanism prompted the creation
of a number of attention-based models, such
as Vaswani et al. (2017)'s Transformer
model, which exclusively uses attention
processes and has raised the bar in NMT.

While high-resource languages have been
the main focus of NMT research, low-
resource languages, such as Myanmar, are
beginning to attract interest. In their
discussion of the difficulties and approaches
to NMT in low-resource situations, Koehn
and Knowles (2017) emphasized the value
of transfer learning, data augmentation, and
the use of multilingual corpora.

There is a dearth of research devoted to
translating words from Myanmar into
English. In their 2019 study, Aung et al.
investigated a phrase-based SMT system for
translating words from Myanmar into
English. They found some progress, but
acknowledged that neural techniques could
yield better results. Using a rudimentary
Seq2Seq model with LSTMs, Khin et al.
(2020) constructed a preliminary NMT
system for translating words from Myanmar
to English. The findings were encouraging,
but they also made clear the need for more
sophisticated methods, such as attention
mechanisms.

Bojar et al.'s (2020) recent work examined
multilingual NMT maodels that incorporate
Myanmar and use shared representations to
enhance low-resource language translation
quality. By pretraining models on high-
resource languages and fine-tuning on low-
resource language pairings, Conneau et al.
(2020) investigated cross-lingual transfer
learning and showed notable gains in low-
resource language translation. The BLEU
score, a commonly used statistic for
assessing the caliber of machine-generated
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translations, was first presented by Papineni
et al. in 2002.

3. METHODOLOGY

Neural Machine Translation (NMT)
represents a significant advancement in the
field of machine translation, leveraging the
power of deep learning to translate text from
one language to another. Unlike traditional
statistical machine translation (SMT)
methods, which rely on phrase-based
translation models and extensive feature
engineering, NMT employs neural networks
to model the entire translation process end-
to-end.?

One of the foundational architectures in
NMT is the use of Long Short-Term
Memory (LSTM) networks. LSTMs are a
type of recurrent neural network (RNN)
designed to handle the vanishing gradient
problem, making them particularly effective
for tasks involving long-range
dependencies, such as language translation.

LSTMs were introduced by Hochreiter and
Schmidhuber in 1997 to address the
limitations of traditional RNNs. They
incorporate memory cells that can maintain
information over long periods, enabling
them to capture dependencies in sequential
data effectively. Each LSTM cell contains
three gates: the input gate, the forget gate,
and the output gate, which regulate the flow
of information and the updates to the cell
state.*

3.1 NMT Architecture with LSTM

The core architecture of NMT using
LSTMs typically follows the sequence-to-
sequence (Seg2Seq) model, comprising two
main components: an encoder and a decoder.
1. Encoder: The encoder reads the input

sentence (source language) and converts
it into a fixed-size context vector. It
consists of an embedding layer followed
by one or more LSTM layers. The final
hidden states of the LSTM are used to
summarize the input sentence.

2. Decoder: The decoder generates the
output sentence (target language) using
the context vector from the encoder. It
also consists of an embedding layer and
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one or more LSTM layers. The initial
states of the decoder LSTM are set to the
final states of the encoder LSTM. At
each time step, the decoder predicts the
next word in the target sequence.

3. Attention Mechanism: To improve the

translation  quality, an attention
mechanism can be integrated into the
Seq2Seq  model. The  attention

mechanism allows the decoder to focus
on different parts of the input sentence at
each time step, rather than relying on a
single context vector. This s
particularly useful for handling long
sentences and capturing complex

dependencies.

Encoder

Figure 1. Attention based NMT
3.2 Dataset

The dataset that ALT corpus, which consists
of twenty thousand Myanmar-English
parallel phrases from Wikinews, is a
component of the Asian Language Treebank
(ALT) project (Riza et al., 2016). The NLP
Lab, University of Computer Studies,
Yangon (UCSY), Myanmar, is building the
UCSY corpus (Yi Mon Shwe Sin and Khin
Mar Soe, 2018). The corpus comprises two
hundred thousand parallel sentences in
Myanmar and English that were gathered
from various sources, such as textbooks and
news articles. Because the ALT corpus is so
tiny, a bigger out-of-domain corpus—also
referred to as the UCSY corpus—for the
same language pair is offered. The training
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data consists of about 220,000 lines of
sentences and phrases from the UCSY
corpus and a subset of the ALT corpus. The
ALT corpus is the source of the development
and test data. As a result, a combination of
domain data gathered from various sources
serves as the training set for translation jobs
between English and Myanmar and
Myanmar and English.* Data statistics
utilized in the trials are displayed in Tabel 1.

Table 1: Statistics of Dataset

# of # of
_IE_)ati Se:tgace Myanmar | English
yp Syllables Words

TRAIN
(UCSY) 238,014 | 6,285,996 | 3,357,260
TRAIN
(ALT) 18,088 1,038,640 | 413,000
DEV 1,000 57,709 27,318
TEST 1,018 58,895 27,929

4. EXPERIMENTAL SETUP

Attention-based neural machine translation
(NMT) using Long Short-Term Memory
(LSTM) networks is a popular architecture
in the field of deep learning for translating
text from Myanamar language to English.
Below is a step-by-step process for the
implementation of the system:

4.1 Data Preparation

= Collect Data: Obtain a parallel corpus of
source and target language sentence
pairs.

= Preprocess Data: Tokenize, clean, and
normalize the text. Convert words to
lowercase, remove punctuation, and
handle special characters.

= Create Vocabulary: Build a vocabulary
for both source and target languages.
Each word is assigned a unique integer
index.

= Convert Text to Sequences: Map each
word in the sentences to its
corresponding  index  from  the
vocabulary.
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4.2 NMT with Attention Model

The system is based on NMT with attention
model, which links blocks of Long Short-
Term Memory (LSTM) in an RNN. It
trained the word-based NMT using
OpenNMT, an opensource project. Create
embedding layers for both source and target
languages. These layers convert word
indices into dense vectors of fixed size.
Training times vary depending on parameter
settings. Table 2 lists the network hyper-
parameter settings for NMT models.

Tabel 2: Hyper-parameter of NMT Models

Hyper-parameter NMT models
src vocab size 25,087

tgt vocab size 50,004
Embedding Dim 256

LSTM Units 512

Encoder layer 2

Decoder layer 2

Learning rate 0.01

Dropout rate 0.3
Mini-batch size 64

Optimizer adam

Loss Function z[r)g:gnct?gepg;rical

Use an LSTM to process the source
sentence. The encoder LSTM processes the
input sequence and outputs a sequence of
hidden states. Input the source sentence to
the embedding layer to obtain embedded
representations. Pass the embeddings
through the LSTM to get hidden states for
each time step.

Add an attention layer that helps the decoder
focus on relevant parts of the source
sentence. The attention  mechanism
computes a context vector as a weighted sum
of the encoder's hidden states. Compute the
attention weights for each hidden state of the
encoder. Multiply the attention weights by
the encoder's hidden states to get the context
vector.

The visualization showing the attention
weights for each word in the input sentence
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as the model generates each word in the
output sentence. Visualization of the
attention mechanism can improve the
performance of the system. For example, the
input sentence “obcx0l 03§G\19§GP‘50

ge‘?eporoe the
visualization is:

= When generating the word "Hello," the
model pays attention to "e6coo0l" in the

C N O ’9
G@’)CgC\)C\aﬂ_C\J’)SII .

input sentence.

= For the phrase "Can you change," the
model focuses on the corresponding part
n [N 2] o C Nn:

QD(;SLG?ST)(J:D 36?6?0? G@’)CSC\) in the

input sentence.

= The word "place" in the output is aligned
with "esep" in the input.

= The phrase "to your place" corresponds
to "ooCqesepen” in the input sentence.

Use another LSTM to generate the target
sentence. The decoder LSTM takes the
context vector and the previous target word
(during training) or the predicted word
(during inference) as inputs to predict the
next word in the sequence. Input the
previous target word to the embedding layer
to obtain its embedded representation.
Combine the context vector and the
embedded previous target word and pass
them through the decoder LSTM to generate
the next hidden state. Use the hidden state to
predict the next word in the target sequence.

Define the model that takes source and target
sentences as input and outputs the predicted
target sentences. The model was compiled
using the Adam optimizer with a learning
rate of 0.001. Sparse categorical cross-
entropy was used as the loss function,
appropriate for multi-class classification
problems like NMT. The model was trained
for 50 epochs with a batch size of 64. The
training set consisted of 80% of the collected
data, with 10% used for validation and 10%
for testing.

During inference, use the encoder to process
the input sentence and obtain the encoder's
hidden states. Use the initial decoder states
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(from the encoder) and start with the start
token. For each time step, use the decoder to
generate the next word, update the decoder
states, and use the predicted word as the
input for the next time step. After the
training processes, combine the translated
words to form the final translated sentence
and remove the start and end tokens from the
translated sentence.

The encoder-decoder architecture with
attention is a key component of neural
machine translation (NMT) models,
especially for translating between Myanmar
and English. Here's an explanation of how it
works, using an example translation. For
example: Myanmar sentence: "soqpEsamsqps

22Ea§:00030€(ng00p5n" Engllish translation:
"The students enter the classroom."

The encoder processes the source sentence,
and the decoder generates the translated
target sentence. The attention mechanism
allows the decoder to focus on different parts
of the source sentence when translating.

1. Encoder Stage:

The encoder processes the input Myanmar
sentence and creates a representation of it.
This representation is then passed to the
decoder.

Step 1: The input sentence is tokenized.
Tokenized sentence:
["chpcc:soao:eﬂ')z", "mooéa%z", ",
These tokens represent words
"students,”  "classroom,”  and
meaningful parts of the sentence.

like
other

Step 2: Each token is converted into an
embedding vector. These embeddings are
fed into the encoder, which is typically an
LSTM (long short-term memory) or GRU
(gated recurrent unit).

Step 3: The encoder processes each word
step-by-step, updating its internal hidden
state to capture the meaning of the
sentence. It outputs a sequence of hidden
states:

Hidden states: [h1, h2, h3, h4, h5, h6, h7]
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hi: "ecqpégoao:eﬂ')z" (students)

¢

h2: "eo0css:" (Classroom)
h3: "oo" (into)

h4: 53" (to)

h5: "o&" (enter)

h6: “(o3" (plural marker)
h7: "o0pS" (auxiliary verb)

Each hidden state captures not only the
meaning of the current word but also the
context of the previous words in the
sentence.

2. Decoder Stage with Attention

The decoder generates the English
translation, one word at a time, using the
encoded representation and the attention
mechanism.

Step 1: The decoder begins with a start token
<start> and uses the final hidden state of
the encoder as an initial context. For each
word in the target sentence, the decoder uses
the attention mechanism to focus on
different parts of the Myanmar sentence. At
each decoding step, the attention mechanism
looks at all the hidden states from the
encoder. It computes an alignment score to
determine which parts of the Myanmar
sentence are most relevant to generating the
next word in English. For example, when
translating ~ "students,” the attention
mechanism will focus on hl (the hidden
state corresponding to "enﬂoézm:eﬂoz").

Step 2: The decoder predicts the next word
in the English sentence based on the
attention-weighted hidden states and the
previous decoder state.

e First word: It predicts "The students"
based on hl (because "eogpEsomigp:”

means "students").

e Second word: Next, the decoder
attends to h2 (which corresponds to
"era0Cass” OF "classroom™) and predicts

"enter."
e Third word: The decoder attends to h3
and h4 to predict the word "the."
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e Fourth word: Finally, it focuses on nhs
("o&" or enter") to predict

"classroom."

Step 3: The decoder continues this process
until it generates the entire English sentence:
"The students enter the classroom."

4.3 Experiment Result

The performance of the attention-based
neural machine translation (NMT) model for
translating between Myanmar and English
was evaluated by BLEU scores. It measures
the similarity between the machine-
generated  translation and  reference
translations. The Steps in BLEU Score
Calculation:

1. N-Gram Precision: BLEU uses n-grams
(contiguous sequences of words) to
compare the candidate translation to the
reference translations. The precision is
calculated for different n-gram sizes
(unigram, bigram, trigram, etc.), up to a
specified maximum n-gram length. For
example, for a unigram (n=1), it checks
how many individual words in the
candidate match any word in the
references.

2. Clipping: BLEU applies a "clipping"
mechanism to handle cases where the
candidate translation overuses words that
appear in the reference translation. The
candidate’s count of each n-gram is
clipped by the maximum number of times
that n-gram appears in the reference.

3. Brevity Penalty: A brevity penalty (BP) is
applied to discourage overly short
translations. If the candidate translation is
shorter than the reference, a penalty
reduces the final score. If the candidate
length is equal to or longer than the
reference length, the penalty is 1. The
Formula of Brevity Penalty is as follow:

Lifc>r
BP =
{e(l_g),if c<r
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where:

e C is the length of the candidate
translation.

e 1 is the effective reference length
(typically the length of the closest
reference to the candidate).

4. Final BLEU Score: The final score is a
geometric mean of the precision scores for
all n-grams, multiplied by the brevity
penalty. Mathematically, it’s expressed as:

N
BLEU = BP.exp (z Wnlogpn>

n=1

where:

o BP is the brevity penalty.

e W, is the weight for each n-gram
precision (commonly equal for all n-
grams).

e pn is the precision for n-grams of size n.

¢ N is the maximum n-gram size.

The BLEU scores for the model on the test
set are presented in Table 3. In this system,
80% of the collected parallel Myanmar-
English sentences is trained, 10% of the data
used as validation set and 10% of the data
used for final evaluation.

Tabel 3: Performance of the System

Language Pair BLEU Scores

Myanmar to English 35.7

English to Myanmar 32.5

The performance evaluation of an attention-
based Neural Machine Translation (NMT)
model between Myanmar and English. The
system used metrics such as BLEU scores,
training loss, and validation loss over time.
The Training Loss is a loss function value
during training. The Validation Loss is a loss
function value on the validation set, used to
check how well the model generalizes.

The qualitative analysis revealed that the
model performs well in generating fluent
and contextually appropriate translations.
However, there are some limitations these
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are: Handling of Rare Words, the model
sometimes struggles with rare or out-of-
vocabulary words, leading to inaccuracies
and Long Sentences, while the attention
mechanism helps with long sentences, the
model occasionally misses nuances in very
lengthy or complex sentences.

Training vs Validation Loss

—&— Training Loss
—e— Validation Loss

Epochs

Figure 2. Training Vs Validation Loss

[
BLEU Score over Epochs

40.0
—&— BLEU Score

37.51

35.0

w w
e ™~
o wn

BLEU Score

~
N
n

25.04

22,54

20.0

T T T T T
2 4 6 8 10
Epochs

Figure 3. BLEU Score over Epochs

5. CONCLUSIONS

NMT using LSTM has proven to be a
powerful approach for language translation,
offering significant improvements over
traditional methods. The integration of
attention mechanisms further enhances the
model's ability to handle long sentences and
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complex linguistic structures. This paper
presents an attention-based NMT model for
Myanmar-English translation, leveraging
the strengths of LSTMs and attention
mechanisms to achieve high-quality
translations.

The system presented an effective attention-
based NMT system for Myanmar-English
translation, achieving competitive
performance and demonstrating the potential
of attention mechanisms in handling diverse
language pairs. It demonstrated high
accuracy and fluency. The attention
mechanism's ability to focus on relevant
parts of the input sequence proved crucial in
handling the linguistic differences between
Myanmar and English.

The experimental results demonstrate that
the attention-based NMT model performs
effectively in translating between Myanmar
and English, achieving reasonable BLEU
scores and producing fluent translations. The
attention mechanism significantly
contributes to handling long sentences and

capturing  dependencies, leading to
improved translation quality. Further
improvements could be achieved by

expanding the training dataset and fine-
tuning the model architecture.
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ABSTRACT

In order for, human to human interaction to be
more smoothly communicated, emotions are
important. Enhancing human-computer
interaction (HCI) is another benefit of employing
emotion recognition systems. Recent years have
seen a rise in the need for improved human-
computer interfaces, leading to the development
of facial expression recognition (FER) systems.
Computer-based technologies known as facial
expression recognition systems can recognize
faces, interpret facial expressions, and identify
emotional states [3]. In this system, human faces
expression is recognized by using Deep Learning
models called Convolutional Neural Networks
(CNNSs). The system emphasizes the use of CNNs
for feature extraction due to their ability to
capture spatial hierarchies in facial images. It
also examined the role of data augmentation and
transfer  learning in  enhancing model
performance, particularly in scenarios with
limited training data [5]. After extensive testing
and analysis on standard FER datasets
AffectNet, RAF-DB result of the system
demonstrate  significant improvements in
recognition accuracy and robustness.

KEYWORDS

Human-Computer Interaction, Deep Learning,
Facial Expression Recognition, Convolutional
Neural Networks

1. INTRODUCTION

In the field of human-computer interaction,
facial expression recognition (FER) is
essential because it allows computers to
recognize and react to human emotions.
Accurate facial expression recognition is
necessary for many applications, such as
vehicle safety systems, security surveillance,
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healthcare diagnostics, and virtual reality
environment user experience enhancement.

[2]

FER systems historically depended on
manually created features and traditional
machine learning techniques, which
frequently had trouble generalizing well
across a variety of datasets and real-world
situations. These techniques produced less
than ideal results since they were sensitive to
changes in individual facial structures,
occlusions, and illumination. Convolutional
neural networks (CNNs), in particular, have
transformed the field of deep learning by
providing strong tools for  robust
categorization and automatic feature
extraction. [8]

CNNs' capacity to extract hierarchical
features from unprocessed pixel data has
allowed them to achieve impressive results
in image identification challenges. Multiple
convolutional filter layers enable CNNs to
capture the complex patterns and spatial
hierarchies present in facial expressions.
CNNs are especially well-suited for facial
expression recognition (FER), where it is
necessary to precisely identify and interpret
small changes in facial muscles.[10]

The use and assessment of a CNN-based
model for recognizing human facial
expressions are the main topics of this
research. The goal of the system is to
investigate how well various CNN designs,
data augmentation methods, and training
approaches work together to produce high
recognition accuracy. Utilizing popular FER
datasets as AffectNet and RAF-DB, Finally,
the system compares the performance of the
model to current state-of-the-art techniques.
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The system begins by providing an overview
of related work in the field of FER,
highlighting the transition from traditional
approaches to deep learning-based methods.
Next, we delve into the specifics of CNN
architecture, including convolutional layers,
pooling layers, and activation functions,
explaining their roles in feature extraction
and classification. The subsequent sections
detail our experimental setup, including data
preprocessing, model training, and
evaluation metrics.

Through rigorous experimentation and
analysis, we demonstrate the superiority of
CNN-based models in recognizing facial
expressions under various conditions. The
results underscore the importance of deep
learning in advancing the accuracy and
robustness of FER systems. By harnessing
the power of CNNs, this study aims to
contribute to the development of more
intuitive and responsive human-computer
interaction systems, ultimately bridging the
gap between human emotions and machine
understanding.

2. RELATED WORK

For many years, researchers have been
actively working in the field of facial
expression recognition (FER), and the
development of deep learning and machine
learning approaches has led to notable
progress in this field. Traditional machine
learning techniques and handmade features
were the mainstays of early FER
approaches. Nevertheless, these techniques
frequently suffered from changes in
position, lighting, and occlusions, which
reduced their accuracy and robustness. The
advent of deep learning, particularly
Convolutional Neural Networks (CNNs),
has significantly transformed the landscape
of FER. Numerous studies have shown that
CNNs outperform conventional techniques
in FER tasks.

Because deep learning models, in particular
CNNs, automatically learn hierarchical
features from raw data, they have shown
improved performance in a variety of
computer vision applications. The AlexNet
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architecture was first presented in a seminal
paper by Krizhevsky et al. [5], and it
demonstrated remarkable performance on
the FER-2013 dataset. CNNs have been
proven to be an effective technique for FER
by this success.

Several CNN architectures  were
investigated in later studies to improve FER
performance. In FER tests, the VGGNet
architecture [6], renowned for its intricate
yet straightforward sequential convolutional
layer design, demonstrated increased
accuracy. The vanishing gradient problem
was addressed by He et al. with the
introduction of ResNet [7], which used
residual learning to enable the training of far
deeper networks. This invention greatly
increased the FER models' robustness and
accuracy.

Szegedy et al. proposed inception networks
[8], which  significantly  improved
recognition performance by capturing a
variety of facial traits by utilizing multi-
scale  processing capabilities.  These
sophisticated CNN architectures served as a
strong basis for the creation of more
complex FER models.

Hybrid models that combine CNNs with
Recurrent Neural Networks (RNNs) have
been developed to capture temporal and
spatial information. These models employ
RNNSs, such as Long Short-Term Memory
(LSTM) networks, for temporal sequence
modeling and CNNs for the extraction of
spatial features. The efficacy of this method
in video-based FER, where temporal context
is essential for precise expression
identification, was shown in a study by Fan
etal. [9].

Data augmentation approaches have been
widely employed to expand the diversity and
amount of training data due to the limited
availability of labeled FER datasets. To
provide training examples that are more
diverse, techniques like rotation, scaling,
and flipping have been used [10]. Enhancing
FER performance has also been made
possible via transfer learning, which is
honing pre-trained CNNs using sizable
datasets like ImageNet. The efficiency of
transfer learning in raising the accuracy of
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FER models trained on fewer datasets was
shown in a study by Ding et al. [11].

3. SYSTEM ARCHITECTURE

The system architecture for human facial
expression  recognition using  CNNs
typically involves several components, each
designed to handle specific tasks from data
preprocessing to final result. Here's an
overview of the system architecture:

Facial
Image

Preprocessing
&

EE— .
Augmentation

A

Model Training
&
Validation

Model Evaluation
&
Cross-Validation

Figure 1. Overview of the System
Architecture

3.1 Dataset

456,349 photos of various facial expressions
are included in the AffectNet database.
These photographs were gathered from
Yahoo, Bing, and Google and are available
in six different languages. Eleven emotions
were assigned labels to the images: none,
uncertain, nonface, disgust, rage, surprise,
fear, happiness, sadness, and nonface.
Among these feelings, "nonface" denotes
that an image has watermarks, animated
graphics, exaggerated facial expressions, or
drawings; "uncertain” denotes that an image
cannot be placed in any of the other
categories.

Annotators were employed by
Mollahosseini et al. (2015) to manually
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classify the emotions defined in AffectNet.
Furthermore, there is a significant imbalance
in AffectNet's image count for each emotion
category. For instance, there are about thirty
times as many photos of people smiling as
there are of people disgusted. The number of
images for each category is shown in Tablel.
In this paper, the system uses seven
categories, surprise, fear, disgust, anger,
sadness, happiness and neutrality, in
AffectNet.

The Beijing University of Posts and
Telecommunications' Pattern Recognition
and Intelligent System Laboratory (PRIS
Lab) provides the RAF-DB.
More than 300,000 face photos from the
internet make up the database, which is
divided into seven sections: surprise, fear,
disgust, rage, sadness, happiness, and
neutrality.

There are 37 automated landmark locations
and 5 precise landmark positions in each
image. A vast range of data including ages,
races, head gestures, light exposure levels,
and blocking may also be found in the RAF-
DB. Five times as many images are in the
training set as in the test set. Table 1 shows
the number of images used in the system for
each emotion from each database.

Table 1. Number of images in each

database
Number of Number of
Category images in images in

AffectNet RAF-DB
Neutrality 80,276 3,204
Happiness 146,198 5,957
Sadness 29,487 2,460
Surprise 16,288 1,619
Fear 8,191 355
Disgust 5,264 877
Anger 28,130 867
Contempt 5,135 NA
None 35,322 NA
Uncertain 13,163 NA
Nonface 88,895 NA
Total 456,349 15,339
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3.2 Preprocessing of FER

Preprocessing is a crucial step in facial
expression  recognition  (FER)  using
Convolutional Neural Networks (CNNs).
Proper preprocessing ensures that the input
data is in the optimal format for training and
evaluating the CNN model. The following
preprocessing steps are involved in
preparing facial images for FER.

1. Face Detection and Alignment

2. Image Resizing and Grey Scale

Conversion
3. Data Augmentation
4. Normalization

Firstly, Face Detection process is worked to
ensure the model focuses on the facial
region. Haar Cascades is the face detection
algorithms that is a method to detect an
object to identify in an image. After
detecting faces, alignment is performed to
normalize the facial orientation. This step
involves aligning the faces based on key
landmarks (e.g., eyes, nose, and mouth) to
ensure consistency in pose and scale. In this
paper, the Dlib library's facial landmark
detector techniques can be used for this
purpose.

Then, all detected and aligned face images
are resized to a fixed dimension to ensure
uniform input size for the CNN model,
typically 48x48 or 224x224 pixels. Resizing
ensures that the model processes images
consistently, facilitating efficient training.
Converting images to grayscale can simplify
the model and reduce computational
complexity. Grayscale images reduce the
input  dimensionality  while retaining
essential facial features.

After that, data augmentation techniques are
applied to enhance the diversity and size of
the training dataset. Augmentation helps the
model generalize better by simulating
variations that may occur in real-world
scenarios. In this system, rotation, scaling,
translation,  brightness and  contrast
adjustment and noise addition techniques are
used.

Finally, normalization is performed to scale
pixel values to a specific range, typically [0,
1] or [-1, 1]. This step ensures that the input
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data has a consistent distribution, which aids
in faster convergence during training.
Normalization can be performed using Min-
Max Normalization which work by scaling
pixel values to the [0, 1] range.

3.3CNNs Models
Validation

Convolutional Neural Networks (CNNs) are
a specialized type of artificial neural
network designed for processing structured
grid data, such as images. CNNs are
particularly effective for tasks like image
classification, object detection, and facial
expression recognition due to their ability to
automatically and adaptively learn spatial
hierarchies of features. The keys component
of CNNs model are: Convolutional Layers,
Activation Functions, Pooling Layers, Fully
Connected (Dense) Layers, Dropout Layers.

Training and

In a Convolutional Neural Network (CNN)
model for Facial Expression Recognition
(FER), the process involves a series of
operations that transform an input image
through  multiple  layers, including
convolutional layers, pooling layers, and
fully connected layers. Each layer applies a
specific mathematical operation to extract
features and ultimately classify the facial
expression.

The convolution operation is the core
operation in a CNN. It involves sliding a
filter (kernel) over the input image and
computing the dot product between the filter
and the receptive field in the input. The
activation function Rectified Linear Unit
(ReLU) is used in the system.

ReLU(x)=max(0,x) (1)

After applying the ReL U activation function
to the convolution output O:

Aij=ReLU(Oi)) 2

The pooling layer reduces the spatial
dimensions of the feature maps while
retaining the most important information.
Max pooling selects the maximum value
from each patch of the feature map. In the
fully connected layer, the input feature map
is flattened into a vector, and then a standard
neural network layer is applied. The output
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layer uses the softmax activation function to
convert the raw scores into probabilities for
each class (facial expression).

Z;

e’
Xj e% (3)

In the system, create a sequential model with
layers as described earlier. And then, train
the model using the training set and validate
it using the validation set. Validation is a
crucial step in training Convolutional Neural
Networks (CNNs) for facial expression
recognition to ensure that the model
generalizes well to unseen data. The system
used train validation test split are 70% used
to train the model, 15% used to tune
hyperparameters and make decisions about
the model architecture and 15% used to
evaluate the final performance of the model.

softmax(zi) =

4, PERFORMANCE EVALUATION

In this paper, the CNNs mdoel is used to
classify facial expression from the AffectNet
and RAF-DB image dataset that is obtained
from Kaggle.com. It is a collection of
approximately 456,349 and 15,339 images
data, partitioned evenly across 10 different
categories in AffectNet dataset and 8
different categories in RAF-DB dataset.
However, this paper will focus on 7
categories of the image dataset consisting of
the categories surprise, fear, disgust, anger,
sadness, happiness and neutrality.

The performance of the system is evaluated
by comparing the result of the image
classification with the annotations found in
the original dataset. The system performance
is evaluated by using various evaluation
metrics, (i) Precision, (ii) Recall, (iii) F1-
score. Here, the confusion matrix is used to
compute Precision, Recall and F1-score of
the system. In a confusion matrix, four
metrics can be defined: true positive (TP),
true negatives (TN), false positive (FP), false
negative (FN).

TP

Precision (P) = P 4)
Recall (R) = TPZPFN (5)
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2 * Precision * Recall ( )

F1-Score (F1) =

(Precision +Recall)

The following result show that the CNNs
model can predict the facial expressions
correctly with the accuracy of 85.4%. The
system  successfully  developed and
evaluated a CNN model for facial expression
recognition using the AffectNet and RAF-
DB dataset. The CNN architecture, trained

with rigorous data augmentation and
optimized  hyperparameters,  achieved
significant performance metrics. This

evaluation underscores the potential of
CNNs in facial expression recognition,
paving the way for enhanced emotion
detection technologies applicable to diverse
fields such as human-computer interaction
and mental health assessment.

Tabel 2. Confusion metrics of AffectNet
Dataset for Facial Expression Recognition
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Tabel 3. Confusion metrics of RAF-DB
Dataset for Facial Expression Recognition
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Tabel 4. Performance Evaluation of
AffectNet Dataset for Facial Expression

Recognition
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Neutral | 0.85 |0.83 | 0.84 | 0.86
Happy |0.90 |0.92 |0.91 |0.93
Sad 0.82 [0.80 | 0.81 |0.82
Surprise | 0.88 | 0.86 | 0.87 | 0.85
Fear 0.75 |0.78 | 0.76 | 0.76
Disgust | 0.73 |0.71 | 0.72 | 0.73
Anger 0.80 |0.77 | 0.78 |0.79
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Tabel 5. Performance Evaluation of RAF-
DB Dataset for Facial Expression

Recognition
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Neutral | 0.88 | 0.85 | 0.86 |0.85
Happy |0.93 |0.94 |093 |0.92
Sad 0.82 |0.80 | 081 |0.82
Surprise | 0.90 | 0.87 | 0.88 | 0.89
Fear 0.77 1079 {078 |0.78
Disgust | 0.74 | 0.73 | 0.73 | 0.74
Anger 0.81 |0.79 | 0.80 | 0.80

Performance Evaluation of
Facial Expression Recognition

0.84
0.82
0.8
0.78
0.76
0.74
0.72
0.7
AffectNet RAF-DB

B Precision Recall F1-score

Figure 2. Overall Performance Evaluation
of the System

5. CONCLUSIONS

The learning process of the neural network
model to recognize face emotions is
examined in this paper. CNN was used to
extract the features seen on emotion images,
and these emotional aspects were then
visualized to identify the key facial
landmarks that hold important information.
The system demonstrated that CNNs exhibit
high accuracy and robustness in identifying
faces across diverse conditions and datasets.
CNNs model achieved an accuracy of 81.4%
on the AffectNet and 83.6% on the RAF-DB,
outperforming several existing methods in
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the field. The effectiveness of CNNs in
feature extraction and classification was
evident, underscoring their suitability for
real-world applications such as security
systems and personalized user interfaces.

While our study showcased promising
results, several challenges remain, including
variations in illumination, occlusion, and
pose. Future research should focus on
integrating multi-modal approaches and
exploring advanced CNN architectures to
enhance performance further. By addressing
these challenges, we can pave the way for
more reliable and efficient human face
recognition systems."
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ABSTRACT

The silver
developed

nanoparticles (AgNPs) were
in distilled water by chemical
reduction method using three different
stabilizers  (polyvinyl  pyrrolidone (PVP),
polyethylene glycol (PEG) and ascorbic acid
(AA)). We carried out a careful examination of
the time evolution of surface plasmon resonance
(SPR) bands (specifically, peak positions and
intensities) of colloidal AgNPs so as to evaluate
their stability. In addition, the changing pattern
of SPR peak positions and intensities during the
stability time period was also investigated.
Effects of stabilizer materials, stabilizer
concentration, Cu capping on the stability of
AgNPs colloids have been highlighted. The
maximum stability of AgNPs is 45 day with
stabilizer PVP, PEG and AA. The stability time
of AgNPs in EG is further lengthened to 30 days
in the presence of Cu capping (AgcoreCUshell
NPs). Thus a proper selection of the
stabilizing/capping agent and the reaction
medium is critical in determining the stability of
AgNPs colloids. The benefits of stabilization of
AgNPs for real world applications are immense
and this study would help in examining the
stability of other novel plasmonic metal
nanostructures.

KEYWORDS

AgeoreCUshenr, Nanoparticles, different stabilizer,
PVP, PEG, AA.

1. INTRODUCTION

Metal nanoparticles attract attention of the
researchers due to their plasmonic and
physicochemical properties. The former one
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deals with free surface electrons confined to
metal nanoparticles which possess surface
plasmon resonances (SPR) in the visible
region giving rise to its intense colors. The
applications of SPR are impressively
numerous. To take photovoltaics as an
example, harnessing the SPR excitation of
metal nanoparticles would enable the
photovoltaic devices to be physically thin
but optically thick leading to the cost-
effective as well as efficient photovoltaic
devices. The gold (Au) and silver (Ag)
nanoparticles are well known for their SPR
in photovoltaics [1]. However their high
cost is detrimental to the price sensitive
applications such as large area
photovoltaics. The cost-effective copper
nanoparticles (CuNPs) are becoming an
attractive alternative to costly Au and Ag
since  CuNPs exhibit good electrical
conductivity and SPR absorption peak in
visible region, and of comparable intensity
which are important for charge transport
and light trapping respectively in
photovoltaics. Several prior reports
demonstrated that like Au and Ag NPs,
integration of CuNPs enhanced the
efficiency of photovoltaic devices by taking
advantage of SPR [2].

In addition to photovoltaic application, the
CuNPs bear a wide range of other potential
applications such as antibacterial agents,
drug delivery, biosensors, catalysts,
conductive ink and cooling fluid. The
CuNPs have been synthesized by a variety
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of physical and chemical methods, most
recently by biological and green methods.
All methods have a certain advantages
along with limitations. One of the most
common methods for the synthesis of metal
nanoparticles is chemical reduction method
where metal ions in a medium are reduced
to elemental metal using various reducing
agents and surfactants [3].

To the best of our knowledge, the stability
examination of colloidal CuNPs via careful
and thorough monitoring of their SPR band
positions and intensities against time has
not widely been reported. With this
methodology, we can study the changing
trend of SPR properties (peak positions and
intensities) during the stability period
beyond which their SPR properties fall into
rapid decline. In the present work, the SPR
bands of colloidal AgNPs and Cu-capped
CuNPs in different reacting media (distilled
water and ethylene glycol) were scrutinized
S0 as to evaluate their stability [4].

2. EXPERIMENT

In the synthesis of colloidal AgNPs, two
solutions of the ascorbic acid (0.02 M) and
silver nitrate AgNOs; (0.01 M) were
separately prepared in distilled water and
mixed under strong magnetic stirring.
Various molar amounts of stabilizing agents
(either polyethylene glycol (PEG 6000) or
polyvinyl pyrrolidone (PVP 30000)) were
added to the mixed solution. The solution
pH was adjusted up to 12 by adding NaOH.
After stirring at room temperature for about
1 hour, a solution of NaBH4 (0.1 M) in
distilled water was added to the mixture
under continuous strong stirring for about
10 min. The initial blue color of the
reaction mixture turned yellow and
eventually dark yellow indicating the
formation of AgNPs. The same NP
synthesis was also carried out in different
medium [ethylene glycol (EG) [4]]. In the
preparation of CucoreAQshen NPS, various
concentrations of silver salt (AgNO3 to Cu?*
ratios of 0.1:1, 0.2:1 and 0.3:1) were added
to the AgNPs solution. Core-shell Ag-
CuNPs were formed by transmetalation
where the reduction of Cu ions by Ag takes
place directly on the surface of AgNPs. The
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colloidal NPs were characterized by UV-vis
spectrophotometer  (Thermo  Scientific
GENESIS 10S) in the wavelength range of
300-900 nm. The NPs were transferred to
Si substrates by dip-coating for size
estimation. The flow charts and preparation
of steps of Core-shell Ag-CuNPs are shown
in Figure 1 (a-b).

Silver nitrate AgNO,

Ascorbic acid &
(0.01 M)

(0.02 M)

Mixed Solution | 4= Adding PVP solution

NaBH, (0.1 M) | 4= Stirring for about 1 h

l

I Silver Nanoparticles |

Adding Cu?* solution

| Core-shell Ag-CuNPs |

1

Characterization
UV-Vis/ FESEM (a)

Figure 1 (a-b). The flow charts and
preparation of steps of Core-shell Ag-
CuNPs

2.1 Characterization Methods-UV-
Vis Spectrophotometry

UV-Vis Spectrophotometry is a technique
to  measure either absorbance or
transmittance of the sample in ultraviolet
and visible region. The optical properties of
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silver nanoparticles were measured by UV-
Vis spectrophotometer: (GENESYS 10S
UV-Vis  (Materials  Research Lab,
Department of Physics, and University of
Mandalay) shown in Figure 2. The
extinction spectra of NPs were recorded in
the wavelengths ranging from 300-900 nm.
A glass substrate was used as baseline
scanning before the measurement. The
extinction of NRs was obtained from the
transmission (T %) of NPs by using the
equation [Extinction (%) = 1- T %].

Figure 2. UV-Vis Spectrophotometry

2.2. Field Emission Scanning Electron
Microscope (FESEM)

The surface morphological features of
metal nanoparticles were assembled on Si
substrate by  field-emission  scanning
electron microscopy: Agilent 8500 FE-
SEM (Defence Services Science and
Technology Research Centre (DSSTRC),
Pyin Oo Lwin), as shown in Figure 3.

Figure 3. Field Emission Scanning Electron
Microscopy (Agilent 8500FE-SEM)
3. RESULTS AND DISCUSSION

3.1. Effect of
Concentration

Stabilizing Agents

In the first part of my present work, the
effect of stabilizing agents PVP, PEG, and
AA on optical extinction of silver
nanoparticles. Figure 4 shows the
maximum optical extinction spectra for
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colloidal AgNPs with different stabilizing
agents PVP, PEG, AA:AgNO; (3:1).
According to the spectroscopic results, The
optical maximum extinction peak position
at 419 nm in PVP, 425 nm in PEG and 405
nm in AA with extinction values are 0.54,
0.40 and 0.26 for different stabilizing
agents PVP, PEG and AA. The highest
extinction peak is observed at stabilizing
agent PVP, it attributing to the smaller size
of nanoparticles in PVP.

0.6 Silver Nanoparticles
’;-\ With different capping agents
< PVP
g ——PEG
=04
=] —AA
=]
o
=
=
0.2

0.0

300 400 500 600 700 800 900
Wavelength (nm)

Figure 4. The maximum optical extinction
spectra for colloidal AgNPs with different
capping agents PVP, PEG, AA :AgNOs

(3:2)

3.2 Time Evolution on Stability of
Colloidal Silver Nanoparticles

In the second part of this research work, the
stability of colloidal AgNPs with stabilizer
(PVP) concentrations in distilled water by
monitoring the time evolution of the SPR
bands of AgNPs colloids. Figure 5 (a)
shows the time evolution of the SPR bands
of AgNPs colloids (PVP to AgNO; ratio of
3:1) during the record time 0 day up to 45
day and (b) Plots of SPR peak intensity
against maximum wavelength for colloidal
AgNPs. Time recording has started
immediately upon adding PVP into the
mixture solution. At the reaction time of 0
day (as-obtained) up to 45 day, the
extinction peak of AgNPs colloids were
red-shifted from 419 nm to 470 nm and
peak intensity decreased indicating the
bigger nanoparticles formation of colloidal
AgNPs. Upon ageing up to 45 days, the
SPR peak of NPs retain at this position.
Thus, the stability time of colloidal AgNPs
(PVP to AgNOgratio of 3:1) is 45 days.
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Following this, we examined the stability of
AgNPs colloids by using different stabilizer
(PEG) in the same reaction medium
(distilled water). The same procedure is
applied for stability. Figure 6 (a) shows the
time evolution of optical extinction spectra
(SPR bands) and (b) plots of SPR peak
intensity against maximum wavelength for
AgNPs colloids with PEG: AgNO; ratios of
3:1. Applying the same stability extraction
protocol as in the PEG case, at the reaction
time of 0 day (as-obtained) up to 45 day,
the extinction peak of AgNPs colloids were
red-shifted from 425 nm to 467 nm and
peak intensity decreased indicating the
bigger nanoparticles formation of colloidal
AgNPs. It is observed that the stability
period of AgNPs colloids with 45 days for
PEG stabilizer.

Figure 7 shows time evolution of optical
extinction spectra for colloidal AgNPs with
AA: AgNOs; (3:1) and (b) the plots of SPR
peak intensities  against  maximum
wavelength for colloidal AgNPs. It is
clearly seen in the plots that the SPR peak
position is red- shifted (dispersion of NPs)
and peak intensity decreased. The
extinction peak position is red-shifted from
405 nm to 467 nm at the record time of 0
day (as-obtained) up to 45 day. These
record times are indeed the stability time
for colloidal AgNPs since they degrade
beyond this period. It is noted from this
study that the AA: AgNOs; provides the
maximum stability period of 45 day. They
can stable up to 45 days for all stabilizing
agent (PVP), (PEG) and (AA). The 45-
days-stability of colloidal AgNPs is still
sufficient for their potential applications.
Figure 8 shows the plots of SPR peak
position and intensity against record time 0
day up to 45 day for colloidal AgNPs with
stabilizing agents PVP, PEG, AA (3:1).
According to the above results, the highest
optical extinction peak was observed at
stabilizing agents PVP.

PVP: AgNO,
(3:1)
—45 day
——40 day
35 day

30 day
——25day
——20 day

15 day
——10 day

5 day
as-obtained

Extinction (a.u.)

0.0 T T T T T
300 400 500 600 700 800 900

Wavelength (nm)

0.561 (b)
—m—PVP: AgNO,

Linear Fit of B

% ¥}

s
E

Optical Extinction

0.40

0 10 20 30 40 50
Ageing day
Figure 5. (a) Time evolution of extinction
spectra for colloidal AgNPs with PVP:
AgNO;(3:1) and (b) Plots of SPR peak
intensity against record time for colloidal
AgNPs
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L
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Figure 6. (a) Time evolution of extinction
for colloidal AgNPs with PEG: AgNO3
(3:1) and (b) Plots of SPR peak intensity
against record time for colloidal AgNPs in
distilled water
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Figure 7. (a) Time evolution of optical
extinction spectra for colloidal AgNPs with
AA: AgNOs;(3:1) and (b) Plots of SPR peak

intensity against record time for colloidal
AgNPs
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Figure 8. Time evolution of optical
extinction spectra for colloidal AgNPs with
different stabilizing agents PVP, PEG, AA:
AgNOs3(3:1)

3.3 Effect of Capping Agent (Cu?*)
Concentration on Extinction of
AgcoreCUshell NPs

The next step of my present work, the effect
of capping agents concentration on optical
extinction of AgcoreCUshen NPs. Figure 9
shows the maximum optical extinction
spectra  AdcoreCUshet NPs in EG using
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different molar ratios of AgNOs;: Cu?
(0.1:1, 0.2:1, 0.3:1). Upon increasing Cu?*
concentration, the optical extinction peak
was blue shifted and peak intensity
decreased. Shifted of extinction peak cab be
attributed to the smaller nanoparticles size
of  Agcore-CUshen  nNanoparticles. In
synthesized nanoparticles, there are two
SPR peaks corresponding to SPR of Ag at
471 nm and SPR of Cu at 592 nm with
(0.1:1), 449 nm and 563 nm with (0.2:1)
and 438 nm to 552 nm with (0.3:1)
suggesting the formation of Ag-Cu NPs
with. Upon increasing capping agent
concentration (0.1 up to 0.3), the optical
extinction peak blue-shifted and peak
intensity decreased. It attributed to the
smaller nanoparticles size of A-Cu NPs.

The colloidal Ag-Cu NPs were transferred
onto the silicon substrates and their sizes
were estimated using field emission
scanning electron microscopy (FESEM).
Figure 10 (a-c) shows the FESEM image of
AgcoreCUshen NPs in EG using different
molar ratios of AgNO3: Cu?* (0.1:1, 0.2:1,
0.3:1). The average NPs size is 90 nm for
the molar ratio of 0.1:1, 80 nm for the
molar ratio of 0.2:1 and 70 nm for molar
ratio 0.3:1. It was found that Ag NPs size
decreased with increasing capping agent
concentrations which agreed well with our
previous speculation (decreased NP size
attributed to the blue shift of extinction
peak).

429 Colloidal Cu__Ag,  Nanoparticles
AgNo 2"
3.51 —0.11
—0.2:1
—0.3:1
2.8

2.14

350 400 450 500 550 600 650 700

Figure 9. The maximum optical extinction
spectra AgcoreCUshen NPS in EG using
different molar ratios of AgNOs3: Cu?*

(0.1:1,0.2:1, 0.3:1)
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Figure 10. (a-c) The FESEM image of
AgcoreCUshenn NPs in EG using different
molar ratios of AgNO3: Cu?* (0.1:1, 0.2:1,
0.3:1)

3.4 Time Evolution on Stability of
Agcore-Cushel Nanoparticles

In the next attempt, colloidal AgNPs were
capped with Cu shell using different
amounts of Cu?" and the stability of Ag-
CuNPs was tested in EG medium. Figure
11 (a) shows the optical extinction spectra
of colloidal Agcore CUshen NPs with ratios of
AgNO3:Cu?* (0.1:1) recorded for the time
period of 30 days. Upon ageing 0 day (as-
obtained) up to 30 day, the extinction peak
intensity decreased and peak position red-
shifted. This ageing study indicates that the
maximum extinction peak observed at 0
days (as-obtained).
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Figure 11 (b-c) shows the time evolution of
optical extinction spectra AgcoreCUshen NPS
in EG using different molar ratios of
AgNO;z: Cu?* (0.2:1, 0.3:1). It is noted that
the changing trend is similar for the Ag-Cu
NPs with AgNOs:Cu?* (0.2:1 and 0.3:1)
where the SPR peak positions (Agcore and
Cusnen) was red shifted and peak intensities
are decreased upon ageing 30 days. With
AgNOs:.Cu?* (0.2:1), the SPR peak are
shifted to the longer wavelength regions
(first peak 429 nm to 449 nm) and (second
peak 528 nm to 563 nm). With stabilizing
agent concentrations (0.3:1), the SPR peak
is shifted from first peak 425 nm to 438 nm
to and (second peak 530 nm to 552 nm)
respectively. Thus the maximum extinction
period for Agcrre and Cuspen NPs is O day
(as-obtained)  for  stabilizing  agent
concentration (0.1:1, 0.2:1 and 0.3:1). The
optimum condition of Agcore-CUshen NPS in
the present work is as-obtained for all ratios
in EG medium.
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Figure 11. (a-c) Time evolution of optical
extinction spectra Agcore-CuUshen NPs in EG
using different molar ratios of AgNOs: Cu?*
(0.1:1,0.2:1,0.3:1)

4. CONCLUSION

The application potential of nanoparticles in
catalysis ranges from fuel cell to catalytic
converters and photocatalytic devices.
Catalysis is also important for the
production of chemicals and it depends on
the size and shape of metal nanostructures.
Colloidal silver nanoparticles (AgNPs)
were prepared in reaction media (distilled
water) with stabilizers (PVP, PEG and AA)
by chemical reduction method and the
metal (Cu) capping on AgNPs was achieved
by transmetalation method. The synthesis
methods used are simple, rapid and
economical. A careful and thorough
examination on time evolution of surface
plasmon resonance peak positions and
intensities of colloidal Ag and Ag-Cu NPs
in reaction media (EG) with different
concentration (0.1:1,0.2:1, 0.3:1) was
carried out to evaluate their stability period.
The observed stability period of colloidal
AgNPs is 45 day with stabilizer PVP, PEG
and AA. The Cu capping decreases the
stability of Ag-Cu NPs to as-obtained 0
days. It is found that the SPR peak positions
are red shifted while the peak intensities
decreasing in DW (reaction continuing). In
its real applications, the instability of NPs
would not guarantee to explore an exact
processing-structure-property performance
relationship for a given system which is
indispensable for future process
development and system design. The size
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estimation of AgcoreCUsheil NPs with FESEM
image is observed at 90 nm for stabilizing
agent (0.1:1), 80 nm for (0.2:1) and 70 nm
for (0.3:1). Upon increasing precursor
(AgNQOg3) concentrations, the size of
nanoparticles was decreased, it attributed to
the good solubility of nanoparticles solution
at precursor concentration (0.3:1).
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ABSTRACT

Synthesis of silver nanoparticles (AgNPs) using
plant resources has so many advantages over
conventional methods like chemical synthesis, due
to its environmental friendly activity and low cost
for efficient production. The present study is a
novel work where the synthesis of silver
nanoparticles using natural dyes extract as a
potential reducing agents for dry and fresh
Caribbean Trumpet (Tubeuiaaurea) flower (1% -
5%) with the help of ImM of silver nitrate
solution. Thus the synthesized nanoparticles were
characterized using UV-Vis spectrophotometer,
Field Emission Scanning Electron Microscope
(FESEM) and X-Ray Diffraction (XRD). The
optical maximum absorption peak of the
synthesized nanoparticles was observed at 420 nm,
using UV-Vis spectrophotometer. In FESEM
images, the average nanoparticles size was
observed at ~ 52 nm and 69 nm for dry and fresh
Caribbean Trumpet flowers.

KEYWORDS:

Absorbance, reducing agent, crystalline structure,
green synthesis, silver nanoparticles

1. INTRODUCTION

Nanotechnology offers fields with effective
applications, ranging from traditional chemical
techniques to medicinal and environmental
technologies. AgNPs have emerged with
leading contributions in diverse applications,
such as drug delivery, nanomedicine, chemical
sensing, data storage, textiles, the food
industry,  photocatalytic ~ organic  dye—
degradation activity and antimicrobial agents
[1]. Despite the contradictions reported on the
toxicity of AgNPs, its role as a disinfectant
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and antimicrobial agent has been given
considerable appreciation. The available
documented data and the interest of the

community in this field prompted us to work

on plant-mediated green synthesis and
biological activities of AgNPs.
Nanotechnology explores a variety of

promising approaches in the area of material
sciences on a molecular level and silver
nanoparticles (AgNPs) are of leading interest
in the present scenario. This review is a
comprehensive contribution in the field of
green  synthesis, characterization, and
biological activities of AgNPs using different
biological sources [2].

Different methods like electrochemical
reduction, photochemical reduction, heat
evaporation and biological are used for the
synthesis of silver nanoparticles. As reported
in literature, these methods are very expensive
and also involve in the use of hazardous
chemicals which may cause the biological and
environmental  risks.  Currently,  silver
nanoparticles synthesis from plants extract is
receiving a greater attention because of
environment friendly behavior. The plants
extract works as reducing agent as well as
capping agent in synthesis of nanoparticles.
Different plants extract have been successfully
used for the synthesis of metal nanoparticles

[3].

Different green synthesis methods are used for
the synthesis of silver nanoparticles. Green
synthesis defined as the practice of
biologically friendly elements like plants,
bacteria and fungi for nanoparticles synthesis.
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These striking green approaches are free of the
short falls as per conventional synthetic
approaches [4]. One of them is the bio-
organism in which plant extract is being used.
It is environment friendly, having non-toxicity
effects as compared to chemical reduction
methods. The plants extract works as reducing
agent as well as capping agents making steady
and exact shape of the AgNPs. Bio molecules
in the plant extract such as amino acids,
vitamins, enzymes, and proteins work to
reduce the concentration of silver ions Ag*. In
this present work, different flower extracts
(1% up to 5%) are used for this purpose to
reduce the concentration of silver ions. The
effect of dyes concentration on optical and size
of AgNPs were investigated by UV-Vis
Spectrophotometry and  Field Emission
Scanning Electron Microscope (FESEM).
And then, the crystal nature and surface-
morphology feature of AgNPs was calculated
by Debye Scherrer formula. Finally, the
obtained results of NPs size were compared by
the size of FESEM image.

2. MATERIALS AND METHOD

2.1 Preparation of Flower Extract

Fresh Caribbean Trumpet flowers were
collected from Pakokku University. The
flowers were washed thoroughly using tap
water four to five times, incised into small
pieces, drying in the sun light for about one
day and were grind into fine powder. For
extract preparation, 1 g of fine powder of
flowers was added into 100 ml of ethanol
solvent. Then it was stirring for about 2
minutes. The obtain extract was filtered using
filter paper and the extract obtained was
filtered through Whatman No. 1 filter paper
and stored at 4-C for further use.

2.2 Precursor (silver nitrate solution)
Preparation

Silver nitrate solution was used as precursor
for the synthesis of silver nanoparticles from
the flowers extract. 1mM solution of silver
nitrate was prepared using ethanol solvent.

2.3 Synthesis of Colloidal
Nanoparticles (AgNPs)

Silver

The green synthesis method was followed for
the synthesis silver nanoparticles. For the
preparation of silver nanoparticles (AgNPs)
colloids, silver nitrate (AgNO3) was used as a
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metallic precursor and the extract of flower
with  different concentrations was used
reducing agent as well capping agents. The
extract exhibited strong potential in rapid
reduction of silver ions for synthesis of silver
nanoparticles. For the reduction of Ag* ions,
1g of  Caribbean Trumpet (S;) was added
drop wise into 100 ml of 1 mM aqueous
solution of silver nitrate and stirring for about
2 minutes [5]. The change in color was
observed from light yellow to dark yellow
which indicated the formation of silver
nanoparticles. Similarly, 2g, 3g, 4g and 5g of
flowers extract was suspended for the
preparation of Sy, Ss, Ss and Ss respectively.
The experimental setups for the synthesis of
colloidal AgNPs of the present work are
shown in Figure 1.

Tabebuiaaureaflower
(reducing agents)

Silver nitrate l
— i\ & ‘T Veamr T - -
l Filtrated solution

- -y P :

Silver nanoparticles
Figure 1. Sample preparation for the green
synthesis colloidal AgNPs
3. CHARACTERIZATION
METAL NANOPARTICELS
The characterization methods used are UV-Vis
spectrophotometry, field emission scanning

electron microscopy (FESEM) and X-rays
Diffraction (XRD).

3.1 UV-Vis Spectrophotometry

OF

UV-Vis Spectrophotometry is a technique to
measure either absorbance of the sample in
ultraviolet and visible region. The optical
absorption and transmission spectra of novel
metal nanoparticles were recorded in the
wavelengths ranging from 300-1100 nm. The
optical properties of colloidal nanoparticles
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were measured by UV-Vis spectrophotometer,
as shown in Figure 2.

3.2. Field Emission Scanning Electron
Microscope (FESEM)

The surface morphological features of metal
nanoparticles were assembled on Si substrate
by  field-emission  scanning  electron
microscopy: Agilent 8500 FE-SEM (Defence
Services Science and Technology Research
Centre (DSSTRC), Pyin Oo Lwin), as shown
in Figure 3.

3.3. X-Ray Diffraction (XRD)

The structural and surface morphological
properties of metal nanoparticles were
characterized by X- ray diffraction,(RIGAKU
Multiflex)using CuKa radiation (A = 1.5418
A) as shown in Figure 4. The 26 scan range
was from 30°-70° with a step of 0.03".
Operating conditions are 50 kV and 40 mA.

Figure 2. UV-Vis Spectrophotometry (GENESYS
10S)

Figure 3. Field Emission Scanning Electron
Microscopy (Agilent 8500FE-SEM)

Figure 4. RIGAKU Multiflex X-Ray
Diffractometer
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4. RESULTS AND DISCUSSION

4.1. Effect of Reducing  Agents
Concentration on Absorption of AgNPs

The optical absorption properties of colloidal
AgNPs were explored varying with the
reducing agent (dry flower extract)
concentrations (1%, 2%, 3%, 4%, 5%). Figure
5 shows the optical absorption spectra of
colloidal AgNPs. As shown in Figure 6, the
optical absorption peak positions of AgNPs
colloids with different reducing agents
concentration are observed at 420 nm for 1%,
429 nm for 2%, 442 nm for 3% and 450 nm
for 4% and 462 nm for 5%, respectively. It is
the formation of colloidal AgNPs for all molar
concentrations [6]. Upon increasing reducing
agents concentration, the optical absorption
peak position of colloidal AgNPs was red-
shifted from 420 nm to 462 nm and then the
absorption peak intensity decreased. From the
above observation  (red-shifted  optical
absorption peak positions and decreased peak
intensity), it is suggested that the larger
nanoparticles size is formed.

The optical absorption properties of colloidal
AgNPs were explored varying with the
reducing agent (fresh flower extract)
concentrations (1%, 2%, 3%, 4%, 5%). Figure
6 shows the optical absorption spectra of
colloidal AgNPs. As shown in Figure 6, the
optical absorption peak positions of AgNPs
colloids with different reducing agents
concentrations are observed at 423 nm for 1%,
437 nm for 2%, 450 nm for 3% and 453 nm
for 4% and 478 nm for 5%. Upon increasing
reducing agents concentrations, the optical
absorption peak positions of colloidal AgNPs
red-shifted from 423 nm to 478 nm and then
the absorption peak intensity decreased as
well. From the variation of optical absorption
peak positions and peak intensity, the size of
nanoparticles can be altered. From the above
observation (red-shifted optical absorption
peak positions and decreased peak intensity), it
is suggested that the larger nanoparticles size
is formed. This speculation is supported for
the size estimation of nanoparticles [7]. At the
larger reducing agents concentrations (natural
dyes), the optical absorption property of
colloidal AgNPs is not strong enough for the
light harvesting process.
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Figure 5. Optical absorption spectra of
colloidal AgNPs with different dry Caribbean
Trumpet flower concentrations
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Figure 6. Optical absorption spectra of
colloidal AgNPs with different fresh
Caribbean Trumpet flower concentrations

4.2 Effect of Reducing Agent (Dry and
Fresh) on Absorption of AgNPs

The reducing agent (natural dyes) plays an
important role in the formation of Ag NPs and
can adjust the surface plasmon resonance
(SPR) band positions, thus controlling the
aspect ratio of nanoparticles. We studied the
effect of reducing agent (dry and fresh) on
optical absorption of colloidal Ag NPs.
Figure 7 (a-e) shows the absorption spectra of
colloidal Ag NPs with different reducing agent
concentrations for dry and fresh Caribbean
Trumpet flower. With fresh flower extract,
absorption peak maximum Amax Changes from
420 nm into 423 nm, 429 nm into 437 nm,
442 nm into 450 nm, 450 nm into 453 nm for
Ag NPs with reducing agents concentration of
1%, 2%, 3%, 4% and 1% respectively. It is
obvious that the absorption peak maximum
(Amax)) is red-shifted. It suggests that the
formation of larger nanoparticles with
increasing reducing agents concentration.

AgNPs with Caribbean Trumpet Flower
(1%)

—— Fresh

EL

300 400 500 600 700 800 900
Wavelength (nm)

420 nm

Absorbance

AgNPs with Canibbean Trumpet Flower
(2%)
429 nm

—Dry
——Fresh
\/t
(b)

300 400 500 600 700 800 900
Wavelength (nm)

Absorbance

N
—
1

AgNPs with Caribbean Trumpet Flower
(3%)

%
f

2 nm

——Fresh

wn
1

Absorbance
v

g
=}
M

(=
(=)
1

0.3

400 500 600 700

Wavelength (nm)

800

AgNPs with Caribbean Trumpet Flower
(4%)

—Dry
——Fresh

\/t

0.94
0.64
400 500 600 700 800
Wavelength (nm)

450 nm

wn

to

Absorbance

900

43 June, 2024

900



Rl
ﬁ Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

2.1\ AgNPs with Caribbean Trumpet Flower
(5%)

462 nm

—
W
X

)
A

Absorbance

S o
o o

(e)

o
w

400 500 600 700 800 900
Wavelength (nm)

Figure 7. (a-e) Optical absorption spectra of
colloidal AgNPs with dry and fresh dyes
concentrations (1%,2%,3%,4%, 5%)

4.3 Effect of Reducing Agent
Concentration (1% and 5 %) on
Absorption of AgNPs

Figure 8 (a) shows the optical absorption
spectra of colloidal AgNPs with dry Caribbean
Trumpet flower concentrations (1% and 5%).
Upon increasing reducing agents
concentration, the optical absorption peak
position was red-shifted and the absorption
peak intensity decreased. Red-shifted is
attributed to the larger nanoparticles formation
of colloidal silver nanoparticles. Figure 8 (b)
shows the optical absorption spectra of
colloidal AgNPs with fresh Caribbean
Trumpet flower concentrations (1% and 5%).
The similar results were observed with fresh

flower  extract of reducing agents
concentration (1 % and 5 %).
20 \ T
= Silver Nanoparticles with
18- \. '. Dry Flower Extracts
\' .'.I'n'- Increased dyes
3 \ .ﬂ concentration
R I
s lvl l.. ll.. 5%
35 14- N
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Figure 8. (a)Optical absorption spectra of
colloidal AgNPs with dry Caribbean Trumpet
flower concentrations (1%, 5%)
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Figure 8. (b) Optical absorption spectra of
colloidal AgNPs with fresh Caribbean
Trumpet flower concentrations (1%, 5%)

4.4 Effect of Dyes Concentration on Size
Estimation of AgNPs

The surface features of AgNPs were measured
by field emission scanning electron
microscopy (FESEM). Figure 9 (a-b) shows
the FESEM micrograph of colloidal AgNPs
with  dry Caribbean  Trumpet flower
concentrations (1% and 5%). The average
particle sizes of colloidal AgNPs with dry
natural dyes extracts are ~ 54 nm for 1%
(highest absorption peak) and 68 nm for
concentrations 5 % (lowest absorption peak).
The average size of AgNPs increased with
increasing reducing agent of natural dyes.
Like the red-shift of optical absorption result,
the largest average size of colloidal AgNPs
was observed at the higher reducing agent
concentrations.

Figure 10 (a-b) shows the FESEM micrograph
of colloidal AgNPs with fresh Caribbean
Trumpet flower concentrations (1% and 5%).
The average particle sizes of colloidal AgNPs
with fresh natural dyes extracts are ~ 57 nm
for 1% (highest absorption peak) and 69 nm
for concentrations 5 % (lowest absorption
peak). The average size of AgNPs increased
with increasing reducing agent of natural dyes.

Figure 9. (a) FESEM images of colloidal
AgNPs with dry Caribbean Trumpet flower
concentration (1%)
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Figure 9. (b) FESEM images of colloidal
AgNPs with dry Caribbean Trumpet flower
concentration (5%)

Figure 10. (a) FESEM images of colloidal
AgNPs with fresh Caribbean Trumpet flower
concentration (1 %)

Figure 10. (b) FESEM images of colloidal
AgNPs with fresh Caribbean Trumpet flower
concentration (5%)

45 Ageing Effect on  Absorption
properties of colloidal AgNPs

The stability of Ag NPs with dry Caribbean
Trumpet flower (optimum concentration 1%)
was examined upon ageing the colloids for 0
day up to 15 day. Figure 11 (a) shows the
absorption spectra of colloidal AgNPs
solutions (0 day (as prepared) and aged for 5,
10, 15 days). Upon ageing for O day up to 5
day, the absorption peak positions of Ag NPs
remained unchanged at 420 nm but the
absorption  peak intensity  significantly
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increased. Upon ageing for 10 day and 15
days, the absorption peak intensity
significantly decreased. Thus, the stability of
colloidal silver nanoparticles with natural dyes
1% is within 5 day.

Figure 11 (b) shows the absorption spectra of
Ag NPs colloids with fresh Caribbean
Trumpet flower (optimum concentration 1%)
as-prepared and aged for 5, 10,15 and 20 days.
The absorption peak of Ag NPs is increased
after 5 and 10 days. This ageing study
indicates that the stability of Ag NPs colloids
starts deteriorated beyond 10 days-ageing.
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Ageing Study of AgNPs with Dry Caribbean
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Figure 11. (a) Stability of colloidal AgNPs
with dry dyes concentrations (1%)
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Figure 11. (b) Stability of colloidal AgNPs
with fresh dyes concentrations (1%)

4.6 Structural and Size Estimation of
AgNPs

The XRD analysis confirmed the crystalline
nature of the nanoparticles as shown in Figure
12. The diffraction peaks at 38.2° 44.64°,
64.48°, and 78.4° related to 111, 200, 220 and
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222 facts of the face centred cubic (FCC)
crystal lattice, corresponded to silver
nanoparticles. The extra peak obtained at 26
nearly equal to 82 may be due to the bio-
organic phase crystallization over silver
nanoparticles surface. The crystallinity of the
synthesized silver nanoparticles using flower
extract 1% of dry and fresh was examined
through X-ray diffraction (XRD) as shown in
Figure 9. The size of the nanoparticles was
calculated based on the Debye Scherrer
equation:

D = k\/Bcoso.

In the above equation, represents particle
diameter size, k: a constant with a value of 0.9,
A: X-ray source wavelength (0.1541nm), 3 and
0 represent the FWHM (full width at half
maximum), and diffraction angle. So, in the
present study, the average crystalline
nanoparticles size was observed to be
approximately 52 nm for all lattice planes.

280 (1)

200 ~

150+ (200)

Intensity

dry

I 22
100 - | {u' ﬁ |

[
50+ fresh i
Mw
T T T T T T T T
20 EL 40 50 &0 T 80 a
2 Theta (Degree)

Figure 12. XRD patterns of Ag NPs for dry
and fresh Caribbean Trumpet flower extract

5. CONCLUSION

Nanoparticles are used increasingly in
catalysis to boost chemical reactions. Silver
nanoparticles (AgNPs) colloid was prepared
by green synthesis method. Optical absorption
properties of AgNPs colloid was explored
varying with the reducing agents concentration
(dry and fresh natural dyes) 1% up to 5%.
Upon increasing reducing agents
concentration, the optical absorption peak
positions of colloidal AgNPs were red-shifted
and then the absorption peak intensity
decreased. It may be due to the larger
nanoparticles formation of colloidal silver
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nanoparticles. The average size of colloidal
silver nanoparticles (AgNPs) was obtained
from the field emission scanning electron
microscopy (FESEM) micrograph. The
obtained average size of silver nanoparticles
with reducing agents (dry and fresh flower
extract) concentration are ~ 52 nm and ~ 69
nm for concentration 1%. This observation is
agreed with above speculation (red-shift of the
absorption peak). So, in the second study, the
average crystalline nanoparticles size was
calculated from the XRD images by using
Debye Scherrer equation. According to the
above results, the average nanoparticles size is
approximately ~ 52 nm for dry flower extracts
and ~ 68 nm for fresh flower extracts (agrees
with our FESEM results). The stability of
AgNPs was also studied with optimum
reducing agent concentration 1%. In this
ageing study, the stability of natural dyes is
over 5 day and 10 day for dry and fresh
reducing agent of Caribbean Trumpet flowers.
The extra peak obtained at 20 nearly equal to
82° may be due to the bio-organic phase

crystallization  over silver nanoparticles
surface.
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ABSTRACT

As the demand for accurately converting spoken
words to text grows, technology for Automatic
Speech Recognition (ASR) has advanced
significantly. This study focuses on OpenAl's
Whisper, a new ASR model that works with
multiple languages. A detailed approach is
employed to analyze the design, performance,
and potential improvements. English, Korean,
and Japanese are chosen for this study because
they are widely used and important globally.
English is chosen because it's used in many
areas like business and education worldwide.
Korean is included because it's becoming more
important in East Asia, especially in
entertainment and technology. Japanese is also
considered because of Japan's influence in
technology and culture. Utilizing OpenAl's
Whisper small model for the fine-tuning
process, the best Word Error Rate (WER) is
achieved after training on speech materials:
12.0% for English, 21.4% for Japanese, and
23% for Korean. This study aims to gauge
Whisper's  effectiveness  across  diverse
languages, ultimately contributing to the
refinement of multilingual ASR technology.

KEYWORDS

Automatic  Speech  Recognition,  OpenAl
Whisper, Speech To Text, Mel-Frequency
Cepstral Coefficients, Word Error Rate,
Transformer Architecture, Self Attention, Multi-

Head Attention

1. INTRODUCTION

The human voice is a unique
communication tool rich with emotion and
nuance. Converting this complexity into
written text is challenging, but Speech-to-
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Text (STT) technology effectively bridges
the gap. STT transforms spoken language
into text, greatly enhancing how exchange
information in the digital age.

Speech-to-text (STT) technology has a
broad impact across various fields. It
enables  real-time  transcription  in
professional settings like meetings and
lectures, aiding collaboration and
knowledge sharing. For those with hearing

impairments, STT provides essential
communication  access. In  language
learning, it helps with pronunciation

practice and offers immediate feedback.
Content creators use STT for transcription,
generating subtitles, and documenting
interviews.

Despite its potential, STT faces significant
obstacles to  widespread  adoption.
Challenges like noise intrusion from
background sounds, traffic, and
environmental disruptions can distort
speech, causing transcription errors.
Additionally, managing multiple speakers
requires algorithms that can distinguish
overlapping voices and accurately parse
individual utterances.

The diverse dialectal nuances and accents
present another formidable hurdle. Human
languages exhibit a range of pronunciations
and intonations that often transcend rigid
grammatical conventions. To genuinely
democratize access to information, STT
must navigate the intricacies of accents and
dialects with precision, acknowledging the

June, 2024



Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

inherent diversity of human
communication.
Beyond technical challenges, ethical

considerations cast shadows on the horizon.
Privacy concerns arise, as the training data
for STT algorithms often comes from real-

world recordings, prompting questions
about data ownership, consent, and
potential biases within the models.

Additionally, the growing reliance on STT
for communication and information access
requires a thoughtful evaluation of its
impact on social interactions and linguistic
evolution.

This system contributes to the field of
automatic speech recognition (ASR) by
fine-tuning OpenAl's Whisper model for
domain-specific, multilingual applications
across English, Japanese, and Korean using
the Common Voice 16.0 dataset. By
leveraging this dataset, the model adapts to
a variety of speakers and dialects,
improving its  generalization  across
languages. Fine-tuning process focuses on
domain-specific tasks, allowing the ASR
system to accurately transcribe context-
sensitive speech in specialized fields such
as business, healthcare, and education.
Additionally, this system enhances cross-
linguistic ~ adaptability, =~ demonstrating
Whisper’s ability to handle typologically
diverse languages while maintaining high
transcription accuracy. Benchmarking the
fine-tuned model's performance against
standard ASR  systems, highlighting
significant improvements in word error rate
(WER) and transcription quality.

The rest of the paper is organized as
follows: literature review is described in
section 2. Background theory is shown in
section 3. Whisper model is presented in
section 4. Experimental results are shown in
section 5. Finally, conclusion is given in
section 6.

2. LITERATURE REVIEW

In 2020, Eva Sharma, Guoli Ye, and
Wenning Wei et. al created a new training
method that mixed real speech with
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synthetic speech generated by a specific
TTS model trained on the target keywords.
They suggested a new biasing technique
within the RNN transducer to focus on
keywords in both real and synthetic speech
during training[6]. This technique helped
the model learn keyword patterns that
worked across different speaking styles and
acoustic environments.

In 2020, Kevin Chu, Leslie Collins, and
Boyla Mainsah employed a comprehensive
approach to enhance speech intelligibility
across diverse environments. Automatic
Speech Recognition (ASR) utilized the
Kaldi toolkit, training a GMM-HMM
acoustic model with MFCC features and
optimizing language models  and
pronunciation dictionaries. The Speech
Synthesis Model, powered by the Merlin
synthesizer, integrated duration and
acoustic models trained on neural networks
to generate speech waveforms with precise
linguistic and spectral characteristics. A
rigorous Listening Test Procedure engaged
twenty native English speakers to evaluate
speech intelligibility — under  varied
conditions, including  anechoic  and
reverberant settings, and synthesized speech
derived from  ASR-generated  word
sequences [8]. These methods collectively
advanced  our  understanding  and
interventions for speech clarity in real-
world scenarios.

In 2023, Xianrui Zheng, Yulan Liu, and
Deniz Gunceler et. al used an RNN-T
model to process data end-to-end. The
system explored three methods to enhance
the model, particularly for recognizing new
words, while maintaining accuracy with
existing ones. The first method blended
synthetic and real data, dynamically
selecting from both sources during training
to better retain real audio characteristics.
The second method involved keeping
certain parts of the model unchanged,
known as Encoder Freezing, which helped
improve outcomes compared to altering the
entire model [12]. Lastly, the system
investigated Elastic Weight Consolidation
(EWC), a technique that stabilizes the
model and reduces errors  when
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encountering new words by addressing
differences between real and synthetic data.

3. BACKGROUND THEORY

Converting spoken words into written text
is a complex challenge that has significantly
advanced Speech-To-Text (STT) systems,
enhancing human-computer interaction.
STT systems use acoustic models to extract
features from raw audio, considering
variations in tone, pronunciation, and noise.
Techniques like Mel-Frequency Cepstral
Coefficients (MFCCs) and spectrogram
analysis help represent audio signals for
further processing. Language models then
interpret these features into coherent word
sequences using grammar, vocabulary, and
context, traditionally employing statistical
methods like n-grams.

Transformer-based  architectures  have
further advanced STT by capturing long-
range dependencies  between  words,
improving accuracy and fluency [7]. These
deep neural networks analyze entire audio
sequences  simultaneously,  enhancing
performance  in  handling  complex
sentences, disfluencies, and overlapping
speech [5]. Training [13] these models
require substantial data, and manually
aligning audio with transcripts is costly.
Weak supervision, using loosely aligned or
automatically generated transcripts, allows
models to learn from larger datasets,
improving resilience and adaptability.

As global discourse spans many languages,
STT technology is increasingly embracing a
multilingual approach. Advanced models
now incorporate language identification and
cross-lingual transfer techniques, breaking
down language barriers and promoting
global communication. As STT technology
matures, addressing its societal impact and
ethical considerations, such as data privacy,

potential  biases, and influence on
communication patterns, is crucial [5].
Ensuring responsible development and

deployment [3] practices is essential for
fostering an inclusive and ethical future in
human-computer interaction.
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4. WHISPER MODEL

OpenAl's Whisper has emerged as a robust
player in the field of speech-to-text (STT)
conversion, captivating both researchers
and users with its multilingual capabilities
and exceptional accuracy. To gain a
comprehensive  understanding of its
abilities, it is essential to explore the

theoretical foundations and intricately
designed architecture that drive its
performance.

4.1. Architectural Pillars

Whisper's architecture can be envisioned as
a grand palace of sound, where each
element plays a vital role in converting
spoken words into written text.

4.1.1. Transformer Foundation

Central to the structure is the transformer, a
deep learning architecture renowned for its
capacity to capture extensive connections
between words. Unlike analyzing isolated
audio snippets, the transformer examines
the entire audio sequence, fostering a
nuanced comprehension of context and
sentence structure. Figure 1 shows the
overview of Transformer Architecture.

= |
add&Norm €

Multi-Head
Attention
o

N

add&Norm €—

Masked
Multi-Head
Adttention

Input
Embedding

Inputs

Outputs(shified right)

Figure 1. Transformer Architecture
4.1.2. Encoders & Decoders
Within transformer architecture, specialized

sub-modules play crucial roles. Encoders
analyze the acoustic features from raw
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audio  signal, examining  complex
interactions of frequencies and amplitudes.
Decoders then use these features to generate
the corresponding sequence of words in the
target language [11]. Figure 2 shows
overview of Whisper Encoder-Decoder
Architecture.

Encoder Block ‘
Encoder Block ‘ Decoder Block

Decoder Block

Decoder Block

Decoder Block

Figure 2. Overview of Whisper Encoder-
Decoder Architecture

4.1.3. Weak Supervision Wisdom

Training Whisper relies on an extensive
dataset of weakly labelled audio-text pairs,
meaning text annotations may not perfectly
align with audio segments. This approach
allows Whisper to harness the richness of
human speech data without meticulous
manual labelling, enhancing scalability and
adaptability.

4.2. Step-by-Step Symphony

Embark on a journey through Whisper's
operation, observing the transformation of
acoustic whispers into written words.

4.2.1. Acoustic Feature Extraction

The process begins with the raw audio
signal.  Whisper extracts meaningful
features like Mel-Frequency Cepstral
Coefficients (MFCCs) [9], capturing the
essence of the audio for further stages as
shown in Figure 3.
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Figure. 3. Male happy speech data and its
corresponding MFCC [1]

4.2.2. Encoder Analysis

These features are fed into the transformer's
encoders, which delve into the acoustic
patterns and relationships within the
sequence.

4.2.3. Decoder Decoding

Armed with insights from the encoders, the
decoders use their knowledge of language
and context to sequentially construct a
coherent text sequence.

4.2.4. Language ldentification

Whisper can manage over 60 languages. An
embedded module automatically identifies
the predominant language in the input
audio, guiding the decoding towards the
appropriate linguistic context.

4.2.5, Continuous Refinement

Whisper employs methods like spectral
augmentation to enhance its understanding
of noisy and varied acoustic environments.
It engages in continuous learning strategies,
enabling  ongoing  adaptation  and
performance improvement with new data
and languages.

4.3. Visualizing the Magic

Some key aspects of Whisper's workings
ng.l. Transformer Attention Mechanism
The encoders and decoders dynamically

shift attention from one feature to another,
assembling the puzzle of meaning [10].
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This interaction [4] can be visualized with
arrows connecting acoustic elements to
corresponding words in the output text.

4.3.2. Weak Supervision and Data
Diversity

Imagine an extensive library with books in
diverse languages, some with precisely
aligned chapters and others with loosely
annotated content. This metaphor illustrates
the abundance of weakly labelled data
Whisper learns from, showcasing its ability
to extract knowledge from imperfect
sources [2].

4.4. The Future Beckons

Whisper's journey is just beginning, with
vast potential ahead. It can enhance
accessibility for the hearing-impaired,
enable multilingual communication, and
transform content creation. However,
ethical considerations around data privacy
and potential biases must be handled wisely
to ensure this technology benefits humanity
inclusively and fairly.

5. EXPERIMENTAL RESULT
5.1. DataSet

The Common Voice 16.0 dataset is a large
collection of recordings in various
languages, totaling 30,328 hours of MP3
audio paired with transcriptions. It includes
additional speaker information such as age,
gender, and accent, with 19,673 hours
verified for accuracy. Covering 121
languages, it includes English, Japanese,
and Korean for fine-tuning language tasks.
The specifics of the dataset are outlined in
Table 1.

The English dataset (411k rows) is divided
into validated (16.4k rows), invalidated
(111k rows), train (114k rows), test (16.4k
rows), and other (154k rows). Validated
data has been reviewed and upvoted for
quality, while invalidated data has been
downvoted. Training and test sets consist of
high-quality reviews, and the other category
includes unreviewed data.

The Japanese dataset (180k rows)
includes validated (6.09k rows), invalidated
(12.8k rows), train (9.62k rows), test (6.09k
rows), and other (146k rows). The Korean
dataset (2.99k rows) is split into validated
(235 rows), invalidated (237 rows), train
(401 rows), test (282 rows), and other
(1.83k rows).

Table 1. Statistics for Three Languages

From Common Voice Dataset

Class | Vali |Inv | Tra | Test | Oth | To
date | alid |in er tal

d ated
Engli | 16.4k | 111 | 114 | 16.4 | 154 |41
sh k k k k 1k
Japan | 6.09k | 12.8 | 9.62 | 6.09 | 146 | 18
k k k k 0k
Kore | 235 237 | 401 | 282 | 183 |29
a k 9k
Total | 2272 | 124 | 124 | 227 | 301 |59
5 037 | 021 |72 830 |39
90
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5.2. Experiment Setup

The experiment was conducted on Kaggle
using a 16GB P100 GPU. PyTorch served
as the main deep learning framework, with
the Hugging Face Transformers library for
model integration. Data was sourced from
the Common Voice API. OpenAl Whisper
was selected for fine-tuning. Data
preparation involved processing datasets
from Common Voice. Training took place
on Kaggle with 10,000 iterations, aiming to
refine  OpenAl Whisper for improved
multilingual speech recognition.

5.3. Performance Matrix

The performance of the speech recognition
system was evaluated using the Word Error
Rate (WER), a common metric in
Automatic Speech Recognition. WER is
based on the Levenshtein distance and is
calculated at the word level. The
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computation of WER involves the
following formula:
WER — StD¥l _ 54D+ )
N S+D+C
where

S is the number of substitutions,

D is the number of deletions,

I is the number of insertions,

C is the number of correct words,

N represents the total number of
words in the reference transcript
(N=S+D+C)

Equation (1) offers a comprehensive
assessment  of  recognition  errors,
accounting for substitutions and deletions
relative to the total number of words in the
reference transcript. The process of
calculating with sample data is as follow:

e Prediction: What is Atrtificial
intelligence and its applications?

e References: Wha is Atrtificial
intelligent and is application?

WER =(2+2+0)/(2+2+3)=4/7

=0.5714285714285714

5.4. Experiment Result

In this experiment, the primary objective
was to refine OpenAl Whisper, an
advanced Automatic Speech Recognition
(ASR) model, utilizing Common Voice
datasets in English, Japanese, and Korean.
The fine-tuning process in Google Colab
involves several steps:

5.4.1. Prepare Environment

Several well-known Python tools will be
used to adjust the Whisper model. Datasets
will be acquired and set up for training.
Transformers and Accelerate libraries will
be employed for handling and training the
Whisper model. The soundfile package will
be necessary for working with audio files,
and model performance will be measured
using jiwer. Progress tracking will be
facilitated through TensorBoard, and a
demo of the improved model will be
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created using Gradio. It is advisable to save
the model as it is trained. During training,
model checkpoints are uploaded directly to
the Hugging Face Hub, this offers:

« Version control: Ensures
checkpoint is lost during training.

no

» Tensorboard logs: Keeps track of
important metrics during training.

» Model cards: Documents what the
model does and its use cases.

«  Community: Makes it easy to share
and collaborate with others.

Linking the notebook to the Hub is simple;
just enter the Hub authentication token
when prompted. The Hub authentication
token can be found at
https://huggingface.co/settings/tokens.

5.4.2. Load DataSet

Common Voice 16.0 is a dataset where
people record sentences from Wikipedia in
various languages, including English,
Japanese, and Korean, spoken in the USA,
Japan, and South Korea, respectively. It
includes validated, training, and test subsets
used for fine-tuning ASR models. To access
the dataset, visit the Hugging Face Hub
page for Common Voice (mozilla-
foundation/common_voice_16_0) and
accept the terms of use. The first 100
samples can be explored and filtered by
language as shown in Figure 4.

path audio

‘common_voice_ko_35845802.mp3 >
‘common_voice_ko_35845804.mp3 >
‘common_voice_ko_35845836.mp3 >
‘common_voice_ko_35845838.mp3 >
ko_train_0/common_voice_ko_35845839.mp3 B
ko_train_6/common_voice_ko_35845871.mp3 >

‘common_voice_ko_35845873.mp3 >

‘common_voice_ko_35845874.mp3 >

common voice ko 35845876.m03 >

Figure 4. Sample Korea Dataset
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The dataset features narrated speech with
diverse speakers and recording quality. For
English, approximately 114k training rows
and 16.4k test rows are available. Japanese
data includes 9.64k training rows and 6.09k
test rows, while Korean has 401 training
rows and 282 test rows. Fine-tuning the
model will use on audio and sentence
attributes, ignoring additional metadata like
accent and locale to ensure the model is
trained on essential components for
accurate speech recognition.

5.4.3. Prepare Feature
Tokenizer and Data

Extractor,

To set up the ASR pipeline, three main
components are needed:
e Feature extractor: This component
processes the raw audio inputs.
e Model: It performs the sequence-to-
sequence mapping.
e Tokenizer: This post-processes the
model outputs into text format.
In  Transformers, the Whisper model
comes with its own feature extractor and
tokenizer, named WhisperFeatureExtractor
and  WhisperTokenizer,  respectively.
Describe the details of each component in
the next sections.

5.4.3.1. Load WhisperFeatureExtractor

The Whisper feature extractor processes
speech inputs for automatic speech
recognition (ASR). It works with one-
dimensional arrays that represent speech
signals, sampled at 16kHz to match the
model's requirements. This ensures the
audio inputs are consistent and prevents
performance issues. The feature extractor
standardizes all audio samples in a batch to
30 seconds by padding shorter samples with
zeros and truncating longer ones. This
uniformity eliminates the need for an
attention mask. It then converts these
standardized audio arrays into log-Mel
spectrograms, which show the audio's
frequency content over time. Whisper uses
these spectrograms for further processing.
Figure 5 shows overview of Whisper
Encoder-Decoder Architecture.
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Figure 5. Conversion of sampled audio
array to log-Mel spectrogram

5.4.3.2. Load WhisperTokenizer

The Whisper tokenizer converts model
outputs into readable text. It's pre-trained on
96 languages and can be used directly
without additional training. It includes
special tokens for language and task
identification, making it suitable for
multilingual ASR tasks. To verify its
correct functioning, a sample transcription
can be encoded and decoded, ensuring the
process works for English and two other
languages.

5.43.3. Combine To Create A
WhisperProcessor

To streamline the process, combine
WhisperFeatureExtractor and

WhisperTokenizer into a single class called
WhisperProcessor. This class will handle
both audio preprocessing and tokenization,
simplifying the training process by
managing only the processor and the model.

5.4.3.4. Prepare Data

To prepare the one-dimensional input audio
array and its transcription for the Whisper
model, the audio's sampling rate must be
downsampled from 48kHz to 16kHz. This
is achieved using the dataset's cast_column
method, which resamples audio samples
dynamically upon initial loading without
altering the original audio. Once the first
audio sample from the Common Voice
dataset is reloaded, it is resampled to
16kHz, reducing the array to one amplitude
value for every three original values,
ensuring compatibility with the Whisper
model.
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To process the data, the function loads and
resamples the audio using batch["audio"],
with Datasets handling the resampling on
the fly. The feature extractor then computes
the log-Mel spectrogram input features
from the audio array. Finally, the
transcriptions are encoded into label IDs
using a tokenizer. This function is applied
to all training examples using the .map
method, preparing the data for fine-tuning
the Whisper model.

5.5. Training and Evaluation

With the data prepared, the training pipeline
can be initiated using the Trainer. The
process includes defining a data collator to
prepare pre-processed data as PyTorch
tensors for the model, and setting up
evaluation metrics, specifically using the
word error rate (WER), which requires a
compute_metrics function. Additionally, a
pre-trained model checkpoint needs to be
loaded and configured correctly for
training. Training arguments must also be
defined to guide the Trainer in setting up
the training schedule. Once the model is
fine-tuned, it will be evaluated on the test
data to ensure accurate transcription of
speech in English, Japanese, and Korean.

5.5.1. Define a Data Collator

The data collator for a sequence-to-

sequence speech model like Whisper
handles  input_features and  labels
independently. The input_features are
initially padded to 30 seconds and

converted to fixed-dimension log-Mel
spectrograms, then batched into PyTorch
tensors using the feature extractor's .pad
method with return_tensors="pt'.  Since
these inputs already have fixed dimensions,
no additional padding is required. For the
labels, sequences are padded to the
maximum length within the batch using the
tokenizer’s .pad method, and padding
tokens are replaced with -100 to exclude
them during loss computation. The start of
the transcript token is also removed from
the beginning of the label sequence, as it
will be appended later during training. By
utilizing the WhisperProcessor, which
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combines the feature extractor and
tokenizer, the data collation process is
streamlined.

5.5.2. Evaluation Metrics

For evaluation, the Word Error Rate
(WER) metric, a standard measure for ASR
systems, is used. This metric is loaded from
the evaluate library and calculated via the
compute_metrics function. The function
replaces -100 in the label IDs with the
pad_token_id to correctly handle padded
tokens, decodes the predicted and label 1Ds
to strings, and computes the WER between
predictions and reference labels. These
steps ensure accurate data handling and
evaluation, facilitating effective model
training and assessment for ASR tasks.

5.5.3. Load a Pre-Trained Checkpoint

Proceed to load the pre-trained Whisper
small checkpoint. This can be easily done
using Transformers.  The Whisper
model has token ids known as
forced_decoder _ids, which are set as model
outputs before autoregressive generation
begins. These token ids control the
transcription language and task for zero-
shot ASR. However, for fine-tuning, these
ids will be set to None, as the model will be
trained to predict the correct languages
(English, Korea, and Japan) and task
(transcription).

Additionally, there are tokens known as
suppress_tokens, which are completely
suppressed during generation, meaning
their log probabilities are set to -inf so they
are never sampled. These tokens will be
overridden to an empty list, indicating that
no tokens are suppressed during fine-
tuning.

5.5.4. Define the Training Arguments

In the final step, training arguments are
defined to set up the training process. Key
parameters include output_dir, which
specifies the local directory for saving
model weights and serves as the repository
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name on the Hugging Face Hub. The
generation_max_length sets the maximum
number of tokens generated during
evaluation. Intermediate checkpoints are
saved and uploaded to the Hub every
save_steps training steps, while evaluations
are conducted every eval_steps steps. The
report_to parameter determines where to
save training logs, with options including
"azure_ml", "comet_ml", "miflow",
"neptune”, "tensorboard", and "wandb"; the
default is "tensorboard" for logging to the
Hub. These arguments, along with the
model, dataset, data collator, and
compute_metrics function, are passed to the
Trainer to initialize the training process.
The whole process is described in Figure. 6.

\ Preprocessing —
( Start J Data Dataset

. Inference
“~__ Train? -~
~

Transcribed
text

Figure 6. System Flow of Fine-Tuning
Whisper Model
5.5.5. Training

This command trainer.train() will start the
training loop, during which the model will
be fine-tuned on the provided dataset using
the specified training arguments. Training
the model typically spans between 5 to 10
hours, depending on the GPU's capabilities
or the one assigned in Google Colab. If a
CUDA ‘"out-of-memory" error occurs
during training initialization, steps can be
taken to address it.

Firstly, consider gradually decreasing the
per_device_train_batch_size, reducing the
amount of data processed in each batch.
This adjustment may help alleviate
memory constraints. Secondly,
gradient_accumulation_steps can be
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utilized to compensate for the reduced
batch size. This parameter accumulates
gradients over multiple batches before
performing a weight update, effectively
simulating a larger batch size without
increasing memory usage. Validation
loss over steps for selected three
languages are shown in Figure. 7 ,8 and
9.

Figure 7. Validation loss over steps for
English

qqqqq

Figure 8. Validation loss over steps for
Japan

Figure 9. Validation loss over steps for
Korea

Best Word Error Rate (WER) achieved
after training speech material English is
12.0% and 21.4% for Japanese, 23% for
Korean as shown in Figure. 10.
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WER

25%

20%

15%

10%
‘ol
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English Japan Korea

Figure 10. Word Error Rate for three
languages
This experiment has demonstrated the
effectiveness of finetuning the Whisper
model for a domain-specific multilingual
ASR application. Utilizing the Whisper
Small model, remarkable Word Error Rates
(WER) are achieved. Despite constraints
imposed by wusing a small model,
necessitated by hardware limitations such
as those encountered on an M1 MacBook
Pro with limited GPU and CPU
performance, expectations and obtained
impressive WER results are exceeded. This
highlights the versatility of the Whisper
model in accommodating diverse languages
and its capacity to adapt to domain-specific
ASR tasks, even under resource constraints.

6. CONCLUSIONS

The demand for accurate and efficient
speech-to-text conversion has spurred
notable advancements in Automatic Speech
Recognition (ASR) technology. This study
delved into OpenAl's Whisper, a cutting-
edge multilingual ASR model constructed
through a large-scale weak supervision
framework. Through a comprehensive
analytical approach, this system
meticulously explored the model's intricate
architecture  and  functionalities. It
conducted a detailed performance analysis
across diverse audio datasets, shedding
light on its capabilities and limitations.
Furthermore, the study systematically
investigated potential enhancements and
real-world applications of Whisper. The
findings underscore the significance of
Whisper in meeting the evolving needs of
speech recognition technology and its
promising prospects for future development
and deployment in practical settings.
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ABSTRACT
Decentralized messaging platforms built on
blockchain  technology rely  heavily on

cryptographic hash functions to ensure secure
and tamper-resistant storage of messages. The
selection of an optimal hash algorithm is critical
for the performance and scalability of these
systems. This study provides a comprehensive
comparative analysis of the performance
characteristics of various hash algorithms
suitable for use in decentralized messaging
applications. We evaluate metrics such as hash
rate, and throughput to identify the most efficient
algorithms for different deployment scenarios.
Our findings offer valuable insights for
developers seeking to optimize the performance
of blockchain-based messaging systems while
maintaining robust security guarantees.

Keywords

Blockchain technology, Decentralized messaging,
Cryptographic hash functions, Secure Hash
Algorithms, Communication

1. INTRODUCTION

Blockchain technology has significantly
altered communication as well as
information transactions, which has led to the
development of decentralized messaging
applications which offer enhanced privacy,
security, and resistance to censorship. These
platforms rely extensively on cryptographic
hash functions to ensure the integrity and
authenticity of messages exchanged among
users. The characteristic of the issue is of
crucial significance to assure the integrity of
the message. Researchers have to perform an
analysis of the performance characteristics of
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hash algorithms appropriate for decentralized
messaging for the purpose of making
informed choices during the development
and implementation of these systems.

This paper aims to provide a
comprehensive analysis of the performance
of various hash algorithms within the context
of decentralized messaging platforms. We
will thoroughly examine the fundamental
concepts of hash algorithms, exploring their
essential  characteristics and analyzing
different types, such as MD-5, Secure Hash
Algorithms (SHA-1) and Secure Hash
Algorithms (SHA-2 256,384 and512). By
comparing the performance of these
algorithms using appropriate metrics, we aim
to identify the most suitable decisions for
secure and efficient communication in
decentralized messaging environments. This
research will provide invaluable insights for
developers and users alike, enabling them to
make informed decisions about the choice of
hash algorithms in their  respective
applications.

2. THEORETICAL BACKGROUND
2.1. Overview of decentralization

Decentralized messaging systems are an
innovative way of communication that
employs peer-to-peer (P2P) networks to
enhance security and privacy. Decentralized
platforms enable immediate interactions
between users, reducing the possibility of
security breaches and illegal access, as
opposed to conventional messaging systems
that rely on servers that are centralized.
These  platforms  utilize  blockchain
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technology to generate irreversible records of

messages, ensuring the integrity and
authenticity of the data. Decentralized
messaging  systems  typically  utilize

encrypted messaging, which ensures secure
communication by protecting the identities of
users and evidence from unauthorized access
and modification. Decentralized messaging
platforms are seen as necessary for user data
privacy and digital communication trust [1].

]
e
= & =
B \@ L
=T

Figure 1. Nature of Decentralization

2.2. Cryptographic hash functions

Cryptographic  hash  functions are
mathematical algorithms that map data of
arbitrary size (called the "message™) to a
fixed-size string of bits (called the "hash
value" or "message digest"). These functions
must possess crucial properties such as
preimage resistance, second preimage
resistance, collision resistance, determinism,
and efficiency [2].

2.2.1. Message Digest (MD-5)

The MDS5 algorithm generates a 128-bit
hash value by digesting input data of any
size, which acts as a unique identity allowing
users to verify the integrity of the content. It
is widely employed to ensure the integrity of
data received from the server throughout the
file transfer process. Users are able to verify
the integrity of the file they have downloaded
by comparing the hash of it to the hash value
tracked on the server. The process includes
padding the input data, setting four 32-bit
variables to constants, processing it in 512-
bit blocks via bitwise operations and modular
additions, and combining the four variables'
results to get the hash value. The systematic
approach used produces a unique hash that is
crucial to ensuring the integrity of data [3].

MD5 uses four functions, each of which
takes three 32-bit words as inputs and
outputs one 32-bit word as a result. They
apply the logical operators and, or, not and
xor to the bits. The data of the 4 buffers,

60

mainly A, B, C, and D, have been merged
with the words of the input via the four
auxiliary functions, denoted as F, G, H, and
I. There are a total of four rounds, with each
round containing 16 basic steps. The figure
below represents one operation.

e ——

Figure 2. Principle of MD-5

Figure 2 represents the use of the
auxiliary function F to the 4 buffers (A, B, C,
and D) with the message word M; and the
constant Ki. The term "<<<s" represents a
binary operation that shifts the bits of a value
to the left by s positions. After all rounds are
executed, the buffers A, B, C, and D contain
the MD?5 digest of the initial input.

2.2.2. SHA-1

The SHA-1 algorithm gets a message as
input, that may have a maximum length of
2% bits and produces a 160-bit message
digest given output. The message gets
processed by the compression function in
blocks of 512 bits. Each block has been
divided into sixteen 32-bit words, which
represent M¢ for t = 0, 1, .., 15. The
compression function possesses four rounds,
each round comprised of a series of twenty
stages. An entire repetition of the SHA-1
algorithm has 80 stages, utilizing a block size
of 512 bits with a 160-bit linking variable,
which produces the final 160-bit hash [4].
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Figure 3. Working process of SHA-
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2.2.3. SHA-2

The SHA-2 standard includes several
hash algorithms, including SHA-2(256),
SHA-2(384), and SHA-2(512), that are
utilized to generate an easily understood
summary (message digest) of encrypted data.
The length of the generated messages digest
changes from 256 to 512 bits, according to
the hash function applied in each instance.
Figure 4 represents the block diagram of the
SHA-2 family algorithms. The hash function
execution can be separated into two different
stages [5]. In the preprocessing stage,
the message is padded into a multiple of 512
or 1024 bits then parsing the padded message
into N message blocks B°,B',...,B"™, where
block size is 512 or 1024 bits. And in the
hash computation stage, for each message
block B;, beginning with the message's

schedulew,, the next processes (1-4) are
carried out to calculate the hash values H|to
H. for the i block [5].

\1:.“19. whuhlh.r Padded

\Iu\ ige

Hash processing unit (lterative processing)

Figure 4. Working process of the SHA-2
family algorithm

3. LITERATURE REVIEW

Rashid et al. conducted a comparison
study of hash algorithms to assess their
effectiveness in ensuring secure data
deduplication in cloud storage. The
algorithms MD5, SHA-1, SHA-256, and
SHA-512 have been evaluated based on
components like hash value size, collision
resistance, and processing time. The findings
showed that SHA-256 and SHA-512
presented better results in both collision
resistance and hash value size, but MD5 and
SHA-1 showed faster computation time [6].

A study by Pandya performed a
comparative analysis of the efficiency of
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Blake3, SHA-256, and SHA-512 hash
algorithms over various hardware platforms.
The researchers evaluated metrics such as
hash rate, throughput, and memory
utilization. The results indicated that Blake3
exhibited better results in terms of
throughput and latency compared to SHA-
256 and SHA-512. However the strength of
this benefit differed based on the specific
hardware and size of the input [7].

Chirag et al. proposed a blockchain-
based decentralized messaging app to
prevent misinformation and enhance security
in educational systems. Their DMApp
simply enables authorized individuals to
exchange messages that are both safe and
resistant to manipulation. The decentralized
nature and authenticity features enable the
identification of the original author of any
misleading data. The authors highlighted the
possible uses of blockchain and smart
contracts in enhancing reliability and safety
in decentralized messaging platforms [8].

5. RESULTS AND DISCUSSION

The implementation was carried out
using Javascript, React, and Solidity and
provided the performance results of hash
algorithms.  This  language  provides
established classes for several algorithms,
such as MD5, SHA-1, SHA256, SHA384,
and SHA512 for decentralized messaging
platforms. The performances of algorithms
are calculated on the basis of Execution time,
and throughput. Execution time refers to the
duration an algorithm takes to process a
given amount of data. The execution time of
the algorithms in a decentralized messaging
platform can be estimated by using the
following formula:

Where,

C = Number of cycles required to Number of
cycles required to compute algorithm for
a single byte

B = Total number of bytes to be hashed

F = Clock frequency of the processor (in Hz)

T = Execution time (in seconds)

Throughput generally refers to the rate at
which data is processed, indicating the
efficiency of each algorithm. The throughput
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of the algorithms in a decentralized messaging
platform can be calculated by using the
following formula:

TotalBytesHashed

Throughput =
ghp T

Execution time of the Algorithms in Decentralized Messaging
Platform

800 1500 3000 6000 10000
Text Size(KB)

=O=MD-5 SHA-1 ==O==SHA-256 SHA-384 ~—O=SHA-512

Figure 5. Execution time of the algorithms
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Figure 6. Throughputs of the algorithms

In our system, various sizes of text file
inputs are used to find the performance such as
execution time with milliseconds, and
throughout with bit per second as shown in
Figures 5 and 6. The text files from 1000 kb to
10000 kb are given as input to each algorithm
one by one. Figures 5 and 6 represent the
throughput of various hash algorithms MD5,
SHA-1, SHA-256, SHA-384, and SHA-512
used in a decentralized messaging platform,
measured in bits per second (Bits/S) across
different text file sizes (KB). MD5 and SHA-1
exhibit relatively low execution times,
indicating their faster processing speeds.
However, they are less secure than the SHA-2
family algorithms. SHA-256 offers a balanced
performance with moderate execution times,
making it a suitable choice for applications
requiring both security and efficiency. SHA-
384 and SHA-512, while providing the highest
level of security, have the longest execution
times, particularly noticeable with increasing
data sizes. This indicates that these algorithms
require  more computational  resources,
resulting in longer processing durations.
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Figure 6 shows that SHA-256 and SHA-
512 have the highest throughput, particularly
for smaller text sizes (800 KB and 1500 KB),
making them more efficient in handling data
compared to other algorithms. As the text file
size increases, the throughput for all
algorithms tends to decrease, but SHA-256 and
SHA-512 still maintain relatively high
performance. MD5 and SHA-1, while faster in
terms of processing time, show significantly
lower throughput, indicating that despite their
speed, they process less data per second due to
their simpler cryptographic functions. This
data suggests that SHA-256 and SHA-512 are
more suitable for applications requiring higher
data processing rates and stronger security,
such as in decentralized messaging systems
where data integrity and speed are crucial.

Figure 7. Decentralized Messaging Platform

5. CONCLUSIONS

MD-5 and SHA-1 in our messaging
platform have high throughput due to their
simpler cryptographic operations. However,
these algorithms are considered insecure for
critical applications due to vulnerabilities like
hash collisions. On the other hand, SHA-256,
SHA-384 and SHA-512 provide much stronger
security but at the cost of higher execution
times and lower throughput, making them less
suitable for real-time applications. SHA-256
offers a balance between performance and
throughput, making it a preferable choice for
decentralized messaging platforms. Future
work should focus on addressing scalability
issues and exploring the integration of other
cryptographic techniques to further enhance
the security and efficiency of decentralized
sharing systems. By continuing to innovate in
this field, we can build more robust and
trustworthy decentralized networks that meet
the growing demands of our digital world.
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ABSTRACT

The purpose of this experiment is to conduct
synthesis of silver nanoparticles and explore their

shape stability that affects optical property
(referred to as localized surface plasmon
resonance  (LSPR). Silver nanorods have

successfully synthesized by seed-mediated growth
method. In this study, materials were used silver
nitrate (AgNO:s) as a precursor,
polyvinylpyrrolidone (PVP) as a capping agent and
cetyltrimethylammonium bromide (CTAB) forms a
bilayer structure around silver nanorods. The
focus of this study was mainly placed on the effect
of strong reducing agent (NaBH.) and capping
agent concentration on the size and optical
extinction of nanorods by UV-vis
spectrophotometry and field emission scanning
electron microscopy (FESEM).

KEYWORDS
nanorods, reducing agent, UV-Vis, FESEM.

1. INTRODUCTION

Nanostructures have been extremely attractive
because of their unique properties (e.g.,
optical, electronic, magnetic and chemical
properties) and potential applications in
nanoscience and nanotechnology. Important
scientific and technological advances based on
understanding, control of properties, process at
the scale of atoms, molecules (nanometer
scale) are taking place in laboratories around
the world.  Nanoparticles are usually the
particles of size 1nm to 100 nm [1].
Physicochemical properties of nanoparticles

om
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such as mechanical, chemical, magnetic,
optical or electrical properties are different
compared to bulk materials for the volume to
surface ratio.

In nanotechnology, nanorods are morphology
of nanoscale objects. Each of their dimension
ranges from 1-100 nm. One-dimensional
(1D) metal nanostructures, such as nanorods,
nanowires and nanotubes, have been a focused
issue of intensive research because of their
unique electrical, optical, magnetic, catalytic
and other properties being distinctly different

from their bulk counterparts. These
fascinating  properties of nanomaterials
strongly depend on size, shape of
nanoparticles, their interactions  with

stabilizers and surrounding media and also on
the manner of their preparation [2]. Among
the known nanoparticles, silver (Ag) is widely
studied because of its characteristic optical and
catalytic properties.

Preparation of metal nanostructures such as
gold or silver of various shapes is very
attractive for applications in plasmonics and

Sensorics. Plasmonic photovoltaics use
plasmonic effects inherent to metallic
nanostructures to enhance the power

conversion efficiency of photovoltaic devices.
In particular, gold and silver nanoparticles
(NPs) strongly absorb light in the visible
region as a result of the surface plasmon
resonance. The resonance wavelength
depends on the nanoparticle size and shape,
aggregation state as well as the dielectric
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constant of the surrounding medium [3]. The
optical properties are related to the interaction
between the metal conduction electrons and
the electric field component of the incident
electromagnetic radiation, which in the case of
a few metals, such as gold and silver, leads to
strong, characteristic absorption bands in the
visible and near-infrared region of the
spectrum, but not observed in the bulk
material. Nowadays, the silver nanostructure
research is currently an area of intense
scientific research, due to a wide variety of
potential applications in fields such as
mechanics, chemical industries, electronics,
energy science and catalysis [4].

The various methods have been actively
explored for the synthesis of 1D
nanomaterials, including template method,
seed-mediated growth method, wet chemical
method, chemical reduction method and
polyol reduction method. For instance, silver
nanorods have been synthesized by seed-
mediated growth method. The seed-mediated
method is a method to produced metal colloids
by heating technique using salt and a solvent
like ethylene glycol (EG) and distilled water
(DI). The capping agents are generally used to
stable the particle and play a role as shape
control through selectively binding the facets
of nanocrystal [5]. In this experimental
technique, the temperature is the most
important parameter in controlling nanorod
growth due to the Kinetic control of the
reaction.

The main objective of the present work is to
investigate the effect of strong reducing agent
on optical extinction and size of Ag NRs. The
UV-vis spectrophotometry shows the optical
extinction spectra of the Ag NRs. In the case
of silver nanorod, the plasmon resonance splits
into two modes: one is longitudinal mode and
another one is transverse mode. The
resonance frequencies as well as the width of
the plasmon absorption band depend on the
nanoparticles size. The field emission
scanning electron microscopy (FE-SEM)
images show the morphologies and sizes of Ag
NRs and highly depends on the aspect ratio
(i.e. length divided by width) of the nanorods.
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2. PREPARATION
NANORODS

OF SILVER

2.1 Mechanism for the Formation of
Silver Nanoparticles

The formation of silver nanorods by seed-
mediated growth method involves at least two
steps: first, the preparation of small size
spherical silver nanoparticles (silver seed
solution), and second, (silver growth solution)
growth of the prepared spherical particle in
surfactant (ethylene glycol) media. In the first
step, silver nanoparticles with diameters on the
order of 6 nm were formed by chemical
reduction of AgNO; with a strong reducing
agent such as NaBH; in the presence of
sodium citrate to stabilize the nanoparticles.
Silver nanorods (AgNRs) were synthesized by
reduction of silver nitrate with EG in the
presence of Ag seeds and PVVP. The procedure
was briefly described as follows: 30 mL of EG
was refluxed in a three-necked round-bottom
flask at  140° C (equipped with magnetic
stirring bar). Silver nitrate solution measuring
35 mL (0.1M, in EG) and 50 mL of PVP
solution (1.0 M, in EG) were simultaneously
injected drop wise into the hot solution. The
reaction mixture was heated for 1 h at 140°C.
And then, reaction mixture was cooled to
room temperature, diluted with acetone, and
centrifuged several times at 1500 rpm for
20 min. A precipitate remained, and removal
of the supernatant. The flow charts and
preparation steps of the Ag NRs are shown in
Figure 1(a-b).

Silver Nitrate solution

35 mL (0.1M, in EG) (1.0 M, in EG)

50 mL of PVP solution

30 mL of EG

Heating and stirring
140°C, 1 h

| Centrifuged at 1500 rpm for 20 min |

l Obtained Silver Nanorods |

(a)
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Seed solution  Silver nanorods

Figure 1 (a-b). The flow charts and preparation
steps of the Ag NRs

3. CHARACTERIZATION METHODS

The characterization methods consist of UV-
vis spectrophotometry, scanning electron
microscopy (SEM) and cyclic voltammetry
(CV).

3. 1 UV-Vis Spectrophotometry

UV-vis spectrophotometry is a technique to
measure absorbance of the sample in the
visible region. The UV-vis absorption spectra
were measured at room temperature using the
GENESYS 10S UV-vis spectrophotometry,
Figure 2. The scanning ranges of Ag NRs
were recorded from 300 nm to 1000 nm. A
glass substrate was used as baseline scanning
before the measurement. Baseline
measurement was made with distilled water as
reference solution.

3.2 Scanning Electron
(SEM)

Silver nanoparticles solution was transferred
onto the silicon substrate by a transfer dip-
coating method. Ag NPs solution will run
over the wafer relatively, producing thin film
of Ag NPs. Scanning Electron Microscopy
(Agilent 8500 SEM) in Figure 3 is an
instrument, which is used to observe the
surface morphology and size of Ag NPs at
higher magnification, higher resolution and
depth of focus compared to an optical
microscope. We described the size of the
silver nanoparticles using Image J software
from the SEM micrographs. To perform these
measurements, we used dip-coating method.
Firstly, a thin film was washed in DI water to
remove the excess surfactant and dispersed in
PIA solution. After that, this thin film was
dipping into the Ag NPs solution and dried in

Microscopy
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air. The morphological features of metal NPs
assembled on Si substrate by SEM. The shape
of nanostructures could be observed clearly
under SEM.

Figure 2. UV-vis Spectrophotometry
(GENESYS 10S)

Figure 3. Scanning Electron Microscopy

(SEM)
4. RESULTS AND DISCUSSION
In this research, the synthesis and

characterization of silver nanorods (Ag NRs)
of the present work.

4.1 Effect of Strong Reducing Agent
(NaBHa)

In the case of silver nanorods, electron
oscillation can occur in one of two directions
(along the short and long axes) depending on
the polarization of the incident light. The
excitation of the surface plasmon oscillation
along the short axis induces an absorption
band in the visible region at wavelength
similar to that of silver nanospheres
/nanopraticles, referred to as the transverse
surface plasmon resonance (TSPR) band. The
excitation of the surface plasmon oscillation
along the long axis induces a much stronger
absorption band in the longer wavelength
region, referred to as the longitudinal surface
plasmon resonance (LSPR) band. While the
transverse band is insensitive to the size of the
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nanorods, the longitudinal band is blue-shifted
with decreasing aspect ratio (length/width).
The morphology and aspect ratio of the silver
nanorods strongly depend on the reducing
agent concentration. We studied the effect of
strong reducing agent on transverse surface
plasmon resonance (TSPR) and longitudinal
surface plasmon resonance (LSPR) band
properties of Ag NRs.

Figure 4 shows the absorption spectra of
Ag NRs with different soft reducing agent
concentrations (PVP-1% up to 8%). This
figure shows a broad absorption band one at
Amax = 420 nm and another at 570 nm which is
due to the oscillation of conduction band
electrons as the surface plasmon resonance. In
this case, the broad absorption band exhibits
that the final product should be the presence of
both silver nanorods and dispersive particles.
Upon increasing PVP concentration, both
LSPR and TSPR peak increased with
absorbance values 0.185 up to 0.190.
However, LSPR and TSPR peak intensity
significantly increased which can be attributed
to higher surface charge density of Ag NRs
induced by PVP, thus expecting the smaller
diameter of Ag NRs. The highest maximum
absorption peak was observed at 8% of PVP
concentrations.

Figure 5 shows the absorption spectra of
Ag NRs in ethylene glycol solvent with
different strong reducing agent concentrations
(NaBHs-1% up to 8%). This figure shows a
broad absorption band one at Amax = 420 nm
and another at 550 nm which is due to the
oscillation of conduction band electrons as the
surface plasmon resonance. Upon increasing
NaBH, concentration, both LSPR and TSPR
peak increased with absorbance values 0.236
up to 0.243. However, LSPR and TSPR peak
intensity significantly increased which can be
attributed to higher surface charge density of
Ag NRs induced by NaBH., thus expecting the
smaller diameter of Ag NRs. The highest
maximum absorption peak was observed at
8% of NaBH4 concentrations.

Figure 6 shows the absorption spectra of
Ag NRs in ethylene glycol solvent with
different reducing agent concentrations (AA-
1% up to 8%). This figure shows a broad
absorption band one at Amax = 430 nm and
another at 556 nm which is due to the
oscillation of conduction band electrons as the
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surface plasmon resonance. Upon increasing
AA concentration, both LSPR and TSPR peak
increased with absorbance values 0.63 up to
0.78. However, LSPR and TSPR peak
intensity significantly increased which can be
attributed to higher surface charge density of
Ag NRs induced by AA, thus expecting the
smaller diameter of Ag NRs. The highest
maximum absorption peak was observed at
8% of AA concentrations.

Figure 7 shows the comparative study of
optical absorption spectra of Ag NRs with
different reducing agent concentrations 8 %
(PVP and NaBH4, AA). According to the
above results, the highest optical absorption
peak was observed with AA reducing agent.
The optimum condition of silver nanorods was
observed at concentration 8 % and reducing
agent (AA).

0.20

Silver Nanorods

Increased soft reducing agent concentration(PVP)

o

[N

(o]
1

Absorbance

0.161

400 500 600 700 800
Wavelength (nm)
Figure 4. Optical absorption spectra of Ag
NRs with different soft reducing agent
concentrations AA (ImM-8mM)
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Silver Nanorods

Increased strong reducing agent
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Figure 5. Optical absorption spectra of Ag
NRs with different reducing agent
concentrations NaBH4 (ImM-8mM)
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Silver Nanorods
Increased soft reducing agent concentration (AA)

Absorbance

300 400 500 600 700 800
Wavelength (nm)

Figure 6. Optical absorption spectra of Ag
NRs with different reducing agent
concentrations AA (ImM-8mM)

Silver Nanorods with Different Reducing Agents
(8%)
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o o
(o)) [o¢)

o
~

o
N

300 400 500 600 700 800 900
Wavelength (nm)

Figure 7 Optical absorption spectra of Ag NRs
with different reducing agent concentrations
8% (PVP and NaBH4, AA)

4.2.  Size Analysis of Silver Nanorods

In order to determine the size of Ag NRs, field
emission scanning electron micro
spectroscopy (FESEM) images were acquired.
Figure 8 (a-c) shows FESEM images of Ag
NRs with reducing agent concentration 8 %
(PVP and NaBH.).The obtained sample
possesses many amorphous particles and small
rods. When the molar ratio was increased 8 %,
the sample possessed a number of silver
nanorods with a random orientation; the
diameter and length of rods were uniform. The
average diameter of nanorods was observed at
950 nm with PVP and 800 nm for NaBH4 and
780 nm for AA. According to the FESEM
results, the smaller diameter of AgNRs was
observed with AA. The results observed from
FESEM agrees well with our speculation that
increased absorption band (LSPR) of NRs
with AA would produce smaller diameter of
Ag NRs.
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reducing agent PVP (8%).
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Figure 8. (b) FESEM images of Ag NRs with
reducing agent NaBH, (8%).
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Figure 8. (c) FESEM images of Ag NRs with
reducing agent AA (8%).

4.3 Stability Study of AgNPs (Reducing
Agent concentration 8 %)

In order to examine the stability of AgNR
colloids, we investigated the optical properties
of colloidal AgNRs upon aging for 0-21 days.
Figure 9 shows the absorption spectra of as-
obtained and aged AgNRs colloid (reducing
agent PVP concentration 8%). Upon ageing
for 3 days up to 15 days, the color and peak
position of AgNRs remained unchanged. The
optical absorption peak intensity increased.
After ageing up to 15 days, the optical
absorption peak intensity decreased. This
ageing study indicated that AgNP colloids
were stable only up to 15 days for reducing
agent concentration 8 %.
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Figure 10 shows the absorption spectra of as-
obtained and aged AgNRs colloid (reducing
agent NaBH, concentration 8%). Upon ageing
for 3 days up to 18 days, the color and peak
position of AgNRs remained unchanged. The
optical absorption peak intensity increased.
After ageing up to 18 days, the optical
absorption peak intensity decreased. This
ageing study indicated that AgNR colloids
were stable only up to 18 days for reducing
agent concentration 8 %.

Figure 11 shows the absorption spectra of as-
obtained and aged AgNRs colloid (reducing
agent AA concentration 8%). Upon ageing for
3 days up to 15 days, the color and peak
position of AgNRs remained unchanged. The
optical absorption peak intensity slightly
increased. Increased peak intensity can be
attributed to the higher concentration of
surface electrons in aged AgNR colloids.
After ageing up to 15 days, the optical
absorption peak intensity decreased. This
ageing study indicated that AgNR colloids
were stable only up to 15 days for reducing
agent concentration 8 %.

Stability Study of AgNPs
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300 400 500 600 700 800 900
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Figure 9. Absorption spectra of as-prepared
and aged AgNPs colloid (reducing agent
concentration 8 %)
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Figure 10. Absorption spectra of as-prepared
and aged AgNPs colloid (reducing agent
concentration 8 %)

69

Stability Study of AgNPs
AA concentration-8%
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Figure 11. Absorption spectra of as-prepared
and aged AgNPs colloid (reducing agent
concentration 8 %)

5. CONCLUSION

For application of nanorods in photovoltaic
device, the smaller diameter of nanrods was
used. It can be attributed to the good light
harvesting properties of silver nanorods. Silver
nanorods were developed by seed- mediated
growth method where the size and shape of
nanostructures can be easily controlled by
varying the concentration of reducing agents.
In this work, the effect of strong and soft
reducing agent on size and optical extinction
of silver nanords was mainly investigated.
Upon introducing strong reducing agent PVP,
NaBHs, AA (1% up to 8%), the optimum
absorption peak was observed at molar ratios
8%. From FESEM images, the average
diameter of nanorods was observed at 950 nm
with PVP and 800 nm for NaBH. and 780 nm
for AA. The stability of Ag NRs was observed
at 15 day for PVP, AA and 18 day for
reducing agents NaBHs. This  work
demonstrates that, the reducing agent (NaBH,)
plays a key role in tuning the size and shape of
nanostructures, thus improving the optical
extinction properties.
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ABSTRACT

There is an increasing demand commercially for
the bio synthesis of metallic nanoparticles, due to
its catalytic property and wider application in
medicine, pharmaceutical, agriculture. Colloidal
silver nanoparticles (AgNPs) were synthesized by
chemical reduction method. In this case, surface
plasmon resonance (SPR) band, size and surface-
morphological properties of silver nanoparticles
were explored with different reducing agent
concentration of Red Silk Cotton petal of flower
(1:1,1:2,1:3,1:4 and 1:5). Dry and Fresh Red Silk
Cotton (Bonmbax Ceiba) petal of flower was used
as a reducing agent to compromise the SPR band
and size of AgNPs. According to the UV-Vis
results, the optimum concentration was observed at
ratio (1:2) for dry and (1:4) for fresh Red Silk
Cotton petal of flower extracts. In FESEM results,
the average sizes of colloidal silver nanoparticles
are around ~ (50 -70) nm for different reducing
agents concentration (1:1 — 1:2) for dry and (1:1 -
1:4) for fresh Red Silk Cotton petal of flower. The
excess amount of reducing agent could not favored
the smaller nanoparticles size. And then, Atomic
Force Microscopy (AFM) study indicated the
AgNPs coated- TiO, films exhibited single phase
structure. The surface roughness of thin films was
increased from ~ 50 nm up to ~ 70 nm due to the
higher reducing agents concentration, the films
surface is porous. In XRD analysis results, the
reflection peaks are indexed as the fcc (111), (200),
(220), and (222) planes, indicating that the silver is
well crystallized.

KEYWORDS

Reducing agent, green synthesis, natural dyes,
silver nanoparticles.
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1. INTRODUCTION

Important  scientific and  technological
advances based on understanding and control
of properties and process at the scale of atoms
and molecules (nanometer scale) are taking
place in laboratories around the world.
Nanostructures have been extremely attractive
because of their unique properties (e.g.,
optical, electronic, magnetic and chemical
properties) and potential applications in nano-
science and nanotechnology. Nanoparticles
are usually the particles of size 1 nm to 100
nm. Physicochemical properties of
nanoparticles such as mechanical, chemical,
magnetic, optical or electrical properties are
different compared to bulk materials for the
volume to surface ratio.  Adjusting the
stabilizer concentration and selecting the
proper stabilizer agents, would result in the
stability of colloidal nanoparticles

Recently, metallic nanoparticles (NPs) were
introduced into organic photovoltaic (OPV)
devices for highly improved light harvesting
by utilizing the localized surface plasmonic
resonances (LSPR) of metallic NPs. The
influence of NPs on charge separation and
transport inside high efficiency bulk hetero
junction (BHJ) solar cells still needs to be
explored in depth. The incorporation of silver

nanoparticles  exhibited the  following
advantages:  broader  light  absorption
enhancement than single NPs, enhanced

exciton generation rate and dissociation
efficiency, and increased charge carrier
density and lifetime [2].
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Commercially available dyes are sources of
environmentally hazardous organic
compounds that affect both the aquatic life and
human health. Biological degradation of these
dyes seems to be in effective due to its varied
composition of organic compounds. This study
was carried on to investigate the role of
aqueous extract of Red Silk Cotton petal of
flower in the green synthesis of colloidal silver
nanoparticles. The synthesized nanoparticles
were optimized for various parameters like
temperature and concentration. The
optimization  was followed by
characterization; the silver nanoparticles were
taken for UV -Vis Spectroscopy analysis,
Field Emission Scanning Electron Microscopy
(FESEM) study, Atomic Force Microscopy
(AFM) and X-Ray Diffraction (XRD) to
characterize the synthesized particles. Thus the
objective of current study, aims to understand
the synergistic interaction of reducing agents
concentration and SPR band with the Silver
nitrate solution for the formation of silver
nanoparticles.

2. EXPERIMENTAL WORK

In this section deals with the extraction of
natural dyes, the green synthesis and
characterization of colloidal silver
nanoparticles (Ag NPs) with different Red Silk
Cotton petal of flower of the present work.

2.1. Extraction of Natural Dyes from
Red Silk Cotton Petal of Flower

Fresh Red Silk Cotton (Bombax ceiba) petals
were collected from the Ngwe Taw
Tarwomen’s hall, Pakokku University. Fresh
petals of flower washed thoroughly with tap
water to remove the dust and dirt particles and
drying in the sun. Dry Red Silk Cotton petals
were crushed with the help of mortar and
pestle and then this powder was preserved for
experimental work.1% petals of flowers
powder was mixed with 100 ml ethanol in 250
ml Borosil beaker and stirred for about 2
minutes. Similarly, the other concentrations
(1:2, 1:3, 1:4 and 1:5) of petals powder were
also mixed with each 100 ml ethanol. The
extract solution was filtered through filter
paper (pore size > 0.5um), collected and kept
at room temperature. And then Silver
nanoparticles are synthesized from silver
nitrate (AgNOs) by using aqueous bio-extract
of petals of dry and fresh Red Silk Cotton
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petal of flowers as reducing agent. The
flowcharts of natural dyes extracted from dry
and fresh Red Silk Cotton petal of flowers as
shown in Figure 1.

Bombax Ceiba pefal
(Sample Collection)

|

Washing

l

Drying at sun light
About 3 days

L4

Cutting a small pieces

1

Mixing with Ethanol)
Sturing for
abont 2 min

Filtration
(Optical Characterization)

Figure 1. Flowcharts of natural dyes extracted
from Red Silk Cotton petal of flower

2.2. Green Synthesis of Colloidal Silver
Nanoparticles (AgNPs)

In the case of nano-metal particles, colloidal
silver nanoparticle (AgNPs) solutions have
been developed by a green synthesis method.
For the preparation of silver nanoparticles
(AgNPs) colloids, silver nitrate (AgNO3) and
natural dyes solution were used, as a metal salt
precursor and reducing agents, respectively.
(1 g) of dry petal of flowers was added to 50
ml of ethanol solvents while 0.3 g of AgNO3
was added to 500 ml Brosil beaker. And then
these two solutions are mixing and stirring for
about 2 min. The color of the solution
changed from yellow to brown reddish color,
indicating the formation of colloidal silver
nanoparticles. In another study, natural dyes
concentration was changed (1:1 up to 1.5)
while silver salt concentration (1 mM) was
kept constant during this experiments. The
flowcharts and experimental setup for the
synthesis of colloidal AgNPs of the present
work are shown in Figure 2 (a-b).
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AgNO; (0.01 M) + 100 ml Ethanol
(Starting materials)

=

extract solution
(1%,2%,3%,4%,5%)

Bombax Ceiba petal of flower

(Reducing agent concentration

Mixed solution

Vigorously stirred for 2 min

| Colloidal silver nanoparticles | (a)

Figure 2. (a) Flowcharts of the preparation
steps for colloidal AgNPs

Dry Bombax Ceiba petal

Silvernitrate

Stirring for about 3 min

i

¥ Y vy -

- @
Silver Nanoparticles Solution
Figure 2. (b) Preparation steps of Colloidal
AgNPs with different Dry and Fresh Red Silk
Cotton petal of flower

2.3. Characterization of Colloidal Silver
Nanoparticles

The characterization methods used are UV-vis
spectrophotometry, field emission scanning
electron microscopy (FESEM), Atomic Force
Microscopy (AFM) and X- Ray Diffraction
(XRD) respectively. UV-Vis
Spectrophotometry is a technique to measure
either absorbance or transmittance of the
sample in ultraviolet and visible region. The
surface Plasmon properties of colloidal
nanoparticles were measured by UV-Vis
spectrophotometer: GENESYS 10S UV-Vis
(Materials Research Lab, Department of
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Physics, and University of Mandalay) as
shown in Figure 3.

Silver nanoparticles solution was transferred
onto the silicon substrates by a transfer dip-
coating method. The surface morphological
features of metal nanoparticles assembled on
Si  substrate by field-emission scanning
electron microscopy: Agilent 8500 FE-SEM
(Defence Services Science and Technology
Research Centre (DSSTRC), Pyin Oo Lwin) as
shown in Figure 4. The 8500 FE-SEM
software runs on this computer and provides
point-and-click operation, configuration and
status monitoring of the 8500 FE-SEM. The
images were obtained at an operating voltage
of 1000 V and a current of 2.2 A. The sizes of
silver nanoparticles were estimated from
FESEM image by using “image j” analyzing
software.

X-Ray Diffraction (XRD) is a non-destructive
technique to measure the crystal structure of
powder or film and the crystallite size (grain
size) of the sample. The structural properties
of AgNPs was investigated by X- ray
diffractometer as shown in Figure 5 (RIGAKU
Multiflex) using CuKa radiation (A = 1.5418
A). The 260 scan range was from 30°-70° with a
step of 0.02".

Figure 3. UV-Vis Spectrophotometry
(GENESYS 10S)

Figure 4. Field Emission Scanning Electron
Microscopy (Agilent 8500FE-SEM)
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Figure 5. X-ray Diffraction (XRD)
3. RESULTS AND DISCUSSION

The optical absorption properties, size and
structural of silver nanoparticles (AgNPs)
were explored varying with the volume ratio

of  reducing agents (natural  dyes)
concentrations.

3.1. Optical Absorption  Properties:
Varying Reducing Agents

Concentrations

The surface plasmon properties of colloidal
AgNPs with Red Silk Cotton (Banbax cebia)
petals of flowers were explored varying
concentrations (1:1 up to 1:5). Figure 6 shows
the surface plasmon band of colloidal AgNPs
with different dry Red Silk Cotton petals of
flowers concentration. The surface plasmon
resonance (SPR) peak positions of AgNPs
colloids are observed at 400 nm for natural
dyes concentrations 1:1 up to 1:5. Upon
increasing natural dyes concentrations 1:1 up
to 1:2, the SPR maximum peak of colloidal
AgNPs increased with absorbance values 0.63
up to 0.92. And then, upon increasing 2% up
to 1:5, the SPR maximum peak deceased with
absorbance values 0.45. From the above
observation (increased peak intensity), it is
attributed to the smaller nanoparticles size.
This speculation is supported for the size
estimation of nanoparticles. At the larger
reducing agents concentrations, the surface
plasmon peak of colloidal AgNPs is not strong
enough for the light harvesting process.

The surface plasmon properties of colloidal
AgNPs with fresh Red Silk Cotton petal were
explored varying with  natural  dyes
concentration (1:1 up to 1:5). Figure 7 shows
the surface plasmon band of colloidal AgNPs
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with different reducing agent concentrations.
The surface plasmon resonance (SPR) peak
positions of AgNPs colloids are observed at
420 nm for all volume ratios. Upon increasing
natural dyes concentrations 1:1 up to 1.5, the
maximum SPR peak was observed at 1:4 and
the maximum surface plasmon peak position
remained unchanged. The optimum condition
of AgNPs was observed at ratio 1:2 for dry
and 1:4 for fresh Red Silk Cotton petal of
flower extracts.

Figure 8 (a-b) shows the optical absorption
spectra of colloidal AgNPs with different
concentration of dry Red Silk Cotton petal of
flower (1%, 2%) and fresh Red Silk Cotton
petal of flower (1%, 4%).

Silver Nanoparticles with Dry Red Silk Cotton
Petal of Flower

Increased dyes concentration
—1:1
—12
—13

0.4 —1:4
15
0.2
0.04 T T T
300 400 500 600 700
Wavelength (nm)

Figure 6. Optical absorption spectra of
colloidal AgNPs with different concentration
of dry Red Silk Cotton petal of flower

Silver Nanoparticles with Fresh Red Silk Cotton
Petal of Flower

S
%

Increased dyes concentration
—11
—1:2
—13
—1:4
— 15

Absorbance
=]
(=]

2
i

0.0 T T T T T T -
300 400 500 600 700
Wavelength (nm)

Figure 7. Optical absorption spectra of
colloidal AgNPs with different concentration
of fresh Red Silk Cotton petal of flower

June, 2024



R
ﬁ Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

Silver Nanoparticles with Dry Red Silk Cotton
1 O-L petal of flower
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Figure 8. (a) Optical absorption spectra of
colloidal AgNPs with different concentration

of dry Red Silk Cotton petal of flower (1%,
2%)
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Figure 8. (b) Optical absorption spectra of
colloidal AgNPs with different concentration
of Fresh Red Silk Cotton petal of flower (1%,

4%)

3.2 Size Estimation: Varying Natural
Dyes Concentrations

The surface features of AgNPs were measured
by field emission scanning electron
microscopy (FESEM) varying with natural
dyes concentrations. Figure 9 (a-b) shows the
FESEM micrograph of colloidal AgNPs (dry
Red Silk Cotton petals of flower) with
concentrations 1:1 and 1:2. The average sizes
of colloidal AgNPs are ~ 63 nm for natural
dyes concentrations 1:1 and ~ 51 nm for 1:2.
The average size of AgNPs decreased with
increasing reducing agents concentrations
(natural dyes). Like the optical absorption
result, the smallest average size of colloidal
AgNPs was observed at the natural dyes
concentrations 1:2.

Figure 10. (a-b) shows the FESEM micrograph
of colloidal AgNPs (fresh Red Silk Cotton
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petals of flower) with concentrations of 1:1
and 1:4. The average sizes of colloidal AgNPs
are ~ 58 nm for concentrations ratio 1:1 and
~ 49 nm for ratio 1:4. The average size of
AgNPs decreased with increasing reducing
agents concentrations (natural dyes). Like the
optical absorption result, the smallest average
size of colloidal AgNPs was observed at
natural dyes concentrations 1:4.

Figure 9. (a) FESEM images of colloidal
AgNPs with different concentration of dry Red
Silk Cotton petal of flower (1:1)

Figure 9. (b) FESEM images of colloidal
AgNPs with different concentration of dry Red
Silk Cotton petal of flower (1:2)

Figure 10. (a) FESEM images of colloidal
AgNPs with different concentration of fresh
Red Silk Cotton petal of flower (1:1)
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Figure 10. (b) FESEM images of colloidal
AgNPs with different concentration of fresh
Red Silk Cotton petal of flower (1:4)

3.3. Surface Roughness Properties of
Silver Nanoparticles

The topographies of various surfaces have
been studied in many fields due to the
significant influence that surfaces have on the
practical performance of a given sample. In
viewing, the opportunity to enhance
photovoltaic application, two samples having
different reducing agents concentration. Figure
11(a-b) shows the AFM image of colloidal
AgNPs with dry Red Silk Cotton petal of
flower 1:1 and 1:2. AFM study indicated the
entire AgNPs coated TiO. films exhibited
single phase structure for all films. The surface
roughness of thin films was increased from 50
nm up to 70 nm due to the higher reducing
agents concentration, the films surface is
porous. Figure 12 (a-b) shows the AFM image
of colloidal AgNPs with fresh Red Silk Cotton
petal of flower 1:1 and 1:4. The surface
roughness of AgNPs thin films was increased
from 60 nm (1:1) up to 75 nm (1:4) due to the
higher reducing agents concentration, the
AgNPs films surface is also porous structure.
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Figure 11. (a-b) AFM image of Silver
Nanoparticles films with different dry Red
Silk Cotton petal of flower1:1 and 1:2.

Figure 12. (a-b) AFM image of Silver
Nanoparticles films with different fresh Red
Silk Cotton petal of flower 1:1 and 1:4

3.4. Structural Characterization X-Ray
Diffraction

The X-ray diffraction patterns of the silver
films with Red Silk Cotton petal of flower
concentration (1:1) for dry and fresh,
presented in Figure 13. Figure shows the peak
characteristics of metallic silver nanoparticles
with dry and fresh Red Silk Cotton petal of
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flower extract. The reflection peaks are
indexed as the fcc (111), (200), (220), and
(222) planes, indicating that the silver is well
crystallized. Four different intense peaks
cantered at 20 values of 43.42, 48.4, 67.34,
77.23 indicating cubic phase of silver. There
are no other peaks that no impurities are
detected to indicate the formation of highly
pure silver nanoparticles, which also confirm
the raw material without adding any metal
halide compound.

200 11

150 D m
200
Dry (1:1) |
B \JMMW'».

50

Fresh (1:1)

2 30 40 50 60 0 8

Figure 13. XRD patterns of Ag NPs with dry
and fresh Red Silk Cotton petals of flower
(1:1)

4. CONCLUSION

This plant based green synthesis of
nonmaterial is the progress of eco-friendly
method, for the fabrication of metal-based
nanoparticles. Silver nanoparticles (AgNPs)
colloid was prepared by green synthesis
method.  Optical absorption properties of
AgNPs colloid was explored varying with the
reducing agents concentration (1:1 up to 1:5).
Upon increasing reducing agent (natural dyes)
concentrations, the optimum ratio SPR peak
intensity of colloidal AgNPs was observed at
(1:2) for dry and (1:4) for fresh Red Silk
Cotton petal of flower extracts. Increased SPR
peak intensity may be due to the smaller
nanoparticles formation. The average size of
colloidal silver nanoparticles was obtained
from the field emission scanning electron
microscopy (FESEM) micrograph. The
obtained average size of silver nanoparticles
with dry Red Silk Cotton petal of flower 1:1
and 1:2 are ~ (63 nm - 51 nm) while ~ 58 nm
and 49 nm for fresh extract concentrations 1:1
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andl:4. This observation is agreed with above
speculation UV-Vis results. Thus, selection of
reducing agent concentrations is important to
compromise the surface plasmon resonance
band and the size of nanoparticles. The crystal
structure of colloidal AgNPs was examined
from the wvariation of surface plasmon
resonance peak intensity. In AFM images,
the surface roughness of AgNPs thin films was
increased from ~ 50 nm up to ~ 70 nm both
dry and fresh Red Silk Cotton petal of flower
due to the higher reducing agents
concentration, the films surface is porous. The
reflection peaks are indexed as the fcc (111),
(200), (220) and (222) planes, indicating that
the silver is well crystallized. Four different
intense peaks cantered at 20 values of 43.42,
48.4, 67.34, 77.23 indicating cubic phase of
silver. This proves that it could be a cost
effective way to fabricate the organic -
inorganic hybrid solar cells. In future, these
biogenic fabricated nanoparticles could be
employed in the development of light
harvesting, drug and catalystics.
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ABSTRACT

A new loT-based application is in development to
monitor electric vehicles (EVs) in real-time,
tracking both their locations and battery
monitoring  system and displaying this
information on Google Maps. The system is
designed to deliver accurate and current data on
vehicle positions and battery status, thereby
enhancing  monitoring and  management
capabilities.  An  ESP32  microcontroller
processes and relays data from integrated
sensors, including GPS for location tracking and
a Battery Monitoring System (BMS) for
monitoring voltage, current, and temperature.
Using GSM internet and wireless networks, the
system transmits data to the ThingSpeak API for
storage and analysis. The Leaflet Map library,
combined with Google Maps API, provides
enhanced visualization of vehicle locations and
routes. A web/mobile interface enables real-time
monitoring, route tracking, and geofencing. This
innovative system aims to make vehicle
management more efficient, improve security,
and maintain optimal battery performance,
helping to advance sustainable transportation.
The paper covers the benefits of using loT
technology in managing electric vehicles.

KEYWORDS

IoT, Location Tracking, ThingSpeak API,
Battery Monitoring System, GPS

1. INTRODUCTION

Electric car manufactures are incorporating
advanced technologies including Artificial
Intelligence and loT to enhance efficiency.
Vehicles play a crucial role in transporting
products or goods for many organizations,
yet they face various operational
challenges. Significant efforts are being
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made to replace combustion engines with
electric motors, and integrating loT can
significantly streamline EV performance
and monitor impacts. 10T not only improves
city planning but also simplifies urban
living. The car industry and transportation
sector are experiencing rapid transformation,
driven by advancements in loT, increased
computing  power, and  widespread
connectivity, which also benefit the
environment.

As the quantity of EVs grows, developing a
robust EV charging infrastructure becomes
essential. Fully charged EV batteries can
deliver power back to the grid, allowing
users to earn money. The State of Charge
(SoC), measured using an ESP32 controller,
transmits to the cloud. Users can monitor
their battery status. Batteries have become
to be the preferred form of electrical energy
storage in EVs, and their importance in city
transportation has surged, fostering societal
and industrial  growth. Given the
widespread use of batteries for energy
storage, accurately calculating SoC is
crucial for future developments [1].

A system for tracking vehicles in actual
time employs GPS technology to obtain
vehicle locations, which are processed by a
microcontroller and transmitted via GPRS
technology. This data is displayed in real-
time on a website map powered by Google
Maps, enabling continuous  vehicle
monitoring. This seamless integration of

IoT for wvehicle tracking and battery
monitoring illustrates the potential for
enhanced  operational efficiency and

sustainability in the transportation sector.
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1.1. Benefits of Electric Vehicles

Electric vehicles (EVs) present several
significant  advantages compared to
conventional petrol or diesel cars. [6]

1.1.1. Less Expensive to Operate

One major benefit is the reduced
operational costs, allowing EV owners to
enjoy significantly lower running expenses.
Figure 1 shows the benefits of electric
vehicles.

Figure 1. Benefits of Electric Vehicles

1.1.2. More Environmentally Friendly

Many people opt for electric vehicles
primarily  due to their  superior
environmental friendliness compared to
traditional cars. EVs devoid of an exhaust
system, so they don't produce emissions
like petrol or diesel vehicles. Gas-powered
cars are significant contributors to
greenhouse gas accumulation in the earth’s
atmosphere.  Therefore, using electric
vehicles helps reduce air pollution and
promotes a healthier planet. [5]

1.1.3. Electricity is More Affordable than Gas

When comparing costs, the average
Myanmar spends about 2800 kyats per mile
operating a gasoline-powered car. This may
seem minimal, but it contrasts sharply with
the cost involved in driving an electric car,
which is typically around 100 kyats per
mile due to the lower cost of electricity
compared to gasoline. Additionally, many
EV owners charge their cars at home, and
installing solar panels can further reduce
costs, providing savings on both vehicle
charging and home electricity.
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1.1.4. Lower Maintenance Costs

Gasoline-powered cars require extensive
maintenance, starting with regular oil
changes and extending to numerous other
tasks related to the combustion engine.
Electric cars, on the other hand, don’t need
oil changes or any maintenance associated
with a gas engine. Components related to
combustion engines are absent in electric
cars, reducing the need for many common
repairs. Additionally, brakes used in electric
vehicles typically last longer, further
contributing to cost savings. When
considering these factors, the financial
advantages of choosing an electric car over
a gasoline-powered vehicle become clear.

1.1.5. Electric Cars Are Generally Quieter

Residents in busy areas are well aware of
how noisy traffic can be, especially during
rush hour. Even vehicles with smaller
engines can contribute significantly to the
overall noise. In contrast, electric vehicles
are almost silent. Their quiet nature has led
some U.S. legislators to propose the
installation of noise-making devices in EVs
to alert pedestrians to their presence,
ensuring safety while maintaining a
peaceful environment. [6]

2. METHODOLOGY
2.1. Location Control System

A location control system determines the
position of a vehicle using technologies like
GPS and other radio navigation systems
that operate via satellites and ground-based
stations.  Utilizing  triangulation  or
trilateration methods, this system calculates
the vehicle's precise location easily and
accurately. [4] Details about the vehicle,
including location, speed, and distance
travelled can be displayed on digital maps
through software accessed via the Internet.
Additionally, data from the GPS unit can be
stored and downloaded to a computer at a
base station for later analysis. This system
is essential for tracking vehicles in actual
time and is gaining popularity among
owners of expensive cars for theft
prevention and recovery.
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The location control system comprises
current  technological hardware and
software components that enable vehicle
tracking both online and offline modes.
The system includes of three fundamental
sections: the mobile vehicle unit, the fixed
base station, and the firmware and
software systems.

2.2. Location Tracking System

The Global Positioning System (GPS) has
significantly influenced various applications
involving positioning, navigation, timing,
and monitoring. The United States,
Department of Defence developed the
Navstar GPS, a space-based navigation
system that functions in all weather
conditions, designed to meet the needs of
U.S. military forces. This system accurately
determines their position, velocity, and time
within a common reference system,
anywhere on or near the Earth continuously.

GPS transmits uniquely coded signals from
satellites, which are then processed by a
GPS receiver. This processing allows the
receiver to precisely determine its position,
velocity, and time within a unified
reference framework, whether on or near
the Earth. The system uses four satellite
signals to compute three-dimensional
positions and to correct the receiver's clock
time offset.

Space Segment '" H

/ \ User Segment

Control Segmen
Ground
Antennas

Monitor Statlons

Master Station

Figure 2. Three Segments of GPS
Figure 2 illustrates the three primary
components of GPS, which are detailed
below:

2.2.1. Space Segment

Figure 3 shows the GPS constellation of
satellites is included in the Space Segment.
The space vehicles (SVs) emit radio signals
from orbit, as illustrated in Figure 4.

:tzr.&:L'u\-.:m *&b = /,\:

Figure 3. GPS Constellation
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Figure 4. GPS Satellite Signals

2.2.2. Control Segment

The Control Segment comprises the global
network of tracking stations. The primary
Master Control facility is located at
Schriever Air Force Base in Colorado,
USA.[4]

2.2.3. User Segment

The User Segment comprises GPS receivers
and user community GPS receivers process
the signals from space vehicles (SVs) to
provide estimates of position, velocity, and
time.

The satellites are arranged across six orbital
paths, following nearly circular trajectories
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at an altitude of about 20,200 Kilometers
above the Earth's surface. These orbits are
tilted at an angle of 55 degrees relative to
the equator and have orbital periods of
approximately 11 hours and 58 minutes,
which is equivalent to half a sidereal day.

2.2.4. Triangulation or Trilateration

The principle of trilateration underpins the
impressive accuracy of GPS navigation. A
GPS receiver determines the travel time of
a satellite signal to Earth, a process that
takes less than a tenth of a second. This
time measurement is multiplied by speed of
radio waves, which is about 300,000 km
(186,000 miles) per second, to calculate the
distance to the satellite.

This distance places the receiver at the
surface of an imaginary sphere with its
canter on the satellite. By repeating this
process with utilizing signals from three
additional satellites, the receiver's computer
can identify the exact point where these
four spheres intersect, thus determining the
receiver's exact longitude, latitude, and
altitude. (see Figure 5)

9
Satellite 1 \‘/_\
|

Figure 5. Triangulation or Trilateration

Although theoretically, three satellite
signals should be sufficient for calculating a
precise three-dimensional location, in
practice, four satellites are used. This
additional satellite helps to correct any
timing errors in the receiver’s clock,
ensuring even greater accuracy.

In 2D trilateration, we use three known
points.

Let:
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(x4 .y, ) represents the coordinates of the
first point.

(x5 ,v, ) represents the coordinates of the
second point,

(x5 ,y5 ) represents the coordinates of the
third point,

d,,d, and d;be the distances from the
receiver to each of these points,

(x,y )represents the coordinates of the
receiver.

The distances are given by:

d; = (x—x,)%+ (y — y,)?
d, = \f'lll:x_xz)E +(y—y2)?
d, = VI(X_XE)E + (y —y3)?

These  equations can be  solved
simultaneously to determine the coordinates
(x, y) of the receiver. Solving these
equations  typically involves  using
numerical methods or  optimization
techniques due to their non-linear nature.[4]

2.3. Battery Monitoring System

Battery Monitoring System (BMS) are
integral to WBMS, Sensors attached to each
cell measure voltage, current, and
temperature, providing the necessary data
to calculate SOC. within the system. This
information  is  processed by a
microcontroller and transmitted to a cloud
platform for real-time monitoring and
analysis. [2] They measure critical
parameters such as:

(a) Voltage: Indicates the SOC and
overall health.

(b) Current: Helps in understanding
charging and discharging cycles.

(c) Temperature: Prevents overheating,
a frequent cause of battery failure.

(d) State of Charge (SOC): Indicates the
remaining battery capacity.

(e) State of Health (SOH): Assesses
long-term usability and capacity
degradation [5].

3. PROPOSED SYSTEM
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Overview the proposed vehicle tracking and
battery monitoring system is shown in
Figure 6. The proposed control system
consists of mainly five parts:

(@)
(b)
(©)
(d)
(€)

GPS satellites,

GSM communication,

Base station Computer

Battery Monitoring System and

Vehicles fitted with the GPS
receiver and GSM Module.

GPS Satellites

4R

Cloud Platform

[]
]

[

46 LTE Mobile
WiFi Hotspot

s

Vehicle fitted with GPS tracking and battery
monitoring system

Based Station and Dashboard
Figure 6. Proposed System Design

In the proposed system, the base station
computer can simultaneously track the
location of vehicle while monitoring their
battery performance and health.

The system design of vehicle tracking and
battery monitoring includes the following
steps:

(@) The process begins with the satellite
transmitting GPS signals, which are
received by the GPS receiver in the
vehicles.

(b) Upon receiving the signals, the GPS
receiver calculates its position using

triangulation.

(c) The accurate position determined by
the GPS receiver is then sent to the
base station computer via a wireless

and GSM network.
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(d) Additionally, the system
simultaneously transmits battery data,
including  temperature,  current,
voltage, and humidity.

() The base station computer displays the
vehicles’ positions on a map and
provides battery performance and

health data.

In the proposed system, Real-time
monitoring in electric vehicles (EVS) is
essential for optimizing battery health and
performance. By continuously tracking
parameters such as temperature, voltage,
and current, potential issues can be detected
early, reducing the risk of catastrophic
failures. For example, monitoring battery
temperature can decrease the likelihood of
thermal runaway incidents by up to 30%.
This proactive approach not only enhances
safety but also extends battery lifespan,
ensuring that the vehicle remains efficient
over time.

In  addition to improving battery
management, real-time monitoring plays a
critical role in range optimization and
energy management. By analysing driving
patterns and environmental conditions,
these systems provide dynamic range
estimates, allowing drivers to make
informed decisions about their trips.
Research indicates that accurate range
predictions can enhance driving efficiency
by 15-20%. For instance, Tesla’s energy
management system adapts in real-time to
optimize battery usage, contributing to an
average range improvement of 5-10%. This
capability helps prevent drivers from
experiencing range anxiety, ultimately

fostering greater confidence in EV
technology.
Moreover, real-time monitoring

significantly benefits fleet management and
environ-mental sustainability. For
commercial fleets, continuous tracking
allows for efficient route optimization and
reduces operational costs by up to 20%. By
providing fleet operators with valuable data

on vehicle status and performance,
companies can maximize vehicle utilization
and minimize downtime. Additionally,
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informing drivers about their energy
consumption can lead to eco-friendly
driving practices, with studies showing that
such feedback can reduce energy use by up
to 15%. This not only contributes to lower
operational costs but also helps decrease
overall emissions, aligning with the
growing emphasis on sustainability in
transportation.

3.1. System Overview

The system's detailed design is outlined in
the following parts is shown in Figure 7.
The GPS module, voltage level sensor,
current flow and temperature and humidity
data are reading from the battery and the
location of the vehicle are sent to ESP-32
microcontroller  for  processing. The
processed data are wirelessly transmitted to
a battery monitoring interface within the
device, as depicted on the dashboard using
a web-based GUI. Once the data transfer is
finalized, the computer’s battery monitoring
interface will showcase the latest battery
status information.

The established framework for battery
monitoring also incorporates a web-based
interface. This graphical user interface
(GUI) tracks the locations of different
battery monitoring devices and
consequently monitors their conditions and
location tracking of the wvehicle. The
interface is designed to handle scenarios
where multiple battery conditions need
simultaneous monitoring.

Sensor Modules Microcontroller Communication System

Temperature and s Message MQTT
Humidity Sensor :_,? P> (messaging protocol)

(Bhi22) Mesage

Current Sensor NodeMCU

(ACST12) (ESP32) —~

Microcontroller

Voltage Sensor
(F031-06)

with built-in

WiFi
,W?I?F?,g,?,,,t S

|| Dashboard
G

EV's Battery |
Personal Computer
;
Android Mobile Application

Figure 7. Block Diagram of Proposed
System Design

\‘ Google Map API

GPS Module
(NEO-7M)

ssae
——>

ISR VTN
—

)N
‘/ThmgSpeak Platform Server
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Input sensors include Voltage sensor,
Current sensor, DHT 22 (Temperature and
Humidity Sensor), Neo7M GPS module
and ESP32 Wireless Module.

(@) A voltage sensor used to monitor the
voltage of a battery, providing real-
time information about its state of
charge. it can be employed to
monitor the output voltage of power
supplies in  various electronic
systems. By continuously measuring
the voltage, the module can detect
any fluctuations or deviations from
the desired value.it can measure 0 to
25V DC Voltages.

A current sensor board is based on
the Allegro ACS712ELCTR-30A bi-
directional hall-effect current sensor
chip that detects positive and
negative flowing currents in the
range of minus 30 Amps to positive
30 Amps. It provides real-time data
on current levels, which is essential
for monitoring and controlling
electrical systems.

(b)

(c) DHT22 temperature and humidity
sensor uses a thermistor to measure
temperature and capacitive humidity
sensor to measure humidity. It has a
single wire digital interface. DHT22
has higher precision and may replace
the expensive imported SHT10
temperature and humidity sensor. It
can measure the environment
temperature and humidity to satisfy
the high demand. The product has
high reliability and good stability.
The DHT22 temperature and
humidity sensor can play a key role
in Electric Vehicle (EV) systems,
particularly in  monitoring the
environmental conditions the battery
and other critical components. EV
batteries are sensitive to temperature
changes. High temperatures can
accelerate battery degradation, while
low temperatures can reduce
efficiency. By integrating a DHT22

sensor, we can monitor ambient
temperature and adjust battery
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management systems accordingly.
The sensor can alert the system to
activate  dehumidifiers or heat
elements when needed.

NEO-7M GPS satellite positioning
module, is a high-performance GPS
receiver designed for precise location
tracking and navigation applications.
It provides accurate positioning data
by connecting to a network of GPS
satellites, delivering information
such as latitude, longitude, altitude,
and speed. It offers enhanced
sensitivity and quick satellite
acquisition  times. It supports
multiple  GNSS  constellations,
including GPS and GLONASS,
which improves its accuracy and
reliability. 10T, GPS data can be used
to track the vehicle’s location when
remote diagnostics are needed. Fleet
operators can remotely analyse the
health of the wvehicle's battery or
other components based on its
location. GPS could be used not only
for tracking the vehicle's location on
a web dashboard but also for offering

valuable insights like battery
efficiency based on route, distance to
charging  stations, and range
prediction.

ESP32 is a powerful microcontroller
that significantly enhances the
functionality of an electric vehicle
(EV) monitoring system by offering
dual-core processing, more memory,
and advanced connectivity options
such as Wi-Fi and Bluetooth. Its
versatility allows seamless
integration of multiple sensors for
real-time tracking of key metrics like
battery voltage, temperature, and
location using GPS, while enabling
efficient data transmission to cloud
servers or local dashboards. The
ESP32’s power efficiency and
security features make it ideal for
managing energy consumption and
ensuring encrypted communication.
Its ability to host web server and
support mobile app connectivity
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further enhances user interaction,
providing real-time monitoring and
control of EV systems.

3.2. System Flowchart of Battery
Monitoring System

The following Figure 8 illustrates the
flowchart showing the working principle of
this proposed system. The system's source
code flows the first step involves
initializing the sensors connected to the
EV's battery. These sensors are tasked with
measuring crucial parameters such as
voltage, current, temperature, and humidity.
The gathered data is essential for evaluating
the battery's state.

~

~
Start

Initialize Sensor Data From EV’s Battery

/ ;
/ Collect Voltage, Current, /
/ Temperature and Humidity

" Temp:andVolt >10

~_ Hum andCurrent>0 _—
\\ //

~
T Yes

Upload the Battery’s Data to Web-based GUI

i

Web-based GUI can notify the user about
critical battery conditions

T

Figure 8. System Flowchart of Battery
Monitoring System

The second step, this system actively
collects real-time data from the sensors.
This stage involves measuring the battery's
voltage and current, as well as the ambient
temperature and humidity using a DHT22
sensor. The collected data is then subjected
to an evaluation process to determine if the
battery's  operating  conditions  meet
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predefined criteria.  Specifically, the
flowchart checks whether the temperature
exceeds a threshold of 10 °C and voltage
exceed a threshold of 10 V and if both
humidity and current are greater than zero.
These conditions ensure safe and efficient
EV operation by monitoring temperature to
prevent thermal issues, voltage to avoid
under-performance or damage, and
humidity and current to maintain optimal
environmental and operational standards.

If the battery status exceeds a predefined
threshold, continuous monitoring occurs.
The ESP32 then uses Wi-Fi to transmit this
information to a web-based GUI, which
allows for real-time monitoring and alerts
users about the battery's condition,
especially if there are any critical issues.
This proposed system provides a clear and
effective method for maintaining EV
battery health, using real-time data and
remote monitoring to ensure the battery
operates safely and efficiently.

3.3. System Flowchart of Vehicle
Tracking Unit

Figure 9 illustrates the system flow of the
vehicle tracking unit in detail. Initially, the
GPS receiver acquires real-time geolocation
data, including latitude, longitude, and
altitude, by communicating with multiple
GPS satellites. This raw data is then
transmitted to the ESP32 microcontroller,
which processes and formats it into
standardized messages suitable for further
transmission. The ESP32 ensures that the
location data is packaged correctly,
including additional information such as
timestamps and vehicle identifiers, if
necessary. After formatting, the ESP32
sends the data wirelessly through a GSM
router connected to a Wireless LAN
network.

This data is uploaded to the ThingSpeak
cloud platform, where it is processed and
visualized in real-time. ThingSpeak’s
integration with Google Maps allows the
base station to display the exact location of
the wvehicle on a map, enabling live
tracking. This continuous flow of data
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ensures that the base station can monitor the
vehicle's movements accurately and in real
time, offering a reliable solution for vehicle
tracking, fleet management, and remote
monitoring applications.

Power On GPS and GSM Router

/ Receive Real-Time Location Data /

Check for GPS >0

/ Get Real-Time Location Data /

|

Sent Location Data to ESP32

|

Transmits Data Through WLAN Via GSM Network

|

Sent Formatted Messages To ThingSpeak Server

|

Display location Data on Google Maps on Base
Station Computer

End
Figure 9. System Flowchart

In our proposed system, where GSM
technology is used to share internet data
like a router, the ESP32 microcontroller
will communicate with the internet via the
GSM module, which acts as a hotspot or
gateway. The GSM module will establish a
connection to the mobile network,
providing internet access and enabling the
ESP32 to transmit data, such as the
vehicle's real-time GPS location, directly to
platforms like ThingSpeak. This setup
allows the wvehicle tracking system to
operate wirelessly and independently of
external Wi-Fi networks, offering flexibility
and mobility for remote monitoring,
especially in areas with GSM coverage.
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Using GSM technology for internet sharing
in a vehicle tracking system has limitations,
including inconsistent coverage in remote
areas, slow data speeds, and high costs
associated with mobile data plans. Latency
can delay real-time updates, and continuous
use may increase power consumption,
impacting efficiency. Additionally, security
vulnerabilities in GSM networks pose risks,
making strong encryption essential to
protect sensitive data.

3.4. System Implementation

The following Figure 10 illustrates the
circuit diagram of Wireless Battery
Monitoring and vehicle tracking system for
electric vehicles, featuring an ESP32
microcontroller, 12V battery, and various
sensors  for monitoring  temperature,
voltage, humidity and current. The Neo7M
GPS Module is connected for get location
data. Additionally, the load model uses a
motor driver module to control four motors.

Figure 10. The circuit diagram of WBMS
and Vehicle Tracking System for EV

Figure 11 illustrates the upper view of the
proposed Wireless Battery Monitoring and
vehicle tracking system for electric
vehicles. This perspective showcases how
each component, including GPS module,
sensors and the ESP32 microcontroller, is
positioned and interacts within the system.

Figure 11. The Upper View of the Proposed
Model

3.5. Implementation Process

The implementation process of a real-time
battery monitoring and vehicle tracking
system for connected WLAN networks
encompasses various essential components
and technologies. This section delineates
the steps and methods involved in the
implementation comprehensively.

Proposed battery monitoring and tracking
system, several robust measures are
implemented, particularly in the web
interface and during communication with
the ThingSpeak API. Data transmission is
secured using HTTPS, encrypting the
information in  transit to  prevent
unauthorized access and eavesdropping.
Authentication  mechanisms, including
unique write APl keys for API requests,
verify the identity of devices sending data,
while sensitive user information in the web
interface is protected through encryption
and secure hashing algorithms for
passwords.

In selecting the software for the EV battery
monitoring and tracking system, Node.js,
Leaflet, and Firebase were chosen for their
specific strengths and alignment with
project requirements. Node.js was selected
for its non-blocking 1/0 model, which
enables efficient handling of multiple
simultaneous connections—crucial for a
real-time application that requires constant
data updates from various sensors.

Leaflet was preferred for its simplicity and
flexibility in mapping; unlike more
complex solutions like Google Maps,
Leaflet offers an open-source platform that
allows for easy integration and
customization without incurring additional
costs.

Firebase was chosen over traditional
databases such as MySQL due to its real-
time data synchronization capabilities,
which provide instant updates to users
regarding battery status and vehicle
location.
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Collectively, these software choices ensure
a robust, scalable, and user-friendly system
that effectively meets the needs of the
project.[7]

3.5.1. Socket.l1O

In this project, Socket.lO, a JavaScript
library, is utilized to create a WebSocket
connection linking the web application with
the backend server. This library supports
real-time, bidirectional communication,
allowing the seamless exchange and
updating of the vehicle's GPS coordinates

[3].
3.5.2. Leaflet

Leaflet, an open-source JavaScript library,
is employed to visualize the wvehicle's
location on the web application. This
library offers mobile-friendly, interactive
maps that are easy to use, highly flexible,
and support customizable map styles.

3.5.3. Firebase

Firebase, a cloud-based platform, functions
as the backend database for storing GPS
coordinates and other pertinent data. It is
chosen due to its real-time database
capabilities, effortless integration with
Node.js, and capacity to manage substantial
data volumes.

3.5.4. Establishing an HTTP Connection

To initiate an HTTP session with the Neo
7M GPS module, Thingspeak read field
data using Read APl key must be
executed. These Thingspeak read field
data are sent to the web application via
Wireless LAN to the base station
computer, utilizing the ESP32
microcontroller using internet.

The workflow includes sending sensor
data from the ESP32 microcontroller to the
WLAN and GSM Router via Thingspeak
Read APl communication. This process
allows the module to set up an HTTP
session by connecting to the network,
configuring  the  connection  type,
specifying the Read APl Key and Channel
ID, reading data from ThingSpeak,
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initializing the HTTP service, and defining
the URL for data transmission. The session
can be concluded using the Thingspeak
Read API communication. [7]

In the context of connected of connected
electric vehicles and GPS based location
tracking technology, the backend server is
essential for data management and
processing. It acquires GPS Latitude and
Longitude coordinates from the connected
electric vehicle through the frontend web-
based application. These coordinates are
sent via an HTTP request and processed
by the backend server, which utilizes
technologies like Node.js and Express.js.
Utilizing GPS data, the backend server
performs real-time tracking and route
optimization. Communication with the
connected vehicle is facilitated using
Socket.10, ensuring seamless and
efficient data exchange. This integration
allows the backend this server to deliver
real-time updates and notifications to
users, guaranteeing precise tracking of the
vehicle's location and movements.

3.5.,5. Web Development

The frontend of the web application is
created wusing HTML, CSS, and
JavaScript. HTML structures the content,
CSS styles the webpage, and JavaScript
adds interactive functionality. Tailwind
CSS, a utility-first framework, speeds up
development by offering pre-defined
utility classes for styling HTML
elements, reducing the need for extensive
custom CSS and class name generation.
Next.js, a React-based framework for
server-side rendering, leverages React
and Node.js to help developers build
scalable and optimized web applications.
It offers features like server-side
rendering, automatic code splitting, static
site  generation, and  performance
optimization. Node.js, an open-source
JavaScript runtime environment, is
selected for its efficient 1/0O capabilities
and its ability to handle numerous
connections simultaneously, making it
ideal for developing both the web
application and the backend server.
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4. RESULTS AND DISCUSSION

In this research, the EV wireless battery
monitoring and tracking system will
undergo testing and simulation using a mini
model powered by a 12V battery. This
model will incorporate various sensors to
measure key parameters such as voltage,
current, and temperature, allowing for a
practical evaluation of the system’s
performance in a controlled environment.

Simultaneously, real-world GPS tests will
be conducted using an actual vehicle to
assess the system's capability to track
location accurately while driving. This dual
approach of simulation and real-world
testing will provide valuable insights into
the system's functionality, reliability, and
effectiveness in monitoring battery health
and tracking vehicle movements, ensuring
that it meets the necessary requirements for
practical applications.

+ Last DtaRacied

longhds (ORHTIR2

Figure 12 (a). Real-Time Vehicle Tracking
on Web Application (Map Start Point)

Last Data Received

Figure 12 (b). Real-Time Vehicle Tracking
on Web Application (Map Middle Point)
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e

Figure 12 (c). Real-Time Vehicle Tracking
on Web Application (Map End Point)

Last Data Received

Date 1 2024-07-28
Time 1 19:59:16
Temperature 130.00 C
Humidity 165.10 %
Voltage :9.00V

Current : 2500.00 mAmps

Latitude :122.042493

Longitude 1 96.446672

Figure 12 (d). Battery Condition Dashboard
Display

Ptenmm,

22.04239 96.44651

Figure 12 (e). Real-time Data Analysis of
using Built in ThingSpeak Dashboard
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Figure 12 (a, b, ¢, d, e) illustrates the real-
time monitoring setup of the Wireless
Battery Monitoring and vehicle tracking
system for Electric Vehicles. The figure
demonstrates the EV driving conditions
and the web-based, real-time display of the
EV’s battery status on a computer
dashboard. Before users can access the
GUI shown in Figure 12 (e), they must
first navigate through a secure login page.
This login page is designed to ensure safe
data handling by requiring users to
authenticate themselves with a username
and password. This security measure
guarantees that only authorized users can
view and manage the Wireless Battery
Monitoring and vehicle tracking system
for Electric Vehicles. The system also
supports data sharing and allows guest
accounts to view the ThingSpeak
dashboard without modifying the data.

The left portion of the dashboard on the
screen  provides live updates on
parameters, including battery voltage,
current, temperature and humidity using
gauge meter and latitude data. The right
side of the dashboard demonstrates
performance graphs and longitude data.
These graphs are showcasing the effective
use of a web-based interface for tracking
and analysing the battery's condition. The
gauge meters and graphs visually represent
this data, allowing uses to monitor the
battery's condition in real-time. The
latitude and longitude data indicate the
position of the electric vehicle and track its
lane position.

Implementing the Wireless Battery
Monitoring System and vehicle tracking
system in electric vehicles can reduce
overall vehicle weight and toxic gas
emissions by optimizing battery usage and
ensuring efficient operation. This system
extends battery life, decreases the demand
for frequent replacements, and lowers
long-term maintenance costs. Real-time
monitoring and predictive maintenance
have the capability to detect issues early,
preventing costly failures and minimizing
downtime. Additionally, optimized
charging cycles enhance energy efficiency,
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while the integration of energy harvesting
technologies  for  sensors  reduces
dependency on the main battery,
contributing to significant cost savings and
environmental benefits.

By analysing real-time sensor data and
applying advanced machine learning
algorithms, the system can detect early

signs of battery degradation and
anomalies.  Adoption this  proactive
strategy enables timely interventions,

extending the lifespan of electric vehicle
batteries and reducing  unexpected
downtimes. The integration of predictive
maintenance not only enhances battery
performance and reliability but also
contributes  significantly to  more
sustainable and cost-effective electric
vehicle operations.

5. CONCLUSIONS

This initiative aimed to design and
implement a Wireless Battery Monitoring
System of electric vehicle and tracking
system of electric vehicles, enabling real-
time monitoring of battery performance.
The project involved developing hardware
and a web-based interface to monitor
battery conditions. Key considerations
included reliability, safety, and
environmental sustainability, which
enhance public perception and customer
satisfaction. By integrating the WBMS,

operators can improve EV reliability,
operational  efficiency, and  public
confidence in electric transportation,

ultimately contributing to a more efficient
and real-time monitoring and data
analysis. The vehicle tracking system can
help prevent theft, assess driver
performance, and enhance safety by
contributing to a sustainable transportation
network.

EV battery monitoring and tracking using
wireless technology hinges on several key
factors. Real-time data transmission is
essential for providing continuous insights
into battery voltage, current, temperature,
and location, while robust communication
protocols like MQTT or HTTP ensure
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efficient and secure data transfer.
Scalability is crucial, allowing for the
integration of additional sensors or features
as needed. Energy-efficient components
help minimize impact on the EV's overall

battery life, and strong data security
measures, such as encryption, protect
sensitive information from unauthorized
access.

A user-friendly interface for monitoring and
real-time alerts for critical battery
conditions enhances safety and usability.
Additionally, geolocation services enable
accurate tracking, and data analytics can

reveal performance trends, optimizing
usage and extending battery lifespan.
Integrating these factors creates a

comprehensive and reliable system for
effective EV battery monitoring and
tracking.

6. FUTURE SCOPE

Future work on the Wireless Battery
Monitoring System (WBMS) and vehicle
tracking system for electric vehicles will
focus on integrating advanced algorithms
and machine learning techniques to
enhance accuracy and efficiency in
detecting battery health issues. These
models will analyse vast amounts of
sensor data, recognize patterns in battery
performance, and predict failures before
they occur, enabling proactive
maintenance and reducing downtime.

Additionally, integrating advanced sensors
for precise monitoring, enhancing data
security with robust encryption, and
implementing real-time analytics  will
further improve WBMS and vehicle
tracking system functionality. Efforts will
also include scaling the system for larger
EV fleets, exploring energy harvesting to
power sensors. This will optimize routes
and ensure safety. Standardizing protocols
and improving the user interface for better
data visualization will ensure a more
efficient, reliable, and secure WBMS and
vehicle tracking system for electric
vehicles.
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ABSTRACT

Roads are fundamental to transportation
infrastructure and daily life, yet accurately
identifying road features from high-resolution
remote sensing images, such as those from Google
satellite imagery, presents substantial challenges.
Recent advancements in Convolutional Neural
Networks (CNNs) have shown promising
capabilities in detecting and segmenting roadways
within these complex images. Among these
advancements, the Residual Network (ResNet)
architecture represents a significant breakthrough
in deep learning by addressing the vanishing
gradient problem, which is particularly common in
very deep networks. This study conducts a
comprehensive evaluation of various loss functions
applied to a custom dataset derived from remote
sensing data via ArcGIS Pro, using Google satellite
imagery, to accurately extract roads in the Pyin Oo
Lwin region. The experiments involve U-Net and a
ResNet50-enhanced U-Net architecture, focusing on
improving road segmentation accuracy with binary
cross-entropy and focal Tversky loss functions.
Through this approach, the study aims to enhance
the precision of road feature extraction in high-
resolution satellite images, with the potential for
significant advancements in road network mapping
and analysis.

Keywords
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Convolutional Neural Networks (CNN), Loss
Functions, Image Segmentation, U-Net, ResNet,
Geographic Information System (GIS), Binary
Cross-Entropy, Focal Tversky

1. INTRODUCTION

The extraction of roads from satellite images is
a critical task with significant implications for
navigation, disaster management, and urban
planning. These images feature various types of
roads, including highways, urban and rural
roads, and byways. However, this task faces
considerable challenges due to factors such as
noise, occlusions, and the complex structure of
road networks.

Currently, road extraction often relies on
manual interpretation, which is time-
consuming and susceptible to inconsistencies
due to subjective judgments. Remote sensing
images are further complicated by issues like
terrain variations, shadows, and occlusions,
making road extraction more difficult.

Recent focus has been on Convolutional Neural
Networks (CNNs), which have garnered
substantial attention and significantly advanced
computer vision while addressing challenges in
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natural language processing. CNNs find
applications in various domains, including
autonomous driving, remote sensing image
analysis, and medical image processing.
Noteworthy architectural innovations in this
field include the Fully Convolutional Network
(FCN) [2] and the U-Net [1].

Image segmentation can be defined as a
classification task at the pixel level. An image
comprises numerous pixels, and groups of these
pixels define different elements within the
image. The process of classifying these pixels
into distinct elements is known as semantic
image segmentation. Selecting the appropriate
loss or objective function is crucial when
designing deep learning architectures for
complex image segmentation tasks, as it drives
the learning process of the algorithm.
Consequently, since 2012, researchers have
experimented with various domain-specific
loss functions to enhance the results for their
datasets.

The satellite imagery used for road extraction is
sourced from Google Satellite imagery and
covers Pyin Oo Lwin region, which spans an
area of 14.508206 square kilometres. The
ground resolution of the image pixels is
10m/pixel.

2. METHODOLOGY

In this paper, our main goal is to train a custom
dataset using specific loss functions within the
U-Net and ResNet50 architectures to achieve
accurate road segmentation from satellite
images, with a particular focus on Google
Satellite images.

2.1. GIS

Geographic Information System (GIS) is a
robust technology that enables the capture,
storage, analysis, and presentation of spatial
data. It merges various types of geographical
information—such as maps, satellite imagery,
aerial photography, and survey data—into a
unified platform. By integrating these diverse
data sources, GIS forms a comprehensive
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database that offers a multifaceted perspective
of geographic regions.

This combined information is georeferenced,
meaning it is tied to specific geographic
locations or coordinates on the Earth's surface,
ensuring precise spatial representation. GIS
technology allows wusers to effectively
visualize, interpret, and understand spatial
patterns and relationships. It supports a broad
spectrum of applications, ranging from urban
planning and environmental management to
disaster response and resource allocation,
making it an essential tool in numerous fields

[3].

2.2 Image Segmentation

Image segmentation plays a critical role in
visual understanding systems, aiming to
produce dense predictions for images by
assigning each pixel to a predefined class label
(semantic segmentation), linking pixels to
specific object instances (instance
segmentation), or combining both approaches
(panoptic segmentation). This process groups
pixels with similar semantics into meaningful
high-level concepts.

Segmentation is widely used in fields such as
medical image analysis, video surveillance, and
augmented reality. Various model
architectures, ranging from Convolutional
Neural Networks (CNNs) to Transformers,
have been  developed for semantic
segmentation. However, achieving optimal
performance in segmentation models depends
on selecting the appropriate network
architecture and objective function [10].

A significant area of research in image
segmentation involves overcoming challenges
such as class imbalance, limited datasets, and
noisy, biased, and inconsistent labels. This is
accomplished by developing robust loss
functions that facilitate the joint optimization of
model parameters.

2.3 U-Net Architecture
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The U-Net architecture leverages the principles
of fully convolutional neural networks to
effectively capture context-based features and
ensure accurate localization. It consists of two
main components: the encoder and the decoder,
which make up the first and second halves of
the model, respectively. The encoder, also
known as the contracting path, is responsible
for extracting features from the input image. In
the U-Net architecture, the encoder utilizes two
consecutive blocks of 3x3 convolutions without
padding, followed by a rectified linear unit
(ReLU) activation function, and 2x2 max
pooling with a stride of 2 for down-sampling.
This down-sampling process encodes the input
image into feature map representations at
different levels, doubling the number of
features at each step.

On the other hand, the decoder, or expansive
path, forms the second part of the U-Net
architecture. Its goal is to reconstruct the
segmentation by mapping the discriminative
features learned by the encoder back into the
pixel space, thereby achieving higher
resolution. Each step in the decoder involves
up-sampling the feature map, followed by a 2x2
up-convolution that reduces the number of
feature channels by half. Additionally, the
feature maps cropped from the corresponding
layers in the contracting path are concatenated
with the up-sampled feature map. This is then
followed by two consecutive 3x3 convolutions,
each with ReLU activation. The U-Net model
comprises a total of 23 convolutional layers.

Originally introduced in 2014 for the semantic
segmentation of biomedical images, the U-Net
model applies the concept of per-pixel
classification. It is widely used in medical
imaging to localize specific parts of an image,
typically where abnormalities are present. In
semantic segmentation, unlike classification,
the input and output have the same shape,
allowing for precise localization of objects or
areas of interest. The architecture of U-Net is
illustrated in Figure 1, and the flowchart of the
road extraction system from satellite images is
shown in Figure 2.
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Figure 2. Flowchart of Satellite Images
Segmentation System Design

Figure 3. Flowchart of Satellite Images
Segmentation System Design

2.4 Residual Network

The ResNet architecture, or Residual Network,
represents a major advancement in deep
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learning, particularly in addressing the critical
issue of vanishing gradients. This problem,
common in very deep networks, occurs due to
the repeated multiplication of gradients during
backpropagation, which causes them to decay
exponentially and hampers effective learning.
ResNet  cleverly  introduces  "residual
connections” or "skip connections," which
allow information to bypass certain layers and
flow directly to later ones [11]. This mechanism
enables the network to learn "identity
mappings,” allowing it to effectively "skip"
layers when necessary. By creating a direct path
for gradients, ResNet successfully mitigates the
vanishing gradient problem, facilitating the
training of much deeper networks while
preserving gradient flow. This innovation has
had a profound impact on the field, enabling the
creation of networks with hundreds or even
thousands of layers and leading to significant
performance gains in tasks such as image
classification and object detection.

X
Flx) .
identity
F(x)+x

Figure 4. Residual-Block

2.5 Loss Functions

In deep learning, the loss function is a crucial
element that measures how well a model's
predictions align with the actual data, directing
the optimization process during training[7].
The U-Net architecture, which is specifically
tailored for image segmentation tasks,
particularly benefits from a carefully selected
loss function due to its requirement for accurate
pixel-wise classifications.

2.5.1 Binary Corss-Entropy

Cross-entropy is defined as a measure of the
difference between two probability
distributions for a given random variable or set
of events [4]. This metric is extensively used for
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classification tasks because it quantifies how
well the predicted probability distribution
matches the true distribution of the labels. In the
context of image segmentation, which involves
classifying each pixel in an image, cross-
entropy is particularly effective. This is because
segmentation can be seen as a form of pixel-
level classification, where each pixel is
assigned to a specific class. Therefore, using
cross-entropy as a loss function helps in
accurately classifying each pixel according to
its true label, improving the overall
segmentation performance.

BCE = = =%, [y,+ log(p) + (1 —y) xlog (1—p)] (1)

where, N is the number of samples in the
dataset. y; is the actual label for the i sample (0
or 1). pi is the predicted probability that the it"
sample belongs to class 1.

2.5.2 Focal Loss

Focal loss is an enhanced version of the cross-
entropy loss designed to assign different
weights to easy and hard samples. In this
context, hard samples are those that are
misclassified with a high probability, indicating
that the model struggles to predict them
correctly. Conversely, easy samples are those
that are correctly classified with a high
probability, showing that the model finds them
straightforward to predict. By assigning greater
weight to hard samples and less to easy ones,
focal loss balances their influence on the overall
loss [5]. This approach ensures that the model
focuses more on difficult examples, which can
lead to improved learning and performance,
especially in scenarios with class imbalances.
For the hamming window, the equation is

FL(P) = —a;(1 —py)Y log(py) 2
where, p; represents the predicted probability of
the true class. ot is the focusing parameter that
is dynamically adjusted based on the true class
label. It assigns higher weights to minority class
samples to counteract the effects of class
imbalance. y is the modulating factor that
reduces the loss contribution of well-classified
examples (where p is close to 1).
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2.5.3 Tversky index

The Tversky index is a metric used to quantify
the similarity between two sets, often employed
in tasks such as image segmentation [10]. It
extends the concept of the Dice coefficient by
introducing parameters that allow for the
differential weighting of false positives and
false negatives. For two sets P (predicted
positives) and G (ground truth positives), the
Tversky index T,z is defined as.

B IPNG]
Tap = |PNG|+a|P\G|+B|G\P| (3)

where, |P N G|represents the number of true
positive instances where both P and G are
positive. |P\G| represents false positive
instances where the model predicts positive but
ground truth is negative. |G\P| represents false
negative instances where the model predicts
negative but ground truth is positive. a and 8
are parameters that adjust the weights of false
positives and false negatives, respectively.

2.5.4 Focal Tversky Loss

Similar to Focal Loss, which strategically
down-weights easily classified or frequently
occurring examples to enhance the model's
focus on challenging instances, Focal Tversky
Loss applies a similar principle [6]. It utilizes
coefficients to specifically address difficult
examples, particularly those associated with
small Regions of Interest (ROIs). By
incorporating these coefficients, the loss
function aims to optimize the model's
performance in learning and accurately
segmenting intricate features or regions within
the data, thereby improving overall
segmentation quality, especially in scenarios
where precise localization and identification of
small ROls are critical.

Lgr = (1 - Ta,ﬁ (P,G)") 4

where, Tep indicates Tversky index, and y can
range from [1,3].
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3. EXPERIMENTAL RESULTS

This section details an experiment designed to
showcase a road extraction system using
remote sensing data from Google Satellite
images. The system was trained with specific
loss functions and utilized the U-Net and
ResNet50 architectures.

3.1. Dataset Preparation

The dataset used for training consisted of
Google Satellite images, particularly from the
Pyin Oo Lwin region, comprising 5,368 images
with a resolution of 512x512 pixels. The
training was performed on a system equipped
with an AMD Ryzen 5880x processor and an
NVIDIA GeForce RTX 12GB GPU. The
images were split into training, validation, and
test sets with a ratio of 70:20:10. For the
training process, the resolution of the images
was resized to 256x256 pixels.

Figure 5. Model Summary and Parameters of
U-Net Architecture
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3.2. Training Process

The road segmentation system for remote
sensing images in the Pyin Oo Lwin region
underwent training using specific datasets,
including annotated ground truth images and
corresponding mask images. To optimize
computational efficiency, the training process
operated on batches of 16 images. Additionally,
a preprocessing step involved resizing the input
images to dimensions of 256 x 256 pixels,
aimed at mitigating computational resource
requirements. During the training process, the
validation loss is monitored using early stop
function to prevent overfitting, and the training
process is stopped when the validation loss
stopped improving for 1000 epochs.

3.3. Evaluation Metric

After Evaluation metrics play a crucial role in
assessing the performance of segmentation
models. In this work, we have analyzed our
results using the Dice Coefficient metric [12].
The Dice Coefficient, also known as the
overlap index, measures the degree of overlap
between the ground truth and the predicted
output.

2|ANB|

Dice coefficient =
|A|+|B|

(6)

Where |A| and |B| represent two sets, usually the
binary masks. |A N B| denotes the size of the
intersection of the two sets. |A| and |B| represent
the sizes of the individual sets. The Dice
coefficient provides a value between 0 and 1,
where 1 indicates a perfect match between the
two sets. It measures the overlap or similarity
between the predicted and ground truth
segmentations. The figures 3,4,5 illustrate the
training and validation loss curves obtained
during the training process, as well as the Dice
Coefficient metric. These visualizations
provide insights into the model's performance
over time, showcasing how the loss values
decrease and how the Dice Coefficient
improves, indicating better segmentation
accuracy. Table 1 and table 2 show the results
of Binary Cross-Entropy and Focal Tversky
Loss along with their respective Dice

Coefficient scores. In this table, the Focal
Tversky Dice Coefficient metric score is higher
than that of the other loss functions.

Fpschs

Figure 6. Training Results of Binary Cross-
Entropy Loss

Figure 7. Training Results of Focal Tversky
Loss

Figure 8. Training Results of BCE Loss with
ResNet-Enhanced UNet

Figure 9. Training Results of Focal Tversky
Loss with ResNet-Enhanced UNet

Table.1 Measurement Results of Loss and
Dice Coefficient with U-Net

Dice

L Nam ..
0ss Name Coefficient

Binary Cross
Entropy

Focal Tversky | 0.2924 0.6849

0.2772 0.6205
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Table.2 Measurement Results of Loss and
Dice Coefficient for ResNet-Enhanced U-Net

Dice
Loss Name Coefficient
Binary Cross | 5 5158 | 0.6520
Entropy
Focal Tversky | 0.2686 |  0.7081

4. Experimental Results

U-Net and ResNet-Enhanced UNet
architectures are trained using Binary Cross-
Entropy (BCE) and Focal Tversky Loss.
Following the training phase, inference is
performed on the resultant models. The
segmented images obtained from this inference
process undergo a detailed comparative
analysis. This analysis aims to evaluate and
compare the performance of the different loss
functions. Figure 6 showcases a comparative
evaluation of segmented images produced
using Binary Cross-Entropy and Focal Tversky
Loss. From left to right, the figure highlights a
comparison with ground truth images using
various loss functions. It demonstrates the

effectiveness of each loss function in accurately
segmenting the images, providing insights into
their respective strengths and weaknesses in
handling the segmentation task. Focal Tversky
Loss is the most optimized and closely matches
the ground truth images for road width in the
output segmented images.

Figure 10. Comparsion of Segmented Images
using Different Loss Functions using ResNet-
Enhanced U-Net
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5. CONCLUSION

In this study, we focus on road extraction from
satellite images using U-Net and ResNet-
Enhanced UNet architectures. The model is
trained with Binary Cross-Entropy and Focal
Tversky Loss. The primary objective is to
segment roads from satellite images,
particularly those obtained from Google
Satellite. During the segmentation process, the
system distinguishes roads from other elements
within the satellite imagery. The results indicate
that the Focal Tversky Loss yields the highest
Dice Coefficient compared to the other loss
functions, demonstrating its effectiveness in
this application.

This superior performance suggests that the
Focal Tversky Loss is particularly well-suited
for handling the imbalanced nature of the
segmentation task, especially when dealing
with small and challenging regions of interest.
The experiment successfully segments roads in
both urban and rural areas, breaking down the
images into meaningful segments that
accurately represent the road networks. This
demonstrates the system's capability to handle
diverse environments and produce reliable
segmentation results, making it a valuable tool
for remote sensing applications and geographic
information systems (GIS).
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ABSTRACT

In the digital age, security is of paramount
importance, especially for user's sensitive data and
user credentials. As developers, it is needed to
ensure that sensitive information, such as
passwords, must be stored securely to prevent
unauthorized access and potential breaches. One
of the key techniques applied to enhance security is
applying cryptographic techniques. Computing
systems requiring cryptography tools are deeply
ingrained into modern human lifestyles and
business practices. Today, digital technologies are
applied in every domain, including healthcare,
security transportation, marketing, banking and
education. As a result, data has become a vital
asset. Cryptography is expanded for many areas of
communication,  securing  e-commerce  etc.
Cryptography is used to transmit the message
confidentially where no any trouble can happen
between  transmission.  This  paper  study
cryptography, types of encryption and encryption
techniques, encryption tools and highlights the
importance of encryption in information security.
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1. INTRODUCTION

Cryptography is a vital tool for safeguarding
data sent over the Internet. It is the
transformation of data into an unreadable
format, only the intended recipient will be able
to understand and use it. Cryptography, the art
and science of secure communication and data
protection, has experienced significant
advancements in recent years. Strong
encryption methods and secure protocols are
now essential due to the rapid advancement of
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technology and the widespread usage of digital
platforms.

Sensitive information such as codes, and all
kinds of private data are potentially affected
by external threats. [1]

Primitives of cryptographic are Symmetric
Encryption, Message Authentication, Public
Key Cryptography, Digital Signatures,
Pseudo-random Number Generators.
Cryptography remains important to protecting
data and users, ensuring confidentiality, and
preventing cyber criminals from intercepting
sensitive corporate information.

Cryptography is a science by which we can
design strong encryption by applying complex
mathematics. Attaining strong encryption
means data hiding by which we can hide the
secret data which can't be permitted by any
third person for decryption.

The security services given by cryptography
are Confidentiality, Data Integrity,
Authentication, and Non-repudiation.
Confidentiality

Confidentiality refers to the ethical and legal
need to protect sensitive information form
unauthorised access or disclosure.
Confidentiality pertains to using protective
measure to prevent unauthorized individuals
form gaining access to sensitive information
[2]. _

Data Integrity

Security service that deals with identifying any
alteration of data. The data gets modified by
an unauthorized person intestinally or
accidentally.

Authentication

It is an establishment of the identity of a user
or computer system so that it may be trusted
[3].

Non-repudiation
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Security service that ensures that an entity
cannot refuse ownership for a previous

3. ENCRYPTION TYPES

Encryption techniques can be categorized into
three types. The categorization is done on the
basis of the number of keys used to encrypt
and decrypt information.

3.1 Secret Key Cryptography is an
encryption method that uses one key for both
encryption and decryption [6]. Example,
advanced encryption standards (AES) and
Caesar cipher
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Figure 2. Secret Key Crybtdgraphy

3.2 Public Key Cryptography is an
encryption method that uses two keys; one for
encryption and another for decryption. There
are two different applications for public key
cryptography: data transmission and digital
signatures [6]. Example, Diffie-Hellman and
elliptic curve cryptography.

3.3 Hash functions is an encryption method
that uses no keys. These encryptions are also
called one-way transformations because there
is no way to retrieve the message encrypted
using a hash function [6]. Example, MD5,
SHA1L, SHA-3.

4. ORIGIN OF CRYPTOGRAPHY

Cryptography was in use during the era of
antiquity and medieval times. During
antiquity, cryptography was widely used in
Mesopotamia, Egypt and ancient Greeks in
various capacities. One of the ancient
cryptographic ~ was  the  non-standard
hieroglyphs used during the 1900Bc [7]. The
first documented instance of encryption was
used by Roman Emperor Julius Caesar (100
Bc), Caesar cipher. In Caesar cipher, mono-
alphabetic substitution, replacing individual
letters with other letters for the purpose of
encryption, is used for encryption.

In the Caesar cipher, each letter was replaced
by the letter three places to the right of the
letter in the alphabet, Figure 2.

A shift of four characters to the right would
give us an encryption scheme such as A — E;
B — F [6].
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commitment or an action. [4]

(AlB|CIDJE|] [X[Y[Z] [A]B]

Figure 2. Caesar Cipher

5. CRYPTOGRAPHY TECHNIQUES

Mono Alphabetic Cipher

One of the earliest encryption methods is shift
cipher. A cipher is a step method or algorithm,
that converts plaintext to  ciphertext
(encryption) or ciphertext to plaintext
(decryption). Caesar's shift cipher is known as
mono-alphabetic substitution shift cipher [4].

Poly Alphabetic Cipher

In mono-alphabetic, for a given key the plain
alphabet is fixed through out the encryption or
decryption process means if 'A' is substututed
by 'D'. So, all occurrence of A's in plain
alphabet is substituted by D. But in Poly-
alphabetic, substituted alphabet in plaintext
may be different in places during encryption or
decryption process [4].

5.1. Requirements for Good Encryption
Technique

A strong encryption algorithm requires a
strong encryption key, a strong mathematical
algorithm, and a complex encryption process.

Strong encryption keys are passwords for
encryption. The longer the password or the
more complex the password, the more difficult
it will be to guess. However, as binary
numbers, encryption keys lack complexity and
therefore require length. Most encryption
algorithms require a minimum of 128 bits [8].

Strong Mathematical algorithms use the key
to feed an algorithm made of simple
mathematical processes. Current encryption
algorithms use points on an ellipse, multiply
large prime numbers, or implement exclusive
OR (XOR) logical operations on portions of
data as the basis for the algorithm.

A complex encryption process uses a
complex combination of the encryption key
and the mathematical algorithms on blocks of
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data over multiple rounds of encryption. For
example, The Blowfish algorithm uses simple
XOR functions and performs four actions
within each of the 16 rounds of encryption [8].

6. CRYPTOGRAPHY TOOLS

This session describes the overview of
some cryptography tools.

6.1 Pretty Good Privacy (PGP)

Pretty Good Privacy (PGP) is a
security program used to encrypt and decrypt
email and authenticate email messages through
digital signatures and file encryption. PGP
works through a combination of cryptography,
data compression, and hashing techniques.
PGP uses the public key system in which
every user has a unique encryption key known
publicly and a private key that only they know.
Encryption
PGP provides up to date-up to date-end
encryption for the wireless communication
which prevents the nodes in transit from being
able up updated view the records. As an end
result, ~malicious sports along  with
eavesdropping, packet hijacking or guy-in-the-
middle (MITM) assaults are averted.
Authentication
PGP can be used to up-to-date without
difficulty establish at ease connection among
up-to date which may be used up-to-date
authenticate them and make sure handiest the
legitimate parties are allowed updated talk in
the network.

Key Control

PGP makes use of a robust key management
machine up to data updated up-to-date
personal keys wused for encryption and
decryption. This makes it difficult for attackers
up to date between the non-public key up-to-
date decrypt information at some point of
conversation [9].

6.2 GNU Privacy Guard

GNUPG is a tool for secure
communication. GNUPG uses public-key
cryptography so that users may communicate
securely. In a public-key system, each user has
a pair of keys consisting of a private key and a
public key. GNUPG uses a somewhat more
sophisticated scheme in which a user has a
primary keypair and then zero more additional
subordinate keypairs [10].
6.3 VeraCrypt
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VeraCrypt is one of the cryptography
tools that is a widely used enterprise-grade
system for Linux. macOS, and Windows
operating systems. VeraCrypt provides
automatic data encryption capabilities and
partitions a network depending on specific
hashing algorithms, location and volume size
[11].

6.4 Berypt

The Bcrypt hashing algorithm is a
hashing function created from Blowfish by
two security researchers, Niels Provos and
David Mazieres. This hashing function has
several advantages, using the original random
salt (the salt is the order in which it is
appended to the password to make it harder to
brute force). Random salts also prevent lookup
table creation. Brute force attacks are among
the most frequently used when it comes to
collecting password data and through a
dictionary attack an attacker can match as few
characters as possible. The Bcrypt Algorithm
is resistant to brute force attacks [12].

7. APPLICATIONS OF ENCRYPTION
TECHNIQUES AND ALGORITHMS

Cryptography and encryption methods have
been used for centuries to prevent prying eyes
from accessing secret messages. Strong
encryption has become one of the most crucial
cybersecurity practices for supporting modern
Internet communications. Encryption
algorithms convert original data in plain text to
an encrypt message to ensure secure
transmission. To safeguard sensitive data from
cyber-attacks, several fields use encryption
methods and approaches. The followings are
some of the most typical uses for encryption:

1. Secure  Communications:  Email,
instant  messaging, and online
transactions are all secured via
encryption over the internet.

2. Cloud security: Data saved on the
cloud, particularly private financial
and health records, are protected via
encryption.

3. Mobile security: Data held on mobile
devices, such as smartphones and
tablets, are protected via encryption.

4. Industrial Control systems security:
Critical infrastructure, such as power
plants and water treatment facilities,
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are shielded from cyber-attacks via
encryption. However, the application
of the encryption techniques and

8. TESTING PASSWORD ENCRYPTION
USING BCRYPT IN PYTHON

To store passwords in plain text is very
vulnerable to attacks. It should be encrypted
before it is stored or transmitted. This section
describes the password hashing using Bcrypt
in Python.

To install the Bcrypt tool in Python the
following statement is used [14].

pip install bcrypt

Functions of Bcrypt

bcrypt.gensalt()

bcrypt.hashpw()

bcrypt.checkpw(password,
hash)

8.1 Password Hashing
In order to use bcrypt, bcrypt module is
needed to import.

becrypt

bcrypt
password="'t _;LiF:?:ﬁ“:P:'
bytes=password.encode ('utf=£8")
salt=bcrypt.gensalt ()
hash=bcrypt.hashpw(bytes, salt)
print (hash)

The above python code generates the
following  output, hash of password
"thisisasecrect.

[ 0" 52b5125EC3502 78 30F 1 Bint BGRY YeWIMJ0s 6Lz NTBEPa221n8 1626 fml1s' |

8.2 Passwords Checking using Bcrypt in
Python
Berypt can be used to check the password
which was entered by the user is correct or
not. becrypt.check(password,hash) can be used
for this purpose.

bcrypt
password='thisisasecrect'
byt eh—password encode ('utf-4")
salt=bcrypt.gensalt()
hash=bcrypt.hashpw(bytes, salt)
userPwd="p@sswlird"'
userBytes=userPwd.encode ('utf-28")
result=bcrypt.checkpw(userBytes, hash)
print (result)
The above python code for checking password
will give the result "False" because the two
passwords are not the same.
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algorithms in Table 3 needs to be
better understood [13].

bCcrypt
password="' .__:isaﬁzﬁ::nt'
bytes=password.encode ('utf-8")
salt=bcrypt.gensalt()
hash=bcrypt. hashpw(by—eh,salt)
userPwd="'thisis c
userBytes= useerd encode( utf-8")
result=bcrypt.checkpw (userBytes, hash
print (result)

The above python code for checking password
will give the result "True" because the two
passwords are the same.

8.3 Encrypting and Decrypting Messages with
Pretty Good Privacy

In order to Encrypt and Decrypt Messages
with PGP Python, open-source python library
named python-gnupg will be used. This library
provides a Python inferface to GnuPG.It is
needed to install and import the gnupg
package and instantiate the gnupg class. To
install and import and instantiate Python
gnupg package, the following commands are
used.

pip install python-gnupg
import gnupg
gpg=gnupg.GPG()

Before the key is generated, the settings for the
keys must be configured. After that public key
is generated.

input_data = gpg.gen_key_input(
name_email = 'zinmar86615@gmail.com’,
passphrase = 'thisisasecrect’,
expire_date = '200d")

keys = gpg.gen_key(input_data)

public_keys = gpg.export_keys(keyids = keys.fingerprint)
private_keys = gpg.export_keys(keyids = keys.fingerprint,
secret = True,

passphrase = 'thisisasecrect')

The generated (public and private) keys are

written to files using follwing commands.

with open('public_key.asc', 'w') as f:
f.write(public_keys)

with open('private_key.asc',
f.write(private keys)

‘W) as f:
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Messages can be encrypted using the
generated keys.

with open('public Key.asc', 'r') & f:
public ey =F,read

oubLic_key = gpg. oport keys(public key)
data = gog.encruput("conputer, public Key. Fingerprints)

print (data)
BEGIN PGP MESSAGE-----

hQEMAYD4JWaDYKHTAQFIFQIYNFZp8QepL1h7NCpYpdwzxu/y6aY8HyvYHRXAOXDaO
URAVGQ7ULd1L+ANVADB7n37BLTUGCHISrIdrsEACk2+61v13Q1 041Uz EZUL
U9zmIMLsbNiTcMURSkfqXt]Gq70F4ySCyI1huNcZuGdY+hqGVZ/ANnEFB2RnINg4
TVuLum;VBmPKsYqNWhiwIBpSmuol IDZwSNQoYAG5eIxBZCIs/1a0ldINXnjnvD362
BeAWRmp7oHX@voPkp1DWeHPF8v8hdgedny5Ldna+qqzVkSk8vpUS/ugnzx@5HnIx
1560IDUNVVNIted+CSTdpuGVyFPBK TeptRamiicetdRNAQKCEIXbt1RiVEBhVF1G
F /EeprPoRdDLBA833WsUXTNL7E/DftGvOUKyRPOt+Ze+gLzS9Cy8GRPCZFF1ZMO
BcuTf736+2e3Q+R/4]0=

=q+]7

----- END PGP MESSAGE

Encrypted Messages can also be decrypted
using these keys to get the original text.

with open(‘private key.asc', 'r') as f:
private Key = f.read()

rivate Ky = gng. import Keys(private key)
decrypted data = gg. decrypt (data.data, passphrse ='thisisasecrect’)

The following code display the decrypted
original text.

PO eyt Gt

ke

9. CONCLUSION

Sensitive information such as passwords, data
access codes, and all kinds of private data are
potentially affected by external threats.
Therefore, cryptographic algorithms are
important element in many computer security
services and applications. Many organizations
use cryptography to secure the important
information about its current working project
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by which no any third party can affect its data.
Security mechanisms such as encryption tools
and cryptographic mechanisms is important in
protecting sensitive data and information in
order to protect from unauthorized access and
malicious attacks. In this paper, literature
review of the cryptography tools and
cryptography techniques are studied. Finally,
password hashing in Bcrypt is demonstrated
with Python.
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ABSTRACT

Recommendation systems are crucial in modern
electronic commerce, addressing the challenge of
finding desired information in the vast expanse of
the Internet. These systems, a subset of information
filters, analyze user interests and behaviors to
intelligently recommend relevant products. By
leveraging  machine learning  algorithms,
recommendation  systems forecast a user's
preference for items based on interactions like
ratings, reviews, and historical behavior. This
approach personalizes recommendations to align
with individual tastes. This system, built on Apache
Spark, utilizes the Alternating Least Squares (ALS)
matrix factorization method from Spark MLIib to
handle recommendation requests efficiently and
scale effectively. Specifically, the system applies
collaborative filtering on the Amazon Beauty
Products dataset, which features explicit user
feedback. With a focus on training the model using
ALS, this system achieves a Root Mean Square Error
(RMSE) of 0.9, demonstrating its effectiveness in
generating accurate recommendations.

KEYWORDS

Recommendation, Apache Spark, Alternating Least
Square (ALS), Collaborative filtering, Root Mean
Square Error (RMSE)

1. INTRODUCTION

In an era of everyone’s daily life,
internet technology has advanced, and it
became an important part of humans. With
increased technology between people and
devices, the amount of data availability is
growing in communication constantly. The
mass of information can meet the information
needs of Internet users; a serious challenge of
processing information has to be handled [1].
Product recommendation systems have grown
in popularity, playing a crucial role in e-
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commerce and social networks by predicting or
suggesting products based on customer
preferences. These systems use machine
learning, particularly collaborative filtering and
matrix factorization techniques like Alternating
Least Squares (ALS), to enhance
recommendation accuracy and manage over-
fitting in sparse data. Platforms like Spotify,
Netflix, and YouTube exemplify how
recommendation systems are applied across
various domains, from music and movies to app
suggestions. Companies deploy these systems
to improve user experiences and drive
economic growth. This paper discusses a
recommendation system built on Apache Spark
using the ALS method, which significantly
reduces Root Mean Square Error (RMSE) and
improves prediction accuracy. It explores the
theoretical background, methodology, system
architecture, and experimental  results,
concluding with insights and future work.

2. RELATED WORK

In recent times to generate product
recommendations all differing by small factors
have been developed in many algorithms.
Recommendation system contains simple
algorithms so that it can recommend user with
relevant items by collecting user data and
discovering data patterns in the data set and
filtering user related data. Li Xie, Wenbo Zhou,
Yaosen Li proposed Application of Improved
Recommendation System Based on Spark
Platform in Big Data Analysis. This system
used technology research of recommendation
systems, and recommendation algorithm based
on ALS model. This system proposed firstly,
research on the existing collaborative filtering
algorithm based on ALS and the big data
distributed computing platform of Spark [1].
Ankit Maheshwari*, Anuradha Kumari, Anjali
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Kumari, Neeraj Kumar and Nandini B.M
discussed Movie Recommendation System
Using Apache Spark. Author explains system
implementation which provides outputs of
movie recommendations at a very good speed
because of the Spark’s MLLib used [2]. Real-
time News Recommendations using Apache
Spark. The use of Apache Spark enables to run
the recommender as a distributed system in a
cluster ensuring the scalability of the approach
[3]. Kavitha V K*, Dr.Sankar Murugesan
proposed An Effective Book Recommendation
System using Weighted Alternating Least
Square (WALS) Approach. In this paper,
demonstrated a significant reduction in RMSE
when compared to standard RS, highlighting its
effectiveness in enhancing the quality of book
recommendations and a smaller RMSE value
indicates that the system is more proficient at
predicting user behavior, resulting in a more
gratifying and individualized reading
experience [4]. M. Chenna Keshava,P.
Narendra Reddy, S. Srinivasulu, B. Dinesh
Naik discussed Machine Learning Model for
Movie Recommendation System. Author
explained a privacy-retaining collaborative
filtering method for binary facts referred to as a
randomized reaction technique. Error rate is
fined on five models. In this research, the best
model is SVDpp with Test RMSE of 1.0675

[5].

3. RECOMMENDATION SYSTEM

Recommender system is defined as a
tool that helps users in search something which
is related to their tastes or as a strategy of choice
for users under complex information
environments. Recommender systems handle
the problem of overload of information that
users find, by providing them personalized and
targeted content. For building this systems,
distinct approaches have been developed. They
can be collaborative filtering, content-based
filtering or hybrid filtering. Type of
recommendation system are shown in figure 1.
The two most common recommender system
techniques are: (1) collaborative filtering, and
(2) content-based filtering. Collaborative
filtering recommends items by identifying
other users with similar tastes. On the other
hand, Content-based filtering recommends
elements that are similar in content to products
that user appreciated in the past or matched to
user attributes [6].
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Userz
User-User
Similarity [ [
User;

Recommended

Recommender System

A 4 A 4 A 4

Collaborative Content Hybrid
Filtering Based Filtering
Filtering

"

Model Memory
Based Based

P

User Item
Based Based

Figure 1. Types of Recommender System

3.1 Collaborative Filtering

Collaborative filtering is based on the
users’ future preferences. The goal of
collaborative filtering is to predict a user’s
preferences. This is based on the feedback of
similar users. These past user-item interactions,
build through user-item matrix, are sufficient to
find matches and to detect similarity between
users and/or items and make predictions
according on these estimated distances. To
generate recommendation system,
collaborative filtering uses a user-item matrix.
User-item matrix defines the match data of m
users by n items that contains the users’ ratings
over items. So each entry (i, j) in the matrix
represents the interaction between user i and
item j in following figure 2. Two items are
considered to be similar if most of the users that
have interacted with both of them did it in a
similar way [6].

Item-Item
Similarity

Item Itemo ...| Itemi Item,

User; Predictions

Top Items

Figure 2. Collaborative Filtering Process

Collaborative filtering algorithm based on ALS
is described as below.
W= (W)@® 1
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Where W, ; represents the rating matrix of items
b by users a. The goal is to approximate this
matrix W using a low rank matrix A such as:

A =JK* 2)
Where:
Jec®d (3)
and
Kecbxd (4)

These are the matrices to be learned and d
represents the number of latent features in the
model, typically, d < s,s ~ min(a,b), s
represents the rank of the matrix, and the loss
function is as follows:

LU,K) = th(Wtj_Atj)z: )

Where: (W;; — Aij)z isacommon error termin

the low rank approximation. To find a way to
solve the optimization arg min, L(x), which
is to minimize the loss function. Formula can be
re-writing as follows:

LU, K) = th(Wtj —Je— Kja)z_ (6)

In order to prevent over-fitting, the second
order regularization term is added to the about
formula:

LU, K) = Xej(Wej = JeKf)? + AN + 1K 12)(7)

If K is known, the ridge regression can be
predicting each line of J, and vice versa.
Therefore, the matrix K is fixed, then the
derivative of t is taken; now obtain the
following formula forU,:

Uy = WK (K Ky + Ang )74t € [1,a] (8)

Where W, represent the score vector for the
item by user t; t represents the characteristic
matrix formed by the characteristic vectors of
the item evaluated by the user t. In the same
way, the matrix J is fixed; then the derivative of
K is taken; and obtain the following formula for
K:

Ky = WiJ4jUgjlaj + Abo; )™ j € [1,D] ©)

Where W; represents the score vector for the
item by user j; J,; represents the characteristic
matrix formed by the characteristic vectors of
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the items evaluated by the user j; b, ; represent
the number of items evaluated by the user
J; T is d x d unit matrix. Based on the ALS
collaborative filtering algorithm is performed,
namely the formulae (8) and (9) are called
alternately to update J and K . Calculation
processing ends if the result of the calculation
is convergence or the number of iterations
reaches the maximum value. Finally, the
approximation matrix X is got to recommend
items for users [1].

3.2 Model-based Filtering

Model based method is expressed by
matrix for predicting, and the method is insert
into Matrix for items not been seen by the user
previously. The rating of unrated items can be
done by using the data mining techniques to
predict. This technique depends upon the basis
of the information collected from the repository
used to generate a model for recommending
without making the use of dataset every time.
Speed and scalability have the two factors. That
factors are improved when this approach is used
the appropriate algorithm. Furthermore, the
prediction accuracy vale is increase. Matrix
factorization, this technique is most commonly
used in model-based technique [6].

3.3 Matrix Factorization

To identify the relationship between
items and users’ entities, collaborative filtering
is the application of matrix factorization.
Matrix Factorization is the most successful
realization of latent factor models. This method
is one of the most common methods for
implementing  model-based  collaborative
filtering-based algorithms. Matrix factorization
describes a mathematical term. Which describe
as linear algebra. The aim of matrix
factorization is to approximate the actual ratings
matrix S with the user matrix A and item matrix
B, the following cost function needs to be
minimized [7].

3.4 Apache Spark

Building a recommendation system involves
leveraging  Apache  Spark's  distributed
architecture and MLIib library for large-scale
machine learning. The pipeline begins with data
ingestion from sources such as HDFS or cloud
storage or local file system, followed by data
transformation  using Spark SQL and
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DataFrame operations for cleaning and »
preparing the dataset (e.g., user-item

interactions). Machine Learning library's

Alternating Least Squares (ALS) algorithm is Initialize Spark

used in PySpark to build collaborative filtering Environment

models that can handle large-scale data across ¢

clusters. Spark's caching ensure efficient,

reliable training, and the trained model can User-ltem > Data

predict user preferences, with performance Rating Data Loading

monitored through the Spark. [8] (isonl

3.5 Alternating Least Squares (ALS) Data Pre-processing
In matrix factorization recommenders, Feature Selection

Alternating Least Squares (ALS) is one of the ¢

most popular algorithms. Apache Spark ML

implemented the ALS algorithm for matrix Data Cleaning

factorization based collaborative filtering for ¢

explicit feedback. It is a two-step procedure of Data Filtering

iterative optimization, in which in each

iteration, it first fixes the item matrix A and then ¢

solves for the user matrix B, then fixes B and Data Aggregation

then solves for A [7][9]. ALS algorithm ¢

describe as below: -

Data Indexing

Algorithm: Alternating Least Squares (ALS) ¢

Procedure ALS (A, B;) Data Splitting

Initialization A, < 0

Initialization matrix B; with random values v

Repeat

Fix B;,solve A, by minimizing’s the — Test
objective f Training / esting

Function (the sum of squired errors)
Fix B; by minimizing the objective
function similarly

Build Parameter Grid

. . . . . for Al S
Until reaching the maximum iteration
Return A, B;
End Procedure Cross Validation

4. PROPOSED SYSTEM
Best Model with Best BN

The recommendation algorithm based Parameter Predictions
on ALS for collaborative filtering

recommendation system using Apache Spark is : v
proposed. For distributed big data processing, / Pre‘:_'med /ﬂ/
Apache Spark is a integrate analysis framework. raing

Pyspark has been widely used to the popularity
of big data in recent years. In Java, Scala, < Recommendations >
Python, and R is provided the high-level APIs. for Each User

Apache spark can handle both batches as well as
real-time analytics and data processing
workloads [9]. The proposed system is Beauty Figure 3. Proposed system
Product recommender system based on ALS

using Apache Spark. Proposed system is
described as below:
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4.1 Dataset Set

The system use a large-scale Amazon
Reviews dataset collected in 2023 [10]. Within
this dataset, the system specifically utilizes the
"Beauty Product.csv" file. The dataset includes
user ID, product ID, product type, ratings, and
timestamps and URL. This file consists of
701,528 rows and has a size of 311MB. The
dataset uses the following data types.

Table 1. Root of Dataset

Field Name | Data Descriptions
Type
user_id String | Unique IDs users
product id | String Unique IDs of
products
rating Integer | User ratings of the
products that range
from1to 5
Timestamp | Integer | Time of the review
(UNIX format)
title String Title of the user
review.
text String Text body of the
user review.
images list Images that users
post after they have
received the
product.
asin String | ID of the product.
verified pu | bool User purchase
rchase verification
helpful vot | Integer | Helpful votes of the
e review

4.2 Creating the DataFrame

The beauty product recommendation
system will run on Apache Spark. First, set up
the Apache Spark framework and then load the
beauty product reviews dataset from a JSONL
file into a Spark DataFrame by using the
spark.read.json() method to load a dataset into
the Spark session. If the dataset has column
names, header have to be given true. On the
other hand, to automatically determine the data
types of the columns, use the infer Schema
argument.

4.3 Data Pre-processing

For analyzing Amazon product reviews
using Spark, several pre-processing steps are
assumed to prepare the data. In pre-processing
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step, firstly, select a subset of columns from the
dataframe to focus on most relevant data which
can improve the efficiency of subsequent
processing steps. Relevant features such as
user_id, product_id and rating have to be

selected.

Table 2. Beauty Product Rating Dataframe

user_id product_id | rating
AGKHLEW2SOWHN | BOOYQ6X 5
MFQIIGBECAF7INQ 8EO
AE74DYR3QUGVPZ | B097R46 5
J3P7RFWBGIX7XQ CSY
AGMIJ3EMDVL60OW | BOORZDX 4
BJF7CASRGIJLXNSA L44
AEYORY2AVPMCP | BO8BBQ2 3
DV57CE337YUSLXA 9NS5

After that, clean the data in rating
column. When there is missing values in rating
column, the row has to be removed. Next, filter
the rows with invalid rating and keep only
ratings with the range of 1 to 5. Then, aggregate
data to calculate the popularity of each product.
All the records with the same row will be
combined together. The products are then
ranked based on their popularity to identify the
most popular products in the dataset. Table 3
illustrates the formation of Popularity Data
Frame.

Table 3. Popularity Data Frame

Product_id Popularity
B085BB7B1M 1962
BOBM4GX6TT 1750
B07C533XCW 1513
B09X9BG4FC 1374

BOOR1TAN7I 1372

Moreover, combine this Popularity
DataFrame with the original DataFrame based
on the product_id to filter for the top popular
items. The filtered DataFrame after merging the
data is shown in Table 4.
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Table 4. Filtered Dataframe

Product user rating | description | Popularity
id id
AF4N
1QPIZ 3
Q3S3
... Salux
AG6 Nylon
ubDZJ 5 Japanese
UG41 Beauty
B085BB Skin Bath
7BIM AEX Wash 1962
TSZO 4 Cloth/towel
MHU (3) Blue
. Yellow and
AHB Pink
DCC6 4
PPJ6
AHW
2IGE 4
NKQ
Machine learning algorithms,

including collaborative filtering techniques like
Alternating Least Squares (ALS), require
numerical input. Before starting the modelling
process, convert all columns that will be used in
the model to integer. String Indexer converts
categorical string data (such as user_id and
product_id) into numerical indices, making the
data suitable for these algorithms. This requires
numerical input, improving computational
efficiency, ensuring consistent and
reproducible data processing, and facilitating
compatibility with machine learning libraries
like Spark MLIib. So in this system,
transformations of data applied using
StringIndexer to convert userld and productld
into indexed values, which are then converted
to integer. Next, the number of items rated by
each user is computed, and users who have
reviewed fewer than 2 items are filtered out. To
get higher accuracy, the filtered records are
used.

Table 5. Filtered Dataframe

User ID Product ID Rated_Item
AE22PHL7 BO7RB82J1D 2
4EPEDWU | BOBBYDRKXP
US2ZLLDZ

ES57EA

B0089JVEPO
B006ZA0ASY
A02155413 5
BVLSDOG7 B005Z41P28
B0055MYJOU
B00117CHSM
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Preparing for masking items is a
critical step in developing a reliable and robust
recommendation system. The number of items
each user has rated is calculated and stored in
the rated_item column. Only users with more
than two ratings are considered. The highest
number of items rated by a single user is 165.
Next, 10% of the items rated by each user are
selected to be masked for testing. This is done
by multiplying the number of items rated by
0.1, and the result is stored in the mask_value
column. Each item rated by a user is assigned a
unique number, starting from 1, and this is
stored in the item_number column.

Lastly, the data is split into training and
testing sets based on the item ranks. The pre-
processing steps in above, the system provide
for data cleaning, correctly formatted, and
appropriately filtered and transformed, making
it suitable for training the Alternating Least
Squares (ALS) model.

4.4. Alternating Least Squares Method
(ALS)

In the implementation of recommender
systems based on Collaborative Filtering, Spark
has implemented ALS. This algorithm widely
used and it approaches the recommendation
problem as a factorization matrix, where the
ratings given by users to different items (beauty
products, in this case) are represented as a
sparse matrix. ALS define three hyper
parameters for model turning such as rank,
maximum iteration and  regularization
parameter. Rank is defined the number of latent
factors (also called dimensions) of the ALS.
Maximum iterations define the maximum
number of iterations that ALS can run during
training and regularization parameter specifies
the regularization term that controls the
strength of the penalty to avoid over fitting [11].

Table 6. Parameter Grid of ALS

Parameter | Range Descriptions

Grid

Rank [10,20,30] Latent Factors

MaxlIter [10,15,20] Maximum
Iteration

RegParam | [0.1,0.5,0.15] | Regularization
Parameters
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4.5 Root Mean Squared Error (RMSE)

Regression model is used in machine
learning to predict continuous outcomes. In
determining the performance of regression
models, several evaluation metrics are used.
These metrics include Mean Absolute Error
(MAE), Mean Squared Error (MSE), Root
Mean Squared Error (RMSE), R-squared (R?),
Mean Percentage Error (MPE), and Mean
Absolute Percentage Error (MAPE). A
regression evaluator is created to evaluate the
performance of the ALS model. RMSE is a
more suitable metric for comparing the
accuracy of different linear regression models
[12]. RMSE calculated the sum of the squared
differences between the predicted and original
values, then divided by the number of
observations and the square root of the result is
taken to RMSE. The RMSE can be computed
using the following formula:

1
RMSE= [ Sloan = b (0)

Where, n is the number of user-item pairs in
data, a,; is the actual rating for user r and item
i and b,; is the predicted rating for user r and
item i.

User Item Actual Predicted
Rating Rating
0 3971 5 4.2
1 97 5 4.5
2 868 4 4.1
3 3888 5 4.2
4 1025 5 4.5

First, calculate the square error for each row.

For User0, Item3971= (5 — 4.2)?=0.64
For Userl, Item97 = (5 — 4.5)?=0.25
For User2, Item868 = (4 — 4.1)2=0.01
For User3, 1tem3888= (5 — 4.2)?=0.64
For User4, 1tem1025= (5 — 4.5)2=0.25

Calculate the Mean Squared Error (MSE)

0.64+0.25+0.01+0.64+0.25

MSE = - = 0.358
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Calculate the RMSE

RMSE =+0.358 =~ 0.598

For this system, using root mean square
error, the above fit gives us an RMSE of 1.9.
This is done by using cross-validation through
PySpark.

5. EXPERIMENTAL RESULT

In the proposed system, the
recommender system is trained using
collaborative filtering with the Alternating
Least Squares (ALS) algorithm. The
performance of the beauty product
recommendation is evaluated using the Root
Mean Squared Error (RMSE) metric. The
objective for recommendations is to minimize
the RMSE value. The system is implemented
on Apache Spark, and to load datasets in
Python, various libraries such as pandas and
PySpark used, depending on the format and
size of the data [8][13]. In order to load a
JSONL file into a Spark Data Frame, create a
Spark Session first. Then, use Spark Session
builder to initially define the application name
in session. After the session is created, read the
JSON file by calling spark.read.json() with the
path to the file. To read CSV files, set the
header to be true to indicate that the first row
contains the column names. Dataset is loaded
into Apache Spark Framework, following step
built the proposed system.

Collaborative filtering in the context of
Alternating Least Squares (ALS) is a technique
used to build recommendation systems. It
operates by leveraging user-item interactions to
predict missing ratings or preferences. To use
ALS, DataFrame is split into two separate
DataFrames. Training data and testing data are
depended on the condition involving the
columns item_rank and num_items_to_mask.
Because it is a common practice in
recommendation systems to evaluate the
performance of the model.

For model training data, DataFrame
includes rows where the value of item_rank is
greater than the value of num_items_to_mask.
For model evaluation or testing data,
DataFrame includes rows where the value of
item_rank is less than or equal to the value of
num_items_to_mask. The parameter grid is
built to explore different combinations of rank,

June, 2024



5!
ﬁ Journal of Information Technology, Research and Innovation 2024, Vol-4, Issue-1

maxlter, and regParam to find the best
hyperparameters for the model. To train the
best model, Regression Evaluator and Cross
Validator are used. After the run the coding,
the best model is generated as:

Table 7. Best Parameter Grid of ALS

Parameter Grid Best Parameter
Rank [10]
Maxlter [20]
RegParam [0.1]

Moreover, to perform cross validation,
the Cross Validator object is created. It uses
the parameter grid and evaluator to evaluate
model performance. Data are divided into 5
folds: 4 for training data and 1 for data
validation.

The evaluator will use the metric Root
Mean Squared Error (RMSE) to calculate the
error between the actual evaluations and the
model predictions. RMSE calculated the sum of
the squared differences between the predicted
and original values, then divided by the number
of observations and the square root of the result
is taken to RMSE.

For this calculation, the best model has
indicated as below and that the baseline
performed better. The best model for ALS
training data is rank 1, maximum iteration is 20
and regularization parameter is 0.015. By using
root mean square error (RMSE), the above fit
gives an RMSE of 0.92. This can be done by
using cross-validation through PySpark.

6. CONCLUSION

The Apache Spark framework, which
is quick and effective for distributed processing
and it is supporting the many languages such as
Scala, Python, and Java. In recommendation
systems, the collaborative filtering
recommendation algorithm based on ALS is
one of most common algorithms using matrix
factorization technique. It combines a lot of
ratings data. In this study, first conducted a
review of existing collaborative filtering
algorithms based on the Alternating Least
Squares (ALS) method and the Spark
framework. The experimental results derived
from this research were implemented on
Apache Spark. The performance of the system
demonstrated an improvement, attributable to
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the ALS-based algorithm, achieving a Root
Mean Squared Error (RMSE) value of 1.9, with
the optimal model exhibiting a rank of 1. The
experimental outcomes indicate a favourable
result, as the system's accuracy was evaluated
using Spark’s MLIib. In future work, the
recommendation system will be trained with
users click stream predictive analytics, deep
collaborative filtering, and convolutional
neural network-based recommendation system.
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ABSTRACT

Rice, being a staple food in many
Southeast Asian countries, is vulnerable to various
diseases that significantly affect yield. In Myanmar,
where rice is a primary food source, the increasing
incidence of insect attacks and foliar diseases
threatens food security. This paper employs
Convolutional Neural Networks (CNNs) for feature
extraction and Support Vector Machines (SVMs)
for classification. Utilizing two distinct datasets,
the Plant Village Dataset and Rice Leaf Disease
Images. The system is composed of four main
phases namely image acquisition, pre-processing,
feature extraction and classification. In image
acquisition, benchmark dataset is used to evaluate
the system. In pre-processing phase, input image is
resized into 250*150 dimension and then median
filter is applied. In feature extraction phase,
convolutional neural network is used. Support
Vector Machine (SVM) classifier is finally used for
classifier. After evaluation with benchmark dataset,
acceptable classification 98% result is achieved.

Keywords
Rice leaf, SVM Classifier, Convolutional Neural
Network

1. INTRODUCTION

Agriculture plays a pivotal role in the
socio-economic  development of nations,
particularly in regions like Southeast Asia. In
Myanmar, where rice serves as a primary food
source, ensuring optimal rice production is
imperative to meet the demands of a growing
population. However, the agricultural sector
faces numerous challenges, among which
diseases significantly contribute to vyield
reduction. Addressing rice diseases s
paramount to safeguarding food security and
sustaining livelihoods.

Recent advancements in agricultural
research emphasize the development of
disease-resistant seed varieties using genetic
technologies. Additionally, the integration of
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information technology, including remote
sensing and image processing techniques, has
revolutionized crop management practices.
These technologies enable the early detection
and management of diseases, thereby
minimizing yield losses.

This paper focuses on leveraging image
processing techniques to detect foliar diseases
affecting rice plants. Specifically, it employs
Convolutional Neural Networks (CNNs) for
feature extraction and Support Vector
Machines (SVMs) for disease classification.
By analyzing two distinct datasets, the paper
aims to provide insights into effective
strategies for detecting and categorizing rice
leaf diseases, thereby contributing to enhanced
agricultural practices and food security.

In this system, Firstly, input image is
resized into 250 x 150 specific format without
losing the original information. The input
image contains a lot of noise, it has missing
values. Data pre-processing [11, 13, 14]
involves removing noise, missing data, and
organizing the data into an appropriate format
to increase accuracy. It improves data quality.
This step involves data cleaning. Data cleaning
removes the noise contained in the data using
median filter. And then CNN model [2, 16] is
used to extract features from pre-processed
data. After extracting the features, SVM model
is applied to classify the types of diseases such
as Bacterial blight, Blast, Brown spot and
Tungro. Finally, the system measure the
performance by using sensitivity, specificity,
precision and accuracy.

2. LITERATURE REVIEW

Qi, H., [1] discussed the automatic
identification of coconut foliar diseases using
stack clustering technique. The proposed
research was conducted on diseased leaves to
identify four diseases of coconut leaves, in this
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study, they combined deep learning models
with conventional machine learning methods.
Deep networks, such as ResNet50 and
DenseNet121, performed the best in terms of
data prediction. The highest accuracy of data
augmentation is 97.59 percent. ResNet50 had
the best signal performance when combined
with the LR model.

The focus of [2] is to reduce the use of
pesticides in agriculture while improving the
guality and quantity of production. For feature
extraction, they wuse image processing
techniques, and for classification, they use
SVM. To improve performance and provide
better results, the model was combined with
data augmentation. This paper aims to detect
three main diseases of rice plants: bacterial
leaf blight, brown spot, and leaf blight. The
input to this model is the complete image to
be processed, and the output is the disease
thataffected the plant. Suresha et al., [3] 2017,
applied global threshing methodsto extract the
diseased part of rice leaves. In addition, the
authors used a k-nearest neighbour (k-NN)
classifier to identifyrice blast and brown spot.

Khaing and Chit Su [6] proposed an
automated system to classify four categories
of rice-borne diseases such as leaf line,
bacterial leaf blight (BLB), brown leaf spot,
and fungal RLB diseases and bacterial. This
process included preprocessing, image
acquisition, journal review, classification,
and compression of features. PCA (Principal
Component Analysis), GLCM, and Color
Grid-based moment were usedto consolidate
image color, statistics, and also structural
features such as standard deviation, mean,
variance, intensity, entropy, and correlation.
Finally, it was classified according todiseases
using SVM. This method achieved a
performance of 72.70% in the original gray
scale conversion and 90% in the modified
gray scale conversion.

Eusebio L. Mique, Jr [7] evaluated an
application that helped farmers detect rice
diseases and also pests using image
processing and CNN. It assessed pest
control, farmers' knowledge of
heterogeneous rice pests and diseases, the
range of pests attacking rice fields, and
provided information on how to effectively
control and control them. Using image
processing and CNN, an application was
proposed to detect rice pests and even
diseases. The main goal of this model is to
achieve a training accuracy of 90.90%. A
small cross entropy value means that the
trained design could make an earlier
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prediction or classify the images with less
error. With this advanced app, farmers can
easily manage and manage rice pests.

Chia-Lin Chung et al [8] proposed a
framework for the detection of “dumb crop”
or Kanae disease in rice. Disease occurred
most frequently when contaminated seeds were
used. When the contaminated seeds were
used, a pathogen called "Fusarium fujikuroi”
began to spread over the rice fields.
Therefore, screening of infected plants (rice)
should be done at the actual stage of
development. In this paper, machine vision
is used to differentiate between healthy and
infected seedlings at 3 weeks of age.
Seedling incubator cultivation was carried
out for three weeks. Flat scanners are used to
obtain images of healthy and infected
seedlings to measure their morphological
and color characteristics. The SVM
classifiers used distinguish between healthy
and infected seedlings. SVM classifier uses
GA for selection This function results in
87.9% accuracy and 91.8% positive
prediction to differentiate between healthy
and infected seedlings.

3. DATASET SPECIFICATION

In the system, two datasets [31, 32] are
used to evaluate the classification results. They
are “Rice Leafs Dataset” and “Paddy Doctor
Dataset”. The detailed specifications of the
dataset are described in the following tablel.
The model of diseases in Rice Leafs Dataset
and Paddy Doctor Dataset are shown in
figurel and figure 2.

Table 1. Details of Rice Leaf Disease The Plant
Village Dataset

Leaf Diseases LabelName | Number of original images
Bacterial Blight Labell 1584
Blast Label2 1440
Brown Spot Label3 1600
Tunero Label4 1308
Total 5932

A. The Plant Village Dataset

The dataset contains 5932 images of
diseased rice leaves, which include Bacterial
Blight, Blast, Brown Spot, and Tungro species.
Jpg format type is used in this dataset.
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Figure 1. Simple Image for Each Label

B. Rice Leaf Disease Images Dataset

The dataset contains 10407 leaf images
across ten classes namely nine diseases and
healthy leaves. The detail diseases are shown
as the following table. Jpg format type is
used in this dataset.

downy_mildew

tungro

Figure 2. Simple Image for Each Label

Table 2. Details of Rice Leaf Disease Rice Leaf
Disease Images Dataset

Number of samples
Leaf Diseases Label Name
Number of original images

Bacterial_leaf blight Labell 479
Bacterial_leaf streak Label2 350
Bacterial_panicle_blight Label3 137
Blast Labeld 1738
Brown_spot Label5 965
Dead_heart Label6 1442
Downy_mildew Label7 520
Hispa Label8 Ton
Tungro Label 1088
Normal Label10 1764

Total 10407

4. IMAGE PROCESSING TASKS

A. Pre-processing Step

Firstly, input image is resized into 300 x
300 specific format without losing the
original information. The input image
contains a lot of noise, it has missing values.
Data pre-processing involves removing
noise, an appropriate format to increase
accuracy. It improves data quality. This step
involves data cleaning. Data cleaning
removes the noise contained in the data
using median filter.

Median filtering is a non-linear technique
to remove noise from images. It is widely
used because it is very effective in removing
noise while preserving edges. The median
filter works by going through the image
pixel by pixel, replacing each value with the
median value of the adjacent pixels. The
neighbour model is called a "window",
which slides, pixel by pixel, over the entire
image. The median is calculated by first
selecting all pixel values from the window in
numerical order, and then replacing the pixel
under consideration with the median
(median) pixel value. The simple calculation
of median filter is shown as the following
figure.

3 x 3 neighborhood

38(1791 38(17(91
14(66| 5 14 (38| 5
29(111/42 29111)42

30"”"&\ Aeplacing

5 |14 (1712938426691 |111

Figure 3. Media Filter
B. Feature Extraction

Convolutional Neural Network (CNN): A
convolutional neural network (CNN) [9] is an
artificial network (CNN) that is often designed
to extract features from data. CNN is
specifically designed to reconstruct two-
dimensional shapes with flexibility for
translation, scaling, and other transformations.
The calculation includes feature extraction. A
CNN consists of several levels of convolution
and subsampling followed by highly correlated
output levels. It mainly consists of three types
of layers, namely convolutional, pooling, and
fully-connected layers.
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Each image is divided into equally sized
areas called blocks or patches. Convolutional
layer of the network consists of several maps.
Neurons in one map are forced to share the
same weight. To obtain the activation value for
each hidden unit, the weight connecting the
path in the map must be multiplied by the
input vector. This process is called
Convolution.

Pooling basically works in two ways
namely max pooling and average pooling. In
both methods, a window of predetermined size
is selected. In the Max pooling method, the
largest activation value from the window
values is taken into account. The average
pooling value takes into account the average of
the activation value of the window. In this
study, max pooling concept is applied.

A fully connected layer resembles the
way neurons are arranged in a traditional
neural network. Therefore, every node in a
fully connected layer is directly connected
to every node in both the first and the next
layer. After passing fully connected layer,
features are achieved to classify the image.

12120 | 30| 0

81121 2|0 9 x 2 Max-Pool | 20 [ 30

34 (70 | 37 | 4 112 37

1121100 25 | 12

Figure 4. Process of Max Pooling

C. Pretrained Neural Network

Simply put, neural network pre-training
[12] means pre-training the model for a single
task or data set. Then use the parameters or
model from this training to train another model
on a different task or data set. This is an
example of a head start from the bottom up. In
this paper, resnet50 pre-trained neural network
is applied.

Labell Label2 Label3 Labeld  Total
Labell 158 1 ] 0 159
Label2 0 143 ] 0 143
Label3 0 0 160 0 160
Labeld 0 0 0 131 131
Total 158 144 160 131 593

Figure 5. Confusion Matrix of the Plant
Village Dataset
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Figure 6. Confusion Matrix of Rice Leaf
Disease Images Dataset

5. CLASSIFICATION TASKS
A. Support Vector Machines (SVMs)
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Figure 7. Support Vector Machines

SVM is a class of learning algorithms
widely used for complex data classification
tasks such as image classification and protein
structure analysis. SVM is used in countless
fields of science and industry, including
biotechnology, medicine, chemistry, and
computer science. It has also proved ideally
suited for classifying large textual repositories,
such as those found in almost all large
organizations. The graphical representation of
SVM is shown as the following figure.

6. PERFORMANCE
A. Confusion Matrix (CM)

The confusion matrix is an N x N matrix
used to evaluate the performance of the
classification model, where N is the number of
target clusters. Result of confusion matrix is
described as the following:

Label

Number 1 2 3 4
1 3 0 5 26
2 1 2 13 18
3 0 0 34 0
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B. Sensitivity (True Positive Rate)

Sensitivity [5] measures the number of
correct occurrences found divided by all
correct occurrences. The equation is:

TP

TP+FN (1)

The results for each dataset are described as
the followingtable.

Sensitivity =

Table 3. Sensitivity for the plant village
dataset

Labell | Label2 Label3 Label4

TP Rate | 99.4% 100.0% 100.0% 100.0%

FN 0.60% | 0.00% | 0.00% | 0.00%
Rate

Total 100.0% | 100.0% 100.0% 100.0%

Table 4. Sensitivity value for rice leaf disease
images dataset

Label TP Rate | FP Rate Total

labell 39.5% 60.5% 100%
label2 76.5% 23.5% 100%

label3 96.0% 4.0% 100%
label4 79.7% 20.3% 100%
label5 90.9% 9.1% 100%

label6 89.3% 10.7% 100%
label7 86.4% 13.6% 100%
label8 76.9% 23.1% 100%
label9 79.6% 20.4% 100%
label10 | 39.6% 60.4% 100%

C. Specificity (True Negative Rate)

Specificity measure the proportion of
negative that are correctly identified as
negative. The equations is:

TN

Specificity = m (2)

Table 5. Specificity value for the plant village
dataset

Labell | Label2 | Label3 | Label4

TN Rate | 100.0% | 99.8% 100.0% | 100.0%

FP Rate 0.0% 0.2% 0.0% 0.0%

Total 100.0% | 100.0% | 100.0% | 100.0%
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Table 6. Specificity value for rice leaf disease
images dataset

Label TN Rate FP Rate Total
labell 85.5% 1.5% 100%
label?2 98.8% 1.2% 100%
label3 99.0% 1.0% 100%
label4 92.5% 7.5% 100%
label5 94.4% 5.6% 100%
label6 97.0% 3.0% 100%
label7 95.8% 4.2% 100%
label8 93.8% 6.2% 100%
label9 96.7% 3.3% 100%
label10 98.5% 1.5% 100%

D. Precision

Precision [5] the number of true positives
divided bythe number of true positives plus the
number of false positives. The equation is

TP

Precision = m (3)

Table 7. Precision value for the plant village
dataset

Labell | Label2 | Label3 Label4
Precision | 100.0% | 99.3% | 100.0% 100.0%

Table 8. Precision value for rice leaf disease
images dataset

Precision
labell 70.8%
label2 68.4%
label3 70.6%
label4 60.9%
label5 41.7%
label6 81.3%
label7 30.6%
label8 64.8%
label9 84.1%

label10 89.0%

E. Accuracy

In the classification task, classification
accuracy is the number of true positives (TP)
divided by the total number of elements
belonging to the positive class. The equation is
described as the following.

TP+TN
TPLFN+TN +FP (4)

Accuracies for dataset 1 and dataset 2 are
99.80% and 68.70%.

Accuracy =
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7. CONCLUSION

In this system, image classification with
multilevel SVM is used to develop an
automated and accessible system. The most
important diseases in rice leaves, such as late
blight and early blight, are detected with
minimal computational effort. CNN model
using Transfer learning was designed to
classify leaf diseases. A comparative analysis
was performed to compare CNN with
traditional classifiers in terms of accuracy,
precision, and recall. The results show that this
model is effective for disease detection and
classification. The early stage of this system
can decide the accurate disease of rice leaf.
Therefore, if farmers use appropriate or proper
pesticides for disease, they can take precaution
and prevent the diseases and increase their
product.

Paddy leaf disease classification is
presented in this paper with two datasets.
Mostly used feature extractionmethod namely
neural network is applied. Neural network is
one type of popular methods because it can
detect distinct features than another method.
But after analysing two datasets with same
methods, it can find that dataset is also
important portion to get better classification
results. In the Plant Village Dataset, images are
clearly and captured by mostly defected part.
But in Rice Leaf Disease Images Datasets are
mixed with background portion.
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ABSTRACT

This paper presents a comprehensive weather
monitoring system utilizing machine learning for
accurate weather prediction. All of our daily
activities are greatly impacted by the weather.
Compiling data on various weather boundaries is
important  for both indoor and outdoor
landscaping. The Raspberry Pi worker itself
reviews this data, which comes from the
information sensor, and stores it in text documents
and CSV configurations. The system employs a
Raspberry Pi integrated with DHT22 and BMP180
sensors to collect data on temperature, humidity,
and atmospheric pressure. Collected data is stored
in MongoDB and will be used to predict weather
conditions using decision tree algorithms. Weather
conditions are rainy, sunny, cloudy. It gets highest
temperature 30.8°C and the lowest temperature
30.6°C within 10 minutes. The lowest humidity is
49%rh and the highest humidity is 71%rh. The
highest pressure is 2641.37 Mb and the lowest
pressure is 2640.97 Mb in each minute. This system
aims to provide real-time weather updates and
forecasts for various applications, including
agriculture, and disaster management smart city
implementations using machine learning.

KEYWORDS

MongoDB, Raspberry Pi, Weather Monitoring,
Decision Tree

1. INTRODUCTION

Monitoring weather’s condition plays an
extensive role in every person’s life. The
condition of the environment has a significant
impact on numerous other sectors, including
agriculture, industry, construction, and more.
However, the majority of the evaluated impact
can be observed in industry and agriculture.

Weather monitoring systems are indispensable
tools for tracking environmental changes and
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providing  accurate  weather  forecasts.
Traditional weather monitoring systems often
involve high costs and limited customization
options. The advent of the Internet of Things
(1oT) has enabled the development of more
accessible, cost-effective, and scalable
solutions. This paper details the design,
implementation, and future enhancements of
an loT-based weather monitoring system that
leverages machine learning algorithms for
improved predictive accuracy. The system is
designed to be versatile, catering to various
applications such as agricultural planning,
disaster management, and urban planning.

Weather forecasting is an application of
science and technology which has been
growing as many important factors depending
on the weather forecast.

2. SYSTEM DESIGN

ARCHITECTURE

Figure 1 demonstrates the block-level diagram
of the system. In the proposed system, an
application has been developed on Raspberry
Pi 4 and Arduino Uno. The real-time data is
received from humidity-temperature and
pressure sensors to predict the possibility of
rain on the present day. The output of the
Raspberry Pi is connected to the input of the
Arduino Microcontroller. The data of Digital
Humidity and Temperature (DHT 22) is
processed in Raspberry Pi. The pressure values
sensed by the Barometric Pressure Sensor

AND

(BMP  180) are sent to Arduino
Microcontroller. The UV sensor sends the
voltage and current to Arduino

Microcontroller. Wind speed and direction
sensor gives the wind speed and direction
values to Arduino Microcontroller. Based on
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machine learning techniques, the system
architecture explains the general composition
and constituent parts of meteorological
situations. This system is made up of hardware
and software components that work together to
provide the intended functionality.

Power
Supply
DHT 22

IoT

o
N oy
g
Raspberry
PI4 Uno Wind Speed
Sensor
Wind Direction
Sensor
. S
. J ]

Display on
Monitor

Figure 1. Block Diagram of the System

3. METHODOLOGY

Figure 2 displays this block diagram for the
prediction system based on machine learning.
The machine learning approach is applied as
follow:

e Data Collection: Gather information for this
system.

e Data Pre-processing: The most salient
aspects of the data collection are extracted
for additional usage after all of its attributes
have been processed once. In this paper, data
pre-processing uses handling missing.

e Training and testing using weather data of
Machine Learning Model.

The collected data is then transmitted to a
MongoDB database for storage and analysis.
Python scripts are used to automate data
collection and transmission, ensuring seamless
operation. Decision tree algorithms will be
employed to analyse the stored data and
predict weather conditions. Decision trees are
chosen for their simplicity and effectiveness in
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handling classification and regression tasks,
making them suitable for weather prediction.

Training Data

Classifier Prediction

New Data

Figure 2. Machine Learning-Based Prediction
System

3.1. Hardware Requirements

Raspberry Pi 4: A versatile single-board
computer used for data collection and
processing. It is capable of connecting sensors
and other devices with its 40-pin expanded
GPIO.

DHT22: A sensor for measuring temperature
and humidity. It is used to measure both
temperature and relative humidity in the
environment. The sensor is known for its
accuracy and reliability, providing precise data
with a wide measurement range. In this
system, DHT 22 sensor senses a temperature
of 30.7 °C and humidity of 47.7 %rh at
monitor. But it can be varied depending on the
weather and region.

BMP180 Barometric Pressure Sensor: This
high accuracy sensor monitors the barometric
pressure or atmospheric pressure. The output
of the sensor is digital. It utilizes the protocol
for interconnected circuits. In this paper, the
pressure value of 1006.716 Mb can be
achieved by BMP 180 sensor.

UV Sensor: The strength or intensity of
incident ultraviolet (UV) light is measured by
UV sensors. Though its wavelengths are less
than those of visible light, this type of
electromagnetic radiation is still longer than x-
rays. In this process, 4.44 VV and 0.4 mA can
be obtained by this sensor.

Wind Speed Sensor: The top three wind cups
rotate due to the wind created by the airflow
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and the internal sensor element is driven by
the centre axis to produce an output signal that
can be used to calculate wind speed. In north
of west direction, the wind speed optimizes 4
km/h. But south of west direction, it enhances
6 km/h.

The data collection process begins with the
Raspberry Pi gathering readings from the
DHT22 and BMP180 sensors at regular
intervals. These readings include temperature,
humidity, and atmospheric pressure.

3.2. Software Requirements

Python: Python is a high-level programming
language. The automatic memory management
and dynamic type system are its salient
features. Used for scripting data collection and
processing.

MongoDB: MongoDB is a cross-platform,
document-oriented database that is open
source. A NoSQL database for storing sensor
data.

Decision Tree Algorithm: Used for weather
predication based on historical data. A
decision tree is a flowchart- like tree- structure
where each internal node denotes the feature,
branches denote the rules and the leaf nodes
denote the result of the algorithm.

The mathematical expression for entropy (H)

H(S) = X —p(c)log,p(c) 1)

S = The current (data) set for which entropy is
being calculated

C = Set of classes in S, C = {yes, no}

p(c) = The proportion of the number of
elements in class C to the number of elements
insetS

The mathematical expression for Information
Gain (1G)

I6(A,S) =H(S)— Zp(DH(t)IG(AS) (2)
where,
H(S) = Entropy of set S

p(t)y = The proportion of the number of
elements in t to the number of elements in set
S

H (t) = Entropy of subset t
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Different methods that improve system are
described for handling missing or corrected
sensor data in Table 1.

Table 1. Methods for Handling Missing to
Improve System

No. Methods Contents

1 K-Nearest The results of the dataset's
Neighbors closest and most
(KNN) comparable data points are
Imputation used to impute missing

data.

2 Machine Advanced machine
Learning- learning models can be
Based trained on the available
Imputation data to predict missing

values based on patterns
(Random and relationships between
Forest) different variables.
3 Kalman Filter | A recursive algorithm that
estimates the true state of
a dynamic system by
considering the
measurement noise and
uncertainties. It can
smooth out noisy or
corrupted sensor data by
using past information.

The effectiveness of the Machine Learning-
Based Imputation approach in addressing
missing or corrupted sensor data is contingent
upon the unique attributes of the data, the
system's criticality, and the computational
resources at hand.

Data collected by the sensors is transmitted
wirelessly to a central server where it is stored
in MongoDB. The system is designed to be
scalable and energy-efficient, making it
suitable  for  deployment in  various
environments, including remote areas.

e Sensor Calibration and Data Accuracy

To make sure that the data gathered is
accurate, sensors are calibrated regularly.
Calibration  includes comparing sensor
readings to established reference values and
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adjusting as needed to address any differences
found. The DHT22 and BMP180 sensors used
in this system are known for their great
dependability and accuracy, making them
suitable for precise weather monitoring.

o Data Transmission and Storage

Wi-Fi is used to send the sensor-gathered data
to the central server. The Raspberry Pi,
equipped with a Wi-Fi module, ensures
seamless data transmission. MongoDB is
chosen for data storage due to its scalability
and flexibility in handling large volumes of
unstructured data. The database schema is
designed to efficiently store time-series data,
allowing for easy retrieval and analysis.

Case Study 1: Agricultural Applications

In an agricultural setting, accurate weather
data is crucial for planning planting and
harvesting activities. The weather monitoring
system was deployed in a farm to provide
current temperature data, humidity, and soil
moisture levels. Farmers used this data to
optimize irrigation schedules, resulting in
improved crop yields and water conservation.
The integration of loT-based weather
monitoring in  agriculture  demonstrated
significant benefits, including reduced water
usage and enhanced crop productivity.

Case Study 2: Disaster Management

The weather monitoring system was deployed
in a disaster-prone area to provide early
warnings for extreme weather conditions such
as floods and storms. Authorities were able to
lessen the impact of natural disasters on the
local population by issuing timely notifications
and putting evacuation plans into action
because to the real-time data the system
collected. The system’s ability to provide
accurate and timely weather information
proved invaluable in mitigating the effects of
extreme weather events.

4. TEST AND RESULT

Detailed insights into the data dependencies
are provided by categorization. The primary
outcome anticipated from this effort is the
determination of whether or not rain is forecast
on a given day based on sensor data, the graph
illustrates how humidity and temperature
affect rain.
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The prediction of hourly and daily data is
described as shown in Figure 3. Daily
temperature, humidity and pressure are
included in the data sets. The new data set for
day 10.5.2024, which was created by
averaging the values, is displayed in Figure 6.

A B C D E

1 |_id _Iimes!amp tempC tempF humidity
2 |663dd1b6: 2024-05-10714:20:14.0902 30.6 87.08 47.1
3 |663dd1b9: 2024-05-10T14:20:17.4862 30.6 87.08 47.2
4 663dd1bcz 2024-05-10T14:20:20.841Z 30.6 87.08 47.2
5 |663dd1c0z 2024-05-10T14:20:24.2087 30.6 87.08 47.2
6 |663dd1c3z 2024-05-10T14:20:27.5622 30.6 87.08 47.3
7 |663dd1c6z 2024-05-10T14:20:30.9602 30.6 87.08 47.3
8 |663dd1cac 2024-05-10T14:20:34.3242 30.6 87.08 47.6
9 663dd1cdz 2024-05-10T14:20:37.708Z 30.7 87.26 47.7
10 663dd1d1: 2024-05-10T14:20:41.0742 30.7 87.26 47.6
11 663dd1d4: 2024-05-10T14:20:44.4267 30.5 86.9 47.4
12 663dd1d7: 2024-05-10T14:20:47.7672 30.6 87.08 47.5
13 663dd1de: 2024-05-10T14:20:54.4442 30.6 87.08 47.3
14 663ddlel: 2024-05-10T14:20:57.7892 30.6 87.08 47.3
15 663dd1e5: 2024-05-10T14:21:01.170Z 30.6 87.08 47.3
16 663dd1e8: 2024-05-10T14:21:04.5127 30.6 87.08 47.3
17 663dd1eb: 2024-05-10T14:21:07.8472 30.6 87.08 47.3
18 663dd1efa 2024-05-10T14:21:11.1832 30.6 87.08 47.3
19 663dd1f2a 2024-05-10T14:21:14.5727 30.7 87.26 47.4
20 663dd1f5a 2024-05-10T14:21:17.9372 30.7 87.26 47.4
21 663dd1f9a 2024-05-10T14.21:21.3052 30.7 87.26 47.4
22 663dd1fca 2024-05-10T14:21:24.6847 30.6 87.08 47.4
23 663dd203: 2024-05-10T14:21:31.3697 30.6 87.08 47.4
24 663dd206: 2024-05-10T14:21:34.7312 30.6 87.08 47.4
25 663dd20a: 2024-05-10T14:21:38.1082 30.7 87.26 47.6

Figure 3. Derived Data Set from Data by
Averaging for day 10.5.2024

Figure 4 shows the new data set of day
11.5.2024 in Pyinsrar village, Pyin Oo Lwin
derived by averaging the values.

A B C D E
1
1 _id timestamp tempC tempF humidity |
2 663ed097:2024-05-11T08:2 26.2 79.16 66.4
3 6632ed09c; 2024-05-11T08:: 26.3 79.34 67.5
4 663ed0a7c¢2024-05-11T08:: 26.2 79.16 67.5
5 663edDabc2024-05-11T08:: 26.2 79.16 67.5
6 ©663edDafd 2024-05-11T08:2 26.2 79.16 67.5
7 663ed0b2c2024-05-11T08:2 26.2 79.16 67.5
8 663ed0b5¢2024-05-11T08:2 26.3 79.34 67.5
9 663ed0b9¢ 2024-05-11T08:2 26.2 79.16 67.6
10 663edObcc 2024-05-11T08:2 26.2 79.16 67.4
11 |663ed0bfd 2024-05-11T08:2 26.2 79.16 67.4
12 |663ed0c3c 2024-05-11T08:2 26.2 79.16 67.4
13 663ed0c6c 2024-05-11T08:2 26.2 79.16 67.4
14 663edOcac 2024-05-11TO8:Z 26.3 79.34 67.4
15 | 6623ed0cdc 2024-05-11T08&:2 26.2 79.16 67.4
16 663ed0d0c 2024-05-11T08:2 26.4 79.52 675
17 | 663ed0d4c 2024-05-11T08:: 26.2 79.16 67.3
18 | 663ed0d7¢ 2024-05-11T08:2 26.3 79.34 67.4
19 663ed0dac 2024-05-11T08:2 26.3 79.34 67.5
20 663ed0dec 2024-05-11T08:2 26.3 79.34 67.4
21 663edOedc 2024-05-11T08:2 26.2 79.16 67.2
22 | 663ed0e8¢ 2024-05-11T08:2 26.3 79.34 67.8
23 663edDebc 2024-05-11T08:2 26.3 79.34 67.6
24 663edOeec 2024-05-11T0O8:2 26.2 79.16 67.5
25 663ed0f2d 2024-05-11TO08:: 26.3 79.34 67.5
26 663ed0fSd 2024-05-11T08:2 26.2 79.16 67.3
27 | 663ed0f8d 2024-05-11T0&:Z2 26.4 79.52 67.4

Figure 4. Derived Data Set from Data by
Averaging for day 11.5.2024 without Pressure
Conditions
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A B C D E F G
1 |_id _rimestamp tempC  tempF  humidity pressure pressure rain
2 |663ed097. 2024-05-11T08:27:43 26.2 79.16 66.4 2651.763 1006.716
3 |663ed09c; 2024-05-11T08:27:48 26.3 79.34 67.5 2651.616 1007.083
4 |663ed0a7( 2024-05-11T08:27:59 26.2 79.16 67.5 2051.852 1006.165
5 |663ed0abe 2024-05-11T08:28:03 26.2 79.16 67.5 2651.881 1006.716
6 |663ed0afd 2024-05-11T08:28:07 26.2 79.16 67.5 2652 1006.257
7 |663ed0b2c 2024-05-11T08:28:10 26.2 79.16 67.5 2651.97 1006.899
8 |663ed0b5¢ 2024-05-11T08:28:13 26.3 79.34 67.5 2051.852 1006.257
9 |663ed0bOc 2024-05-11T08:28:17 26.2 79.16 67.6 2651.97 1006.991
10 |663ed0bce 2024-05-11T08:28:20 26.2 79.16 67.4 2651.704 1006.165

663ed0bfd 2024-05-11T08:28:23 26.2 79.16 67.4 2652.206 1006.073

12 |663ed0c3c 2024-05-11708:28:27 26.2 79.16 67.4 2652.059 1006.716
13 |663ed0c6c 2024-05-11T08:28:30 26.2 79.16 67.4 2652.029 1006.808
14 |663ed0cac 2024-05-11T08:28:34 26.3 79.34 67.4 2651.852 1006.532
15 |663ed0cdc 2024-05-11T08:28:37 26.2 79.16 67.4 2651.852 1006.899
16 |663ed0d0c 2024-05-11T08:28:40 26.4 79.52 67.5 2651.97 1006.44
17 |663ed0d4( 2024-05-11T08:28:44 26.2 79.16 67.3 2651.852 1006.716
18 |663ed0d7r 2024-05-11T08:28:47 26.3 79.34 67.4 2652.029 1005.155
19 |663ed0dar 2024-05-11T08:28:50 26.3 79.34 67.5 2651.881 1006.44
20 |663ed0der 2024-05-11T08:28:54 26.3 79.34 67.4 2651.941 1006.808
21 |663ed0e4c 2024-05-11T08:29:00 26.2 79.16 67.2 2651.97 1005.981
22 |663ed0e8 2024-05-11T08:29:04 26.3 79.34 67.8 2652.029 1006.44
23 |663edOebr 2024-05-11T08:29:07 26.3 79.34 67.6 2652.147 1005.981

o
=

663edOeec 2024-05-11T08:29:10 26.2
663ed0f2d 2024-05-11T08:29:14 263

79.16 67.5 2651.97 1006.44
79.34 67.5 2651.941 1006.349

o
w

Figure 5. Derived Data Set from Data by
Averaging with Pressure Conditions

Figure 6 shows the data are achieve from
measuring using decision tree of in machine
learning algorithms. Temperature changes in
each minute.
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Figure 6. Temperature Changes in Each
Minute from Decision Tree Algorithm
Measure of this System

In this result, highest temperature is 30.8°C
and the lowest temperature is 30.6°C within 10

H
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minutes. From this result, temperature changes
in every minute can be easily recorded. The
data are measured in Pyinsar village, Pyin Oo
Lwin.

Figure 7 shows humidity changes during 5%
May 2024 in each minute. In this result,
highest humidity is 50.5%rh and the lowest
humidity is 47.1%rh within 10 minutes. In
looking this result, suitable for agriculture.

In agriculture, accurate weather data is
essential for optimizing irrigation schedules,
planning planting and harvesting activities,
and protecting crops from extreme weather
conditions. The weather monitoring system
can provide farmers with real-time data and
accurate forecasts, enabling them to make
informed decisions and improve crop yields.

Time (miniute) Vs Humidity (%orh)
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Figure 7. Humidity Changes in Each Minute
from Decision Tree Algorithm Measure of this
System

Figure 8 shows temperature changes in daily
maximum temperature (°C) during 10" May
2024. In this result, highest temperature is
30.5°C and the lowest temperature is 25.1°C in
daily recorded. In the same way, monthly
temperatures can be recorded.

In smart cities, weather monitoring systems

can enhance urban planning and management.
Real-time weather data can be used to
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optimize energy consumption, manage traffic
flow, and improve public safety using solar
system. The integration of loT-based weather
monitoring systems with other smart city
technologies can lead to more efficient and
sustainable urban environments.
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Figure 8. Temperature Changes in Daily
Temperature
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Figure 9. Humidity Changes in Daily from
Decision Tree Algorithm
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Daily Humidity changes is shown in Figure 9.
In this figure, result shown the lowest
humidity is 49%rh and the highest humidity is
71%rh. In the same way, monthly humidity
can be recorded.

The data are achieved from measuring using
decision tree of in machine learning
algorithms as show in Figure 10. Pressure
changes in each minute. In this result, highest
Pressure is 2641.37 Mb and the lowest
pressure is 2640.97 Mb in each minute. From
this result, Pressure changes in every minute
can be easily recorded using machine learning
algorithms.

Time Vs Pressure(Mb)
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Figure 10. Pressure Changes in Each Minute
from Decision Tree Algorithm Measure of this
System

5. CONCLUSION

This paper presents a comprehensive weather
monitoring system that leverages loT and
machine learning technologies to provide
accurate and real-time weather data. In this
paper, shown temperature and humidity in
every minute and daily result using decision
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tree method. The system's low cost, scalability,
and customizability make it suitable for a wide
range of applications. The successful
implementation of this system demonstrates
the potential of loT and machine learning in
revolutionizing weather monitoring  and
forecasting.

In this paper, the collection of data is
measured in Pyinsar village, Pyin Oo Lwin.
Using decision tree algorithm, it gets
maximum and lowest temperature are 30.8°C
and 30.6°C within 10 minutes. The lowest and
highest humidity are 49%rh and 71%rh. It gets
the highest pressure is 2641.37 Mb and the
lowest pressure is 2640.97 Mb in each minute.
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