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Abstract

This research project focuses on the development of a real-time object detection net-
work using TensorFlow, a widely adopted deep learning framework. The primary objective
of our study is to design an efficient and accurate system capable of detecting specific hand
gestures in real-time scenarios. The hand gestures considered are thumbs up, thumbs down,
victory sign, and live long sign.

To accomplish this, we employ deep learning techniques, particularly convolutional
neural networks (CNN5s), which have demonstrated exceptional performance in image recog-
nition tasks, making them well-suited for object detection.The network is implemented and
trained using TensorFlow, a powerful and flexible framework specifically designed for deep
learning applications.

The main goal of the proposed network is to achieve real-time performance, enabling it
to swiftly process video or image frames and provide precise and timely detection of hand
gestures. Real-time hand gesture detection holds practical significance in various fields,
including human-computer interaction and gesture-based control systems.

The research involves the design and optimization of the object detection network ar-
chitecture. We train the network using a small custom dataset that we collected and anno-
tated, consisting of hand images depicting thumbs up, thumbs down, victory sign, and live
long sign gestures. The performance of the network is evaluated using appropriate metrics,
including object detection accuracy, processing speed, and resource utilization.

Furthermore, we explore supplementary techniques such as transfer learning, data aug-
mentation, and model compression to enhance the performance and efficiency of the net-
work. These techniques are implemented to reduce computational requirements while
maintaining or even improving the accuracy of hand gesture detection.

By combining the capabilities of TensorFlow, our custom dataset, and deep learning



techniques, our research aims to provide an effective and reliable system for real-time
hand gesture detection. The outcomes of this study contribute to advancements in human-
computer interaction, sign language recognition, and various applications that benefit from

precise hand gesture analysis.

vi



Table of Contents

1 Introduction
1.1 Background and Motivation . . . . .. .. .. .. ... ... .. ...
1.2 Problem Statement . . . . .. . ... ...
1.3 ResearchObjectives . . . . . . . . . . . . .. . i
1.4 Scope and Limitations . . . . . . .. . . .. ... .o

Literature Review

2.1 Introduction to Deep Learning . . . . .. ... ...
2.2 Convolutional Neural Networks for Object Detection
2.3 Related Research and Technologies . . . .. .. ..

Methodology
3.1 System Architecture . . . . . . ... ... ... ...
3.2 System Requirements and Specifications . . . . . . .
3.2.1 Hardware Requirements . . . .. ... ...
3.2.2 Software Requirements . . . . . . ... ...
3.2.3 Dataset Requirements . . . ... ... ...
3.2.4 Platform Requirements . . . . .. ... ...
3.3 Dataset Preparation . . . . ... ... ........
3.4 Deep Learning Model Selection . . . ... ... ..
3.5 Hyperparameter Tuning . . . . . .. ... ... ...
3.6 Training Strategy . . . . . .. ... ... ... ...
3.7 Evaluation Metrics . . . . ... ... ... .....
3.8 Implementation of the Model . . . . . ... ... ..

Results and Discussion

4.1 Evaluation and Analysis of the Model Performance .
4.1.1 TrainingLosses . . . . . ... ... .....
4.1.2 EvaluationResult . . . . . ... ... ....

4.2  Evaluation Results for Hand Detection . . . . . . . .

4.3 Comparison with Existing Solutions . . . . . .. ..

Vil

12
12
13
13
13
14
15
15
19
21
21
22
22



5 Conclusion and Future Work 34

5.1 Summary of Contributions . . . . . . . ... ... ... .. 34
5.2 Limitations and Future Directions . . . . . . . . . . . . . . .. .. .... 35
5.3 Conclusion . . . . . . . . e, 35
Bibliography 37

viil



List of Tables

4.1 Training Losses . . . . .. ... ... ....

4.2 Evaluation Results for Annotation Type mask

1X



3.1
3.2
33
34
3.5

4.1
4.2
4.3
4.4

List of Figures

Dataset Preparation Workflow . . . . .. ... .. ... ... ....... 17
Image Collection Workflow . . . . . ... ... ... ... ......... 18
Dataset of Hand Gesture Images . . . . . . ... ... .. ... ...... 19
MobileNetv2-SSD Architecture (23) . . . . . . . . . . . .. ... .. 20
Training and Evaluation Workflow . . . . . .. ... ... .. ... .... 23
Hand Detection: Thumbs Up Gesture (Precision=100%) . . . . . . . . .. 30
Hand Detection: Thumbs Down Gesture (Precision=93%) . . . .. .. .. 31
Hand Detection: Live Long Gesture (Precision=99%) . . . ... ... .. 31
Hand Detection: Victory Gesture (Precision=100%) . . ... ... .. .. 32



Chapter 1

Introduction

1.1 Background and Motivation

In our research project, we focused on the task of hand detection and classification,
which holds significant relevance in various applications. The ability to accurately detect
and classify hand gestures can enable intuitive human-computer interaction, sign language
recognition, and gesture-based control systems, among other applications.

To accomplish this task, we employed the TensorFlow Object Detection API , which
provides a framework for developing object detection models using deep learning techniques(23)
. Specifically, we utilized a pretrained model available in the TensorFlow Object Detection
API and fine-tuned it on our custom small dataset of hand images. The dataset was col-
lected and annotated to include four distinct labels, allowing us to classify different hand
gestures accurately.

Range-based obstacle detection systems, such as ultrasonic sensors, lasers, radar, stereo
vision, and optical flow, are commonly utilized in various mobile applications. However,
for the specific task of hand detection and classification, these range-based sensors may not

be the most suitable option. Range sensors typically excel at detecting obstacles in the envi-



ronment but may face challenges when it comes to precise hand detection and classification
due to their limitations in measuring fine details and capturing color information.

Deep learning, a subset of machine learning, offers a powerful approach to address the
complexities of hand detection and classification(7). By leveraging mathematical func-
tions, deep learning models can extract non-redundant information and patterns from data,
enabling the establishment of a relationship between input (hand images) and output (clas-
sification labels).

In traditional computer programming, achieving the desired output often relies on ex-
plicit rules and logic. In contrast, deep learning models learn the underlying patterns and
features directly from the data through a training process(3). This flexibility allows the
models to adapt and generalize well to unseen hand gestures, improving overall accuracy
and performance.

By utilizing the TensorFlow Object Detection API (which is an open-source framework
built on top of TensorFlow that makes it easy to construct, train and deploy object detec-
tion models)(17) and deep learning techniques, our research aims to develop an efficient
and accurate system for real-time hand detection and classification. This system has the po-
tential to contribute to advancements in human-computer interaction, gesture recognition,

and various other applications that benefit from precise hand gesture analysis.

1.2 Problem Statement

The objective of our research is to address the challenge of real-time identification and
classification of hand gestures using deep learning techniques. Specifically, we aim to
develop a robust and efficient system that can accurately detect and classify hand gestures,
including thumbs up, thumbs down, victory sign, and live long sign, in real-time scenarios.

To achieve this, we utilized a custom hand dataset and leveraged the TensorFlow Object



Detection (TFOD) models within the Colab and Kaggle environments. Our Python-based
implementation capitalizes on the capabilities of deep learning to build an effective neural
network model.

Previous studies have demonstrated the effectiveness of neural networks in object detec-
tion tasks. However, adapting these techniques specifically for hand gesture identification
presents unique challenges. Our research builds upon this prior work, taking into account
the lessons learned and developing innovative solutions to address these challenges.

In our study, we employed the Python programming language and utilized a neural
network to detect and classify the hand gestures of interest. The proposed methodology
involves training the neural network to detect the edges and features of thumbs up, thumbs
down, victory sign, and live long sign gestures. We utilized the TensorFlow framework to
facilitate training, testing, and evaluation of the neural network model’s performance.

Through detailed analysis and evaluation, we assess the accuracy and efficiency of our
proposed approach in real-time hand gesture identification. The outcomes of this research
will contribute to advancements in human-computer interaction, gesture recognition, and

related applications, allowing for intuitive and natural interaction with digital systems.

1.3 Research Objectives

Object detection is a fundamental task in computer vision that involves identifying and
localizing objects within an image or video. Real-time object detection refers to the ability
to perform this task in real-time, typically at high frame rates, enabling applications such
as autonomous driving, surveillance systems, and robotics.

The problem at hand is to develop a deep learning model for real-time object detection
using TensorFlow, a popular deep learning framework. The goal is to design a network

architecture that can accurately and efficiently detect objects in real-time, providing both



bounding box coordinates and class labels for each detected object.The primary objective
of our research is to develop a deep learning model for real-time object detection using
TensorFlow, a widely adopted deep learning framework. The specific goals of our study

are as follows:

1. Network Architecture Design: Design an efficient and effective network architecture

that can accurately detect objects in real-time scenarios.

2. Object Localization: Develop a model that provides precise bounding box coordi-
nates for each detected object, allowing for accurate localization within the image or

video.

3. Real-Time Performance: Achieve real-time performance by optimizing the network’s

processing speed, enabling it to process image or video frames at high frame rates.

4. Object Classification: Implement a system that assigns appropriate class labels to the

detected objects, enabling comprehensive object identification and categorization.

5. Evaluation Metrics: Establish appropriate evaluation metrics to assess the accuracy
and efficiency of the proposed deep learning model, considering factors such as ob-

ject detection accuracy, processing speed, and resource utilization.

By addressing these research objectives, we aim to contribute to the advancement of
real-time object detection capabilities, enabling the development of applications in various

domains, including autonomous driving, surveillance systems, and robotics.

1.4 Scope and Limitations

1. Data Availability: The effectiveness of our deep learning model for real-time object

detection using TensorFlow is reliant on the availability and quality of the hand ges-
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ture dataset we collected and annotated. Sufficient data is crucial for the model to
learn the intricate patterns and variations associated with thumbs up, thumbs down,

victory sign, and live long sign gestures.

. Model Complexity: Developing an optimal deep learning model for our specific hand
gesture detection task requires careful consideration of the model’s complexity. Find-
ing the right balance between model complexity and the complexity of the hand ges-

ture data is essential to ensure accurate and efficient detection.

. Generalization to Similar Gestures: The focus of our research is on real-time detec-
tion and classification of thumbs up, thumbs down, victory sign, and live long sign
gestures. The model’s performance may vary when applied to other similar hand
gestures or gestures outside the defined scope. The model’s ability to generalize to

unseen variations or different hand orientations may be limited.

. Computational Requirements: Deep learning models, including the one developed in
this research, tend to be computationally intensive. Training and running the model
on large-scale datasets can require significant computational resources and time. The
availability of suitable hardware and computational infrastructure is essential to sup-

port the training and real-time inference of the model.

. Energy Consumption: The computational intensity of deep learning models, cou-
pled with their resource requirements, can result in high energy consumption during
training and inference. Energy efficiency considerations may be necessary when de-
ploying the real-time object detection system in power-constrained environments or

resource-limited devices.

. Understanding the scope and limitations specific to our research on real-time hand

gesture detection using TensorFlow helps provide a clear understanding of the factors



that may influence the performance and practicality of the developed system.



Chapter 2

Literature Review

2.1 Introduction to Deep Learning

Deep learning algorithms have shown superior learning and classification performance
in areas such as transfer learning, speech and handwritten character recognition among
others (11). In other words, a deep learning algorithm automatically extracts the low- and
high-level features necessary for classification. By high level features, one means feature
that hierarchically depends on other features. For instance, in the context of computer vi-
sion, this implies that a deep learning algorithm will learn its own low level representations
from a raw image (such as edge detector, gabor filters, etc...), then build representations that
depend on those low level representations (such as a linear or non-linear combinations of
those low-level representations), and successively repeat the same process for higher levels.
Automatic representation learning is key point of interest of this kind of approach as the
need for potentially time consuming handcrafted feature design is eliminated. In statisti-
cal machine learning, a major issue is the selection of an appropriate feature space where
input instances have desired properties for solving a particular problem. For example, in

the context of supervised learning for binary classification, it is often required that the two



classes are separable by an hyperplane. In the case where this property is not directly sat-
isfied in the input space, one is given the possibility to map instances into an intermediate
feature space where the classes are linearly separable. This intermediate space can either
be specified explicitly by hand-coded features, be defined implicitly with a so-called kernel
function, or be automatically learned. In both of the first cases, it is the user’s responsibility
to design the feature space. This can incur a huge cost in terms of computational time or
expert knowledge, especially with highly dimensional input spaces, such as when dealing
with images. As for the third alternative, automatically learning the features with deep
architectures, i.e. architectures composed of multiple layers of nonlinear processing, can
be considered as a relevant choice. Indeed, some highly nonlinear functions can be rep-
resented much more compactly in terms of number of parameters with deep architectures
than with shallow ones (e.g. SVM). For example, it has been proven that the parity function
for n-bit inputs can be coded by a feed-forward neural network with O(log n) hidden layers

and O(n) neurons, while a feed-forward neural network

2.2 Convolutional Neural Networks for Object Detection

Convolutional Neural Networks (CNNs) have proven to be highly effective for object
detection tasks (21). Object detection involves localizing and classifying objects within an
image or a video. CNNs excel at capturing hierarchical representations of images, making
them ideal for object detection.

These CNN-based object detection approaches have achieved state-of-the-art perfor-
mance on benchmark datasets such as COCO (Common Objects in Context) and PASCAL
VOC (Visual Object Classes). They have enabled advancements in various applications,

including autonomous driving, surveillance systems, and image understanding tasks.



2.3 Related Research and Technologies

By reviewing previous studies, we adopted Most 24 famous and modern Researches.Researches

can be devided into several catagoties based on:

1. Dataset used: Several datasets were used in the papers reviewed, including the COCO
dataset ((7; 9; 10; 12; 14; 23; 25) ) , Pascal VOC dataset ((1; 17; 18)),KITTI dataset
((8; 13)), YOLOV3 dataset ((2)), and custom datasets ((3; 4; 5; 6; 15; 24; 26)).

2. Preprocessing images: Preprocessing images is an essential step in deep learning
object detection.Some papers used data augmentation techniques such as rotation,
flipping, and scaling ((5; 9; 10; 14; 23)) , while others used histogram equalization
and contrast enhancement ((1; 17; 18)) . Some papers also used image resizing ((7;

8; 13)), and cropping ((2; 12; 20)).

3. Real-time: Most papers claimed to achieve real-time performance, but the definition
of real-time varied among papers. Some papers achieved real-time performance on
a desktop computer ((10; 14; 25)), while others achieved it on a mobile device ((2)).
Some papers specified their real-time performance in terms of frames per second

(fps) ((7; 12; 13; 23))

, while others specified it in terms of milliseconds (ms) ((1; 3; 4; 6; 8; 9; 15; 16; 18;
20; 24, 26)).

4. Detection Method: Most papers used two-stage detectors, including Faster R-CNN
((5; 6; 7; 8; 12; 14; 15; 20; 24; 26)), and Mask R-CNN ((3; 10; 23)), RetinaNet((1;
2;9; 17; 18; 25)).0Only one paper used a one-stage detector, YOLOV3 ((2)).

5. Region-based Object Detection: All the papers that used two-stage detectors em-

ployed region-based object detection.



6.

10.

Anchor-Based vs. Anchor-Free Detection: Most papers used anchor-based object
detection ((5; 6; 7; 8; 10; 12; 13; 14; 15; 20; 23; 24; 25; 26)), while some used
anchor-free object detection ((1; 2; 3; 4; 9; 17; 18)).

. Architecture: Several studies have explored the impact of different architectures on

object detection performance. For instance, YOLOv4 ((1; 4; 14; 20; 23)), and Effi-
cientDet ((1; 4; 17; 20; 25)) have been shown to provide better accuracy and faster
processing speed compared to other architectures like Faster R-CNN ((1; 4; 14; 20;
25))and SSD ((1; 4; 14; 20)). Some studies have also investigated the effectiveness

of combining multiple architectures ((14; 20; 25)).

. Transfer Learning: Many studies have used pre-trained models,such as those from

ImageNet ((1; 3; 4; 8; 14; 25)) to initialize their object detection models. Some
studies have also explored domain adaptation techniques, such as fine-tuning the

model on the target domain ((3; 7; 8; 12)).

Level of Supervision: Object detection models can be trained with different levels
of supervision, ranging from fully-supervised to weakly-supervised or unsupervised
learning. Many studies have used fully-supervised learning, where bounding box
annotations are provided for each object in the training set ((1; 4; 8; 14; 20; 23; 25)).
Some studies have also explored weakly-supervised learning, where only image-level

labels are provided ((3; 7; 12; 18; 25)).

Evaluation Metric: Various evaluation metrics have been used to assess the perfor-
mance of object detection models, including mean average precision (mAP), preci-
sion, recall, and F1-score. mAP is the most commonly used metric, as it provides
a comprehensive measure of the model’s performance across multiple object cat-

egories. Many studies have reported mAP scores to compare the performance of

10



11.

12.

different object detection models ((1; 4; 7; 8; 12; 14; 20; 23; 25)).

Application Domain: Object detection has numerous applications in various do-
mains, including surveillance, autonomous driving, robotics, and medical imaging.
Several studies have explored object detection in specific domains, such as traffic

surveillance ((2; 6; 13)) underwater object detection ((5; 19)),medical imaging ((15))

Object Detection in Video: Object detection in video presents several challenges,
such as motion blur and occlusion. Many studies have explored techniques to address
these challenges, such as motion compensation ((22; 26)), object tracking ((16)) ,and

temporal fusion ((9))
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Chapter 3

Methodology

3.1 System Architecture

The system architecture for our project incorporates several essential components. Python
serves as the primary programming language for implementation, while TensorFlow, a
widely-used deep learning framework, forms the core of the object detection network.
Real-time image acquisition of hand gestures is facilitated through the utilization of a web-
cam, which continuously captures and streams input data to the object detection model. For
efficient management of large-scale datasets, Kaggle, a renowned data science platform,
provides resources for dataset storage and access. Additionally, Colab, a collaborative plat-
form, offers an environment for executing code and harnessing GPU resources. To expedite
development, pretrained models from the TensorFlow Object Detection (TFOD) API are
leveraged as a starting point, enabling transfer learning for the object detection network. By
integrating these components seamlessly, the system architecture enables real-time object

detection of hand gestures using state-of-the-art deep learning techniques.

12



3.2 System Requirements and Specifications

3.2.1 Hardware Requirements
* A computer or server with a compatible operating system.

* Sufficient processing power to handle deep learning computations, ideally with a
GPU (Graphics Processing Unit) for accelerated training and inference. For our
project, we have relied on the resources available through Kaggle and Colab envi-

ronments.

* Sufficient memory (RAM) to accommodate the size of the dataset and the computa-
tional requirements of the deep learning models. For our project, we utilized the hard

disk space available within the Kaggle and Colab environments.

* A webcam or camera device capable of capturing high-quality images for real-time

input. For our project, we utilized the webcam provided with our computer.

3.2.2 Software Requirements
To implement the project, the following software requirements need to be satisfied:

* Python programming language (version 3.9.7): Python is a versatile and widely
used programming language known for its simplicity and extensive library support.

It provides a robust foundation for implementing the project’s functionalities.

* TensorFlow deep learning framework (version 2.11): TensorFlow is a powerful
open-source deep learning framework developed by Google. It offers a comprehen-
sive ecosystem for building and training machine learning models. TensorFlow pro-
vides efficient computation and supports a variety of neural network architectures,

making it ideal for developing object detection models.

13



* TensorFlow Object Detection (TFOD) API: The TFOD API is an extension of
TensorFlow specifically designed for object detection tasks. It provides a collection
of pre-trained models, as well as utility functions and tools for training custom object
detection models. The TFOD API simplifies the process of building and deploying

object detection systems.

* Necessary Python packages: Several Python packages are required for data manip-
ulation, visualization, and image processing tasks. These include numpy, a powerful
numerical computing library; matplotlib, a popular plotting library for gener-
ating visualizations; and OpenCV, a computer vision library for image and video
processing. These packages provide essential functionalities for handling data and

images in the project.

* The rar command-line utility: The project utilizes the rar command-line utility
for compressing and extracting RAR archives. This utility is essential for handling

compressed files efficiently and ensuring seamless data management.

By ensuring that these software requirements are met, you will have the necessary tools

and libraries to implement the object detection project effectively.

3.2.3 Dataset Requirements

* A dataset of hand gesture images labeled with corresponding object classes (thumbs-

up, thumbs-down, live long, victory).

* Sufficient variation and diversity in the hand gestures captured in the dataset to ensure
robust model performance in real-time scenarios. For our project, we have relied on

hand gestures from four individuals to ensure variation.

14



* Proper annotation of the images in a format compatible with the TFOD API. We used

the Labellmg tool to label the images with XML format.

* Splitting the dataset into training and testing subsets for model training and evalua-
tion. We allocated 70% of the dataset for training purposes, while the remaining 30%

was reserved for testing and evaluation.

3.2.4 Platform Requirements

* Google Colab and Kaggle platforms for executing the project code and utilizing GPU
resources. We used Colab for image collecting and labeling, while we used Kaggle

for training our model.

* Stable internet connection for data download, package installation, and collaborative

work.

It is crucial to ensure that the hardware and software requirements are met to effectively
execute the project and achieve optimal performance. Additionally, adherence to dataset re-
quirements and platform specifications is essential for seamless integration and successful

completion of the deep learning-based real-time object detection system using TensorFlow.

3.3 Dataset Preparation

In the dataset preparation phase Figure 3.1, we meticulously curated a dataset of hand
gesture images. The dataset consists of various hand gestures, including thumbs-up, thumbs-
down, live long, and victory gestures, which were manually labeled with corresponding
object classes. To ensure diversity and robust model performance, we collected hand ges-

ture images from multiple individuals. The dataset was then appropriately annotated using

15



the Labellmg tool, following the XML format compatible with the TensorFlow Object De-
tection (TFOD) API. We split the dataset into a training set, which accounted for 70 of the
data, and a testing set, which accounted for the remaining 30 for evaluation purposes. This
preparation ensured that the dataset was suitably organized and ready for subsequent deep
learning model training and evaluation.

In the image collection workflow Figure 3.2, we followed a systematic approach to
capture images for each hand gesture label. We utilized a PC camera to capture images, en-
suring consistent lighting conditions and backgrounds. The captured images were saved to
designated directories for each label. To enhance the reliability of the dataset, we collected
multiple images for each hand gesture label.

Figure 3.3 showcases a sample of the captured images for the four hand gesture labels:
thumbs-up, thumbs-down, live long, and victory gestures. These images represent the di-
versity and variations within each label, allowing the model to learn and generalize from

different instances of the same gesture.
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Start

Collect Images

Label Images

Split into Train/Test Sets

Train Object Detection Model

End

Figure 3.1: Dataset Preparation Workflow
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Start: Start Image Collection Workflow

Install Required Packages: Upgrade pip, install ipykernel, and install opencv-python-headless

Import Libraries: Import necessary libraries for image capture and processing

Create Directories for Images: Create directories to store collected images

¥

Loop through Labels

{

Capture Image using PC Camera: Use the PC camera to capture an image

Save the Captured Image: Save the captured image to a file

Display the Captured Image: Show the captured image in a plot

Sleep for Delay: Pause the execution for a specified time interval

l

Next Label?

Yes

No

End: Finish Image Collection Workflow

Figure 3.2: Image Collection Workflow
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(a) thumbsup (b) thumpsdown

(c) livelong (d) victory

Figure 3.3: Dataset of Hand Gesture Images

3.4 Deep Learning Model Selection

During the Deep Learning Model Selection phase, we carefully evaluated various ob-
ject detection models available in the TensorFlow Object Detection (TFOD) API. After
thorough consideration, we decided to utilize the SSD (Single Shot MultiBox Detector)
architecture with MobileNet as the backbone that is introduced by (23) .

SSD is a popular one-stage object detection framework known for its real-time perfor-
mance and accuracy. It is designed to directly predict object bounding boxes and class
probabilities from feature maps at multiple scales. This eliminates the need for complex
region proposal networks and significantly speeds up the detection process.

MobileNet, on the other hand, is a lightweight convolutional neural network architec-
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ture optimized for mobile and embedded vision applications. It employs depthwise sepa-
rable convolutions, which reduce the number of parameters and computational complexity
while maintaining good accuracy. MobileNet is well-suited for resource-constrained envi-
ronments and real-time applications.

To give you a better understanding of the models, Figure 3.4 are the high-level archi-

tecture diagrams for SSD and MobileNet:

Input Qutput
300x300 300300
38x3Bx512 =

19%19x1024  19x19x1024 E
' 10x10x512 i
Sx5x256 o
| 3x3x256 3
o B ; 1x1x256 | E L

| ‘ | E
i =
m
} ! : =
Conv Conv Conv Conv Conv Conv 5
Layers Layers Layers Layers Layers  Layers -

| ] \ J

| I
MobileMety2 55D Layers

(Base Network)

Figure 3.4: MobileNetv2-SSD Architecture (23)

The SSD architecture consists of a base network (in our case, MobileNet) followed by
multiple convolutional layers at different scales . These layers produce a set of default
bounding boxes with different aspect ratios and sizes. The predicted bounding boxes are
then refined using the class probabilities to generate the final detection results.

MobileNet, as the backbone of SSD, consists of depthwise separable convolutions that
efficiently capture spatial and channel-wise information. It has several layers with different
depths and widths, allowing a trade-off between model size and accuracy.

By combining the SSD architecture with the MobileNet backbone, we obtained an ef-
ficient and accurate object detection model suitable for real-time hand sign detection. The

lightweight nature of MobileNet enabled fast inference on resource-constrained devices,

20



while the SSD framework facilitated precise and reliable detection of hand signs.

Through fine-tuning on our hand sign dataset, the model was further optimized to ac-
curately detect and classify thumbs-up, thumbs-down, victory, and live long signs. This
combination of the SSD architecture with the MobileNet backbone provided an excellent

balance between speed and accuracy for our specific task of real-time hand sign detection.

3.5 Hyperparameter Tuning

To optimize the performance of our deep learning model, we performed hyperparameter
tuning. Hyperparameters are settings that control the learning process and architecture
of the model. We experimented with various hyperparameter configurations, including
learning rate, batch size, and optimizer choices. Through a systematic search and validation
process, we identified the optimal combination of hyperparameters that yielded the best
performance on our hand signs detection task. Fine-tuning these hyperparameters enabled
us to enhance the model’s accuracy and convergence speed, resulting in improved object

detection performance during training and evaluation.

3.6 Training Strategy

In the Training Strategy phase, we conducted model training using the prepared dataset
and the selected deep learning model. Leveraging the TensorFlow framework and the
TFOD API, we performed iterative training cycles. Each training cycle involved feed-
ing batches of hand gesture images and their corresponding labels to the model, which then
adjusted its internal weights and biases to minimize the detection loss. We employed the
stochastic gradient descent (SGD) optimization algorithm with momentum as the optimizer

to update the model’s parameters. The training process continued for a predetermined num-
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ber of epochs, with periodic evaluation on the testing set to monitor the model’s progress
and detect overfitting. By employing an appropriate training strategy, we aimed to achieve
a well-generalized model that could accurately detect hand gestures in real-time scenarios.

Figure 3.5 shows the Training and Evaluation Workflow.

3.7 Evaluation Metrics

In the Evaluation Metrics phase, precision and recall were the primary metrics utilized
to assess the performance of our hand gesture detection model. Precision measures the
accuracy of the model in identifying true positive instances among all the predicted positive
detections, while recall represents the model’s ability to capture positive instances among
all the actual positive instances. These metrics provided a quantitative assessment of the
model’s accuracy and completeness in detecting hand gestures. Visual inspection of the
detection results, including bounding boxes overlaid on input images, complemented the
quantitative evaluation, allowing for a qualitative analysis of the model’s performance in
real-world scenarios. By considering both precision and recall, we gained insights into
the trade-off between accurate detection and potential false positives or missed detections,

enabling us to assess the model’s suitability for practical applications.

3.8 Implementation of the Model

The implementation of our deep learning model involved a comprehensive approach
to effectively detect and classify hand signs. We leveraged the TensorFlow deep learning
framework, known for its versatility and extensive capabilities, to develop and train our

object detection model.
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For our specific task of hand sign detection, we selected the SSD (Single Shot MultiBox
Detector) architecture with MobileNet as the backbone. This architecture is well-suited for
real-time object detection, offering a good balance between accuracy and computational ef-
ficiency. By using the TensorFlow Object Detection (TFOD) API, we accessed pre-trained
SSD models with MobileNet as the feature extractor, which provided a solid foundation for
our project.

To adapt the pre-trained models to our specific hand sign detection task, we performed
fine-tuning. This involved training the models on our carefully curated dataset of hand
sign images. The dataset consisted of hand sign images labeled with corresponding object
classes, including thumbs-up, thumbs-down, victory, and live long signs. The fine-tuning
process adjusted the internal parameters of the models, allowing them to accurately detect
and classify the specified hand signs.

Throughout the implementation process, we adhered to best practices in deep learn-
ing, including data augmentation, regularization techniques, and rigorous model evalua-
tion. Data augmentation techniques, such as random cropping, rotation, and flipping, were
applied to increase the diversity and variability of our hand sign dataset, reducing the risk of
overfitting. Regularization techniques, such as weight decay and dropout, were employed
to prevent the model from memorizing the training data and promote generalization. We
conducted thorough model evaluation using appropriate metrics, such as precision and re-
call, to assess the model’s performance and ensure its accuracy in detecting and classifying
hand signs.

Overall, our implementation involved a systematic approach that combined the power
of the TensorFlow framework, pre-trained models from the TFOD API, and fine-tuning on
our hand sign dataset. This resulted in an accurate and efficient object detection model

capable of detecting and classifying thumbs-up, thumbs-down, victory, and live long signs.
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Chapter 4

Results and Discussion

4.1 Evaluation and Analysis of the Model Performance

During our evaluation, we successfully obtained results for the hand label detection
from images. However, due to time limitations and resource constraints, we were unable
to complete the evaluation for hand detection from the webcam stream. Despite this limi-

tation, we were able to assess the model’s performance for image-based hand detection.

4.1.1 Training Losses

Table 4.1 displays the training losses during the model training process. It includes the
classification loss, localization loss, regularization loss, and the total loss at various training
steps. These losses serve as indicators of how well the model is learning and optimizing the
parameters. For instance, at step 100, the total loss was 0.6958476, with the classification
loss, localization loss, and regularization loss contributing to that value. Analyzing these
losses provides insights into the model’s progression during training.

At step 1000, the model’s training losses showed promising progress. The classifi-

cation loss was 0.061361462, indicating that the model was becoming more proficient in
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accurately classifying hand instances. The localization loss at this step was 0.028457807,
suggesting improved accuracy in localizing hand bounding boxes. The regularization loss,
which helps prevent overfitting, was 0.15074567. The total loss at this step decreased to
0.24056494, indicating the model’s overall improvement in learning the hand detection
task.

As the training continued, the model further refined its performance. At step 2000, the
classification loss was 0.16967763, slightly higher than the previous step, but still within
an acceptable range. The localization loss at this step was 0.022538137, demonstrating en-
hanced precision in localizing hand instances. The regularization loss remained consistent
at 0.14420812. The total loss at this final step of training was 0.33642387, reflecting the
culmination of the model’s learning and optimization process.

These observations from the training losses indicate that the model was able to learn
from the provided training data and gradually improve its ability to classify and localize
hand instances. Although further evaluation is required to assess the model’s performance
on unseen data, the decreasing total loss over the training steps suggests that the model was

converging towards better hand detection capabilities

4.1.2 Evaluation Result

In Table 4.2, the evaluation results are provided for the annotation type 'mask.” The
metrics used to evaluate the model’s performance include Average Precision (AP) and Av-
erage Recall (AR), measured at different intersection over union (IoU) thresholds.

Precision refers to the ratio of true positive predictions to the total number of positive
predictions made by the algorithm. Recall, on the other hand, measures the ratio of true
positive predictions to the total number of ground truth positive instances.

The Average Precision (AP) measures the accuracy of the model in detecting hand in-
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Table 4.1: Training Losses

Step | Classification Loss | Localization Loss | Regularization Loss | Total Loss
100 0.35444772 0.1870616 0.15433826 0.6958476
200 0.18836787 0.061669074 0.15413938 0.40417635
300 0.119875126 0.066131935 0.15389985 0.3399069
400 0.12960263 0.03471734 0.15363465 0.3179546
500 0.08273352 0.06733394 0.15339549 0.30346292
600 0.09174798 0.036484957 0.15298393 0.28121686
700 0.10611959 0.046663135 0.15254739 0.3053301
800 0.06686186 0.028763862 0.15203212 0.24765784
900 0.08517406 0.043733273 0.15139592 0.28030324
1000 0.061361462 0.028457807 0.15074567 0.24056494
1100 0.07771982 0.031705316 0.15044339 0.25986853
1200 0.071325734 0.019654995 0.14984366 0.2408244
1300 0.15159895 0.04595292 0.14947943 0.3470313
1400 0.04833577 0.012984993 0.14889835 0.21021912
1500 0.104819365 0.017916603 0.14815843 0.2708944
1600 0.06177474 0.007184766 0.14735009 0.21630959
1700 0.06489002 0.024825076 0.14654322 0.23625831
1800 0.045791432 0.020257166 0.14578822 0.21183681
1900 0.055508543 0.008064987 0.14499164 0.20856518
2000 0.16967763 0.022538137 0.14420812 0.33642387

stances. It is computed at different IoU thresholds, which determine the level of overlap

required for a predicted bounding box to be considered a match with a ground truth anno-

tation.

Similarly, the Average Recall (AR) measures the model’s ability to recall hand instances
at different IoU thresholds. The AR values reported in the table indicate that the model
achieved a recall rate of 0.792 for hand instances overall, meaning that it was able to detect
approximately 79.2% of the true hand instances present in the dataset.

AR can also be computed by calculating the Average Precision (AP) for each class or

category and then taking the mean value across all classes. It provides an overall measure

of how well the algorithm performs in detecting objects across different categories.

Explanation:
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Table 4.2: Evaluation Results for Annotation Type mask

Metric Value
Average Precision (AP) @[ IoU=0.50:0.95 ] 0.772
Average Precision (AP) @[ [oU=0.50 ] 1.000
Average Precision (AP) @[ IoU=0.75 ] 0.861

Average Precision (AP) @[ IoU=0.50:0.95, small ] -1.000
Average Precision (AP) @[ IoU=0.50:0.95, medium | | -1.000
Average Precision (AP) @[ IoU=0.50:0.95, large ] 0.772

Average Recall (AR) @[ IoU=0.50:0.95 ] 0.792
Average Recall (AR) @[ IoU=0.50:0.95, small ] -1.000
Average Recall (AR) @[ IoU=0.50:0.95, medium ] -1.000
Average Recall (AR) @[ IoU=0.50:0.95, large ] 0.792

Average Precision (AP) @[ 1o0U=0.50:0.95 ]: This metric represents the average
precision over a range of IoU thresholds from 0.50 to 0.95. It measures the overall
accuracy of the model in correctly detecting hand instances using mask annotations.

The reported AP value is 0.772, indicating a reasonably high level of accuracy.

Average Precision (AP) @[ IoU=0.50 ]: This metric measures the precision of the
model at a single IoU threshold of 0.50. The value of 1.000 suggests that the model

achieved perfect precision when considering hand instances with mask annotations.

Average Precision (AP) @[ IoU=0.75 ]: This metric measures the precision of the
model at a stricter IoU threshold of 0.75. The reported AP value of 0.861 indicates
that the model maintained good precision even when requiring a higher level of over-

lap between predicted and ground truth masks.

Average Precision (AP) @[ IoU=0.50:0.95, small, medium, large ]: These metrics
measure the precision of the model for hand instances of different sizes. The nega-
tive values (-1.000) indicate that the model performed poorly in accurately detecting
hand instances within the specified size ranges using mask annotations.For example,

for the category ’small,’ the model’s performance was unsatisfactory, resulting in a
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negative AP value. However, the model performed well in detecting hand instances
overall, as indicated by the positive AP values. The highest AP value of 1.000 was
achieved at an IoU threshold of 0.50, indicating perfect accuracy in detecting hand
instances with a moderate overlap. The AP value of 0.861 at an IoU threshold of
0.75 suggests that the model maintained good accuracy even when a higher level of

overlap was required for a match.

* Average Recall (AR) @[ IoU=0.50:0.95, small, medium, large ]: These metrics
represent the recall rate of the model, indicating its ability to correctly detect hand
instances at different IoU thresholds and size ranges. The reported values suggest a
consistent recall rate of 0.792 across different IoU thresholds, indicating its effective-
ness in identifying hand instances. The negative AR values for the categories "small’
and 'medium’ suggest that the model struggled to recall hand instances within those
size ranges. However, it achieved a recall rate of 0.792 for the ’large’ category, indi-

cating better performance in detecting larger hand instances.

Overall, the positive precision values, consistent recall rates, and the relatively high AP
values indicate that the model performed well in accurately detecting hand instances using
mask annotations, demonstrating its effectiveness in hand detection tasks.

Although we couldn’t complete the evaluation for hand detection from the webcam due
to time and resource limitations, the provided results from the image-based hand detection
offer valuable insights into the model’s performance. Future work should focus on com-
pleting the evaluation for webcam-based detection and exploring techniques to improve the

model’s performance in real-time scenarios."
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4.2 Evaluation Results for Hand Detection

In this section, we present the evaluation results for hand detection using our trained
model. We obtained four pictures that showcase the model’s performance in detecting
different hand gestures: thumbs up, thumbs down, live long, and victory. Each picture
includes bounding boxes drawn around the detected hands, along with the corresponding

label for the hand gesture.
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Figure 4.1: Hand Detection: Thumbs Up Gesture (Precision = 100%)

The first picture shows the evaluation results for the thumbs up hand gesture. The model
successfully detects thumbs up gestures and assigns the correct label to each detected hand.
The precision value for this gesture is greater than 0, indicating that the majority of the
detected thumbs up hands are accurate.

The second picture displays the evaluation results for the thumbs down hand gesture.
The model accurately detects thumbs down gestures and assigns the appropriate label to
each detected hand. The precision value for this gesture is greater than 0, indicating the
high accuracy of the detected thumbs down hands.

The third picture exhibits the evaluation results for the live long hand gesture. The

model successfully detects live long gestures and assigns the correct label to each detected
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Figure 4.2: Hand Detection: Thumbs Down Gesture (Precision = 93%)
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Figure 4.3: Hand Detection: Live Long Gesture (Precision = 99%)

hand. The precision value for this gesture is greater than 0, signifying the accurate detection
of live long hands.

The fourth picture demonstrates the evaluation results for the voctory hand gesture. The
model correctly detects victory gestures and assigns the appropriate label to each detected
hand. The precision value for this gesture is greater than 0, indicating the model’s accuracy
in detecting victory hands.

These evaluation results demonstrate the effectiveness of our hand detection model in
detecting different hand gestures. The presence of bounding boxes around the hands and the

accurate labeling indicate the model’s ability to identify and classify various hand gestures

31



RAM
Disk

NN = - WV

Figure 4.4: Hand Detection: Victory Gesture (Precision = 100%)

with a precision value greater than 0. These findings highlight the successful performance

of our model and its potential applications in real-world scenarios.

4.3 Comparison with Existing Solutions

In previous studies, researchers often had to create a private dataset from scratch, which
required significant time and effort. This process was prone to errors during dataset cre-
ation. However, in our project, we took a different approach. We created an initial dataset
by collecting images using a webcam and manually labeled them into four categories:
thumbs up, thumbs down, victory, and live long signs. We then split the data into train-
ing and testing sets. This approach allowed us to quickly gather a dataset and proceed with
the training process.

Our evaluation of the model’s performance focused on detecting hand gestures, and
we have obtained results that are presented in the tables above. Although we faced time
limitations and resource constraints, comparing our approach with existing solutions high-
lights the advantages of leveraging pre-existing models and frameworks. By utilizing a pre-

trained model from the TensorFlow Object Detection (TFOD) framework and leveraging
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the resources available in platforms like Colab, we were able to streamline our development
process and achieve results for hand gesture detection.

The evaluation results, as shown in the provided tables, provide insights into the model’s
performance for hand gesture detection. These results include metrics such as average
precision (AP) and average recall (AR) at various IoU thresholds. Additionally, the tables
provide information on the performance of the model for different-sized hand gestures,
categorized as small, medium, and large.

Furthermore, the tables illustrate the achieved values for different metrics. Negative
values in certain metrics indicate that the model did not perform well in those specific cat-
egories. It is important to analyze these results to understand the strengths and limitations
of the model in detecting hand gestures accurately.

Overall, while we acknowledge the constraints we faced in terms of time and resources,
our project demonstrates the potential of leveraging existing models and frameworks, such
as TFOD, along with the use of platforms like Colab, to develop and evaluate a hand gesture
detection system. Further refinement and exploration can be conducted to enhance the

model’s capabilities and achieve optimal results in future iterations.
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Chapter 5

Conclusion and Future Work

5.1 Summary of Contributions

In this research, our primary focus was to simplify the object detection process by
creating a dataset from scratch. We collected images using a webcam and manually labeled
them according to the four predefined labels: thumbs-up, thumbs-down, victory, and live
long. The dataset was then split into training and testing sets to facilitate model training
and evaluation.

To train our object detection model, we utilized the pre-trained model from Tensor-
Flow Object Detection (TFOD)(which is a computer vision technique that detects, locates,
and traces an object from a still image or video) that utilizes the SSD architecture with
MobileNet V2 as the backbone. While we successfully obtained results for image-based
hand gesture detection, achieving the desired outcome for real-time hand detection from a
webcam proved challenging due to time limitations and resource constraints.

Despite the limitations faced, our research contributes to the understanding of the object

detection process and highlights the importance of dataset creation and model training.
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5.2 Limitations and Future Directions

During the course of our research, we encountered several limitations that affected the
overall outcome of our study. One of the main limitations was the inability to achieve
optimal results in terms of real-time hand detection from a webcam. This limitation can
be attributed to the constraints of time and computing resources. Training an accurate and
robust model for real-time detection requires extensive experimentation, fine-tuning, and
access to sufficient computing power.

Another significant limitation was the complexity of integrating real-time evaluation
within the given timeframe. Real-time object detection involves processing a continuous
stream of data, which demands significant computational power, efficient algorithms, and
optimized implementations. Unfortunately, due to resource limitations, we were unable to
fully implement the real-time evaluation component of our research.

In future work, addressing these limitations and further improving the research can
be achieved by allocating more time and resources to training the model and optimizing
the real-time hand detection process. This includes exploring alternative architectures, ad-
vanced training techniques, and leveraging more powerful computing resources to enhance

the model’s performance and enable real-time capabilities.

5.3 Conclusion

The object detection process holds significant potential in various domains, including
self-driving cars, robotics, and security systems, among others. In our research, we focused
on simplifying this process by creating a dataset from scratch, training an object detection
model using the TFOD framework, and evaluating its performance.

While we faced challenges and encountered limitations, our research provides a valu-

35



able foundation for future work in the field of object detection. The dataset we created and
the insights gained from model training and evaluation contribute to the ongoing efforts of
improving object detection methods.

Moving forward, it is crucial to dedicate more time, resources, and expertise to over-
come the limitations and challenges faced during our research. By investing in comprehen-
sive model training, optimization, and real-time evaluation, we can unlock the full potential
of object detection, leading to advancements in numerous applications and improving ev-

eryday life.

36



Bibliography

[1] E Al-Azzoa, A. M. Taqgia, and M. Milanovab. Human related-health actions detection
using android camera based on tensorflow object detection api. International Journal

of Advanced Computer Science and Applications, 9(10), 2018. 9, 10, 11

[2] O. Alsing. Mobile object detection using tensorflow lite and transfer learning, 2018.

9,10, 11

[3] C. Anusha and P. Avadhani. Object detection using deep learning. International

Journal of Computer Applications, 182(32):18-22, 2018. 2,9, 10

[4] R. Atienza. Advanced Deep Learning with TensorFlow 2 and Keras: Apply DL,
GANs, VAEs, deep RL, unsupervised learning, object detection and segmentation,

and more. Packt Publishing Ltd, 2020. 9, 10, 11

[5] L. Barba-Guaman, J. E. Naranjo, and A. Ortiz. Object detection in rural roads us-
ing tensorflow api. In 2020 International Conference of Digital Transformation and

Innovation Technology (Incodtrin), pages 84-88. IEEE, 2020. 9, 10, 11

[6] H. Basri, I. Syarif, and S. Sukaridhoto. Faster r-cnn implementation method for multi-
fruit detection using tensorflow platform. In 2018 international electronics sympo-
sium on knowledge creation and intelligent computing (IES-KCIC), pages 337-340.
IEEE, 2018. 9, 10, 11

37



[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

H. Chen, K. Zhang, P. Lyu, H. Li, L. Zhang, J. Wu, and C.-H. Lee. A deep learning
approach to automatic teeth detection and numbering based on object detection in

dental periapical films. Scientific reports, 9(1):1-11, 2019. 2,9, 10, 11

J. Dai. Real-time and accurate object detection on edge device with tensorflow lite. In
Journal of Physics: Conference Series, volume 1651, page 012114. IOP Publishing,
2020. 9, 10, 11

S. R. Dewi et al. Deep learning object detection pada video menggunakan tensorflow

dan convolutional neural network. 2018. 9, 10, 11

P. Goel. Realtime object detection using tensorflow an application of ml. International

Journal of Sustainable Development in Computing Science, 3(3):11-20, 2021. 9, 10

I. Goodfellow, Y. Bengio, and A. Courville. Deep learning. MIT press, 2016. 7

S. Howal, A. Jadhav, C. Arthshi, S. Nalavade, and S. Shinde. Object detection for au-
tonomous vehicle using tensorflow. In Intelligent Computing, Information and Con-

trol Systems: ICICCS 2019, pages 86—93. Springer, 2020. 9, 10, 11

T. V. Janahiraman and M. S. M. Subuhan. Traffic light detection using tensorflow
object detection framework. In 2019 IEEE 9th International Conference on System

Engineering and Technology (ICSET), pages 108—113. IEEE, 2019. 9, 10, 11

P. Jawale, H. P. Chaudhary, and N. Rajput. Real-time object detection using tensor-
flow. International Research Journal of Engineering and Technology (IRJET), 2020.
9,10, 11

S. Latif, M. Driss, W. Boulila, S. S. Jamal, Z. Idrees, J. Ahmad, et al. Deep learning

for the industrial internet of things (iiot): A comprehensive survey of techniques,

38



[16]

[17]

[18]

[19]

[20]

[21]

[22]

implementation frameworks, potential applications, and future directions. Sensors,

21(22):7518, 2021. 9, 10, 11

Z. Li, M. Dong, S. Wen, X. Hu, P. Zhou, and Z. Zeng. Clu-cnns: Object detection for

medical images. Neurocomputing, 350:53-59, 2019. 9, 11

A. Mahavarkar, R. Kadwadkar, S. Maurya, and S. Raveendran. Underwater object
detection using tensorflow. In ITM web of conferences, volume 32, page 03037. EDP

Sciences, 2020. 2,9, 10

R. Phadnis, J. Mishra, and S. Bendale. Objects talk-object detection and pattern track-

ing using tensorflow. In 2018 Second International Conference on Inventive Commu-
nication and Computational Technologies (ICICCT), pages 1216-1219. IEEE, 2018.
9,10

M. S. Rahman, A. Miazee, M. M. Ahmed, and M. Aktarujjaman. Multiple object

detection using single shot multi-box with mobilenet in real-time. 11

M. Rane, A. Patil, and B. Barse. Real object detection using tensorflow. In ICCCE
2019: Proceedings of the 2nd International Conference on Communications and Cy-

ber Physical Engineering, pages 39—-45. Springer, 2020. 9, 10, 11

S. Ren, K. He, R. Girshick, and J. Sun. Faster r-cnn: Towards real-time object de-
tection with region proposal networks. Advances in neural information processing

systems, 28, 2015. 8

S. Satpute, H. Shende, V. Shukla, and B. Patil. Real time object detection using deep-
learning and opencv. International Research Journal of Engineering and Technology

(IRJET), 7(4):3243-3246, 2020. 11

39



[23]

[24]

[25]

[26]

T. J. Sheng, M. S. Islam, N. Misran, M. H. Baharuddin, H. Arshad, M. R. Islam,
M. E. Chowdhury, H. Rmili, and M. T. Islam. An internet of things based smart waste

management system using lora and tensorflow deep learning model. IEEE Access,

8:148793-148811, 2020. x, 1, 9, 10, 11, 19, 20

A. Talele, A. Patil, and B. Barse. Detection of real time objects using tensorflow
and opencv. Asian Journal For Convergence In Technology (AJCT) ISSN-2350-1146,
2019. 9, 10

J. Talukdar, S. Gupta, P. Rajpura, and R. S. Hegde. Transfer learning for object detec-
tion using state-of-the-art deep neural networks. In 2018 5th international conference
on signal processing and integrated networks (SPIN), pages 78-83. IEEE, 2018. 9,
10, 11

E. Xie, J. Ding, W. Wang, X. Zhan, H. Xu, P. Sun, Z. Li, and P. Luo. Detco: Unsu-
pervised contrastive learning for object detection. In Proceedings of the IEEE/CVF

International Conference on Computer Vision, pages 8392—-8401, 2021. 9, 10, 11

40



Ministry of Higher Education and Scientific Research
% m Al- Iragia University

H AL IRAQIA UNIVERSITY t’
asolal

aidlyall

college of Engineering

Electrical Engineering Department

Modeling and Simulation of Photovoltaic module using
MATLAB/Simulink

A Project Submitted to the Department of Electrical Engineering in Partial Fulfilment

for the Requirements of the Degree of B.Sc. in Electrical Engineering

By:
Ahmed Hazem Khader yas

Taqi Ali Ozcan Hussein

Supervised by:
Prof. Asst. Dr.Fargad Talib Najim




DECLARATION

We hereby declare that this project report is based on our original work except for citations

and quotations, which have been duly acknowledged.

Signature :

Name : Ahmed Hazem Mardan
Date : 2023/6/3

Signature :

Name . Taqi Ali Jafar

Date : 2023/61/3

Page 2|42



Signature :

Name : Ozcan Hossein Shakir
Date : 2023/6/3

Signature :

Name : Khader yas Kudhur
Date : 2023/6/3

Page 3|42



APPROVAL FOR SUBMISSION

| certify that this project report entitled “Modeling and Simulation of Photovoltaic module
using MATLAB/Simulink” was prepared by “Ahmed Hazem, Taqi Ali, Ozcan Hossein
And Khader Yas” has met the required standard for submission in partial fulfilment of the

requirements for the award of Bachelor of Electrical Engineering at Al-lragia University.

Approved by:

Signature :

Supervisor: Prof. Asst. Dr. Fargad Talib Najim (supervisor)

Date : 2023/ |/

Signature :

Supervisor: Prof. Dr. Baraa Mungith (Head of Department)
Date : 20237

Page 4|42



Signature :

Supervisor : (Chairman)

Date : 2023/ /

Signature :

Supervisor : (Member)

Date : 20237/

Signature :

Supervisor : (Member)

Date o 20237/

Page 5|42



Specially Dedicated to:

We would like to express our sincere gratitude and appreciation to the following individuals
who have provided invaluable support and guidance throughout the development of this

project:

e Prof. Asst. Dr.Fargad Talib Najim: We are deeply grateful to [Dr.Fargad Talib Najim]
for his continuous guidance, expertise, and unwavering support. his knowledge and
feedback have played a crucial role in shaping the direction and success of this
project. Especially his role by providing us with excellent resources. his mentorship
has been instrumental in our understanding of photovoltaic module modeling and
simulation using MATLAB/Simulink.

e Preliminary discussion group: We would also like to acknowledge the valuable
collaboration and assistance provided by [ Dr. Anas Al-Qazzaz Dr. lyad Mahmoud
Dr. Hussein Juma]. Their insights, discussions, and assistance in troubleshooting
technical challenges have significantly contributed to the overall quality and depth of

this project.

e iragia Universty: We extend our heartfelt thanks to [iragia Universty] for their support
and resources. The [Dr. Bashar Farhan] It has dealt with power electronic courses a
small part of our project report. Their contribution has greatly enhanced our ability to

simulate and analyze the behavior of photovoltaic modules accurately.

Page 642



We would like to take a moment to extend a heartfelt and playful thank you to everyone who

has been a part of this project report.
To our Fantastic Four:

Assembled through the forces of academic destiny, we embarked on this daring adventure of

modeling and simulating photovoltaic modules.

To Ahmed Hazem, the Master of MATLAB, Simulink and design, thank you for your
wizard-like skills in coding and unraveling complex equations. You've brought clarity to our
simulations and dazzled us with your expertise. And not to forget your creative flair and
knack for aesthetics have given life to our project. Your eye-catching visuals and sleek

designs have transformed the otherwise mundane into a work of art.

To Taqi Ali, thank the Data man, your meticulous data analysis and keen eye for detail have
illuminated our research. With your analytical prowess, you've made sure our project stood

firm against any shadow of doubt.

To Ozcan Hussein, the Energizer Bunny, your boundless enthusiasm and motivation have
been our constant source of inspiration. When the sun seemed to hide behind clouds, your

infectious energy lit up the room and reminded us to keep pushing forward.

And last but not least, to Khader Yes, thank you for showing us the importance of a well-
timed power nap and a little procrastination. While others toiled away, your ability to find
inspiration in moments of laziness sparked a creative energy we didn't know we needed. Your
relaxed approach reminded us that sometimes the sun shines brightest when we take a

moment to soak it in.

Page 71|42



To our families and friends:

We owe you a debt of gratitude for your unwavering support and understanding during our
moments of project-induced madness. Thank you for patiently listening to our endless
ramblings about inverters, efficiency, and solar cell characteristics. Your belief in our
abilities and the occasional supply of caffeine-powered encouragement kept our spirits high

when the sunsets felt far away.

To our supporters and anyone who pushed us forward:

Whether you offered a kind word, a friendly reminder of deadlines, or a well-timed meme to
lighten the mood, your impact on our journey cannot be overstated. Your nudges, both subtle
and overt, reminded us to keep our eyes on the prize and inspired us to turn our simulations

into reality.

At last;

So here's to you, the unsung heroes of our project report. May the sun shine brightly upon
your path as it did upon ours. Thank you for being the rays of light that guided us through this

adventure!

Page 8|42



Page 9|42



Abstract:

Representation and demonstrating of sun based cells is critical for the photovoltaic
framework configuration keeping in mind the end goal to get best productivity from the sun
and decrease the shore of sun based cell framework. The fundamental subject of this article
concentrates on a software created in MATLAB/Simulink of photovoltaic unite. This
software depends on numerical equation and is depicted through a comparable The electric
circuit is integrated into the photocurrent source, a diode, and a set of series and parallel
resistors. The reenactment utilized as a part of this article to get the attributes (I1-V), and
afterward we will concentrate the impact of each parameter on the curve. The created
demonstrate permits the expectation of photo-voltaic unite conduct beneath various physical
and characteristic parameters. The unite can likewise be utilized to separate the physical
parameters for a given sun based PV cell as an element of temperature and sunlight based

irradiance.
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1.1

INTRODUCTION:

The use of photovoltaic (PV) modules has increased dramatically in recent
years as a way to generate clean, renewable energy. The efficiency and effectiveness
of PV modules are crucial in determining the performance of PV systems. Therefore,
it is essential to understand and optimize the behavior of PV modules to ensure the
efficient and reliable operation of PV systems. The improvement of new vitality
sources are ceaselessly upgraded due to the basic circumstance of the synthetic
chemical powers. Therefore, the inexhaustible vitality sources turned into a more
critical patron to the aggregate vitality devoured on the planet. Modeling and
simulation of PV modules are important tools for designing, analyzing, and
optimizing the performance of PV systems. MATLAB/Simulink is a powerful
platform that can be used to develop detailed models of PV modules that capture their
electrical behavior and the effects of external factors such as temperature and solar

irradiance.

The process of modeling and simulating a PV module involves developing a
mathematical representation of the module's electrical behavior, which includes
modeling the internal workings of the module, such as the solar cells and
interconnects, as well as the external factors that affect the module's performance,
such as temperature and shading. Simulating the model allows for testing of the
module's performance under different operating conditions, enabling optimization of
the design of the module and the identification of ways to improve its efficiency and

effectiveness show in Figure 1-1.
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Figure 1-1: Synoptic scheme of the turnkey monitoring system provided by SMA manufacturer

An exact learning of sun based cell variables from exploratory information is of
fundamental significance for the outline of sun powered cells and for the evaluations
of their execution. The electrical proportional circuit is a helpful and regular route in
most reproduction studies. The five variables of enthusiasm for the proportionate
circuit are the photocurrent (IPV), series resistance (RS), diode immersion current

(10), shunt resistance (RSH) and the idealism consider (A) show in figure 1-2.

Rs Ir

A ’\/V\,_,’L=

O I

Figure 1-2: PV circuit
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1.2

The present relation voltage of a sun powered cell is depicted by a scientific
condition both certain what's more, nonlinear. In this work, MATLAB script
document program has been utilized to register the five variables of the a unite diode

model of lit up sun powered cells.

The outcomes acquired by reenactment demonstrate the consistency between the
information and got the parameters given by the maker, to be specific: short circuit
current (ISC), open circuit voltage (VOC) and most extreme power (Pmax). For
example, these variables can be utilized for quality control amid creation or to give

bits of knowledge into the operation of the gadgets [1, 2, 3, 4 and 5].

This graduation project aims to develop a comprehensive model of a photovoltaic
module using MATLAB/Simulink. The model will take into account the electrical
behavior of the module, as well as the effects of temperature and solar irradiance. The
simulated performance of the model will be compared with the actual performance of
a physical PV module to validate the accuracy of the model.

With a specific end goal to get advantage from the utilization of PV systems, explore
exercises are being led trying to increase promote change in their cost, productivity
and unwavering quality, therefore numerical displaying of sun powered cells is

fundamental for any operation yield improvement.

Keywords:
Matlab-Simulink

PV solar cell model

solar array model.
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1.3

How to PV Works:

A photovoltaic (PV) module, also known as a solar panel, is an electrical device
that converts sunlight into electrical energy. The basic building block of a PV module
is the solar cell, which is made of semiconductor materials such as silicon. When
sunlight hits the solar cell, it causes the electrons in the semiconductor material to be
excited and flow in a certain direction, creating an electric current. 12 A PV module
consists of multiple solar cells connected in series and parallel to increase the overall

voltage and current output. Each
sunight

solar cell has a specific current-

voltage (I-V) curve, which describes Rp—— negele ki

the relationship between the current 4o nioictor

and voltage output for different

{0 requlator

levels of sunlight intensity.

posttive electrode

electric cument
Figure 1-3: Cross section of a solar cell

The 1-V curve of a solar cell can be modeled using a single diode equation, which is a
mathematical formula that describes the current flow through a diode. In a PV
module, the single diode equation is used to model the current-voltage behavior of the
module as a whole, taking into account the characteristics of each individual solar
cell.

The single diode equation for a solar cell can be written as:

v+IRg
=In — 1, {e(ner) - 1} _YHIRs

Rsh
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where 1 is the current output of the solar cell, Iph is the photocurrent generated by the
solar cell, 10 is the reverse saturation current of the diode, V is the voltage across the
solar cell, IRs is the series resistance of the solar cell, n is the ideality factor of the
diode, VT is the thermal voltage (kT/q), and Rsh is the shunt resistance of the solar
cell.

The photocurrent, Iph, is the current generated by the solar cell when it is exposed to
sunlight. The reverse saturation current, 10, is the current that flows through the diode
when there is no sunlight. The series resistance, IRs, is the resistance of the solar cell's
electrical contacts and wiring. The ideality factor, n, is a parameter that describes the
non-ideal behavior of the diode, and the thermal voltage, VT, is a constant that
depends on the temperature of the solar cell. The shunt resistance, Rsh, is the
resistance between the solar cell's p-n junction and the surrounding material. 14 The
single diode equation can be used to calculate the maximum power output of a PV
module, which occurs at a specific voltage and current level. This maximum power
point (MPP) varies depending on the intensity of sunlight, temperature, and other

environmental factors.
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1.4

Developments & Hypotheses:

To increase the efficiency of a PV module, various techniques can be used to
reduce the losses associated with the single diode equation. For example, the series
resistance of the solar cells can be minimized by using low-resistance electrical
contacts and wiring. The shunt resistance can be increased by improving the quality of
the semiconductor material and reducing defects in the p-n junction. In addition,
various technologies have been developed to improve the overall efficiency of PV
modules, such as concentrator photovoltaics, which use lenses or mirrors to focus
sunlight onto a small area of highly efficient solar cells. Other techniques include
thin-film solar cells, which use less material than traditional crystalline silicon cells,
and tandem solar cells, which combine multiple layers of semiconducting materials to

capture a wider range of sunlight wavelengths. We’ll see that is sumlink
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2.1 ELECTRIC MODELING OF SOLAR CELL:

A photovoltaic cell can be demonstrated as a present electrical current source PN
associated in shunt with a diode. Current source delivers a steady present. This current
is corresponding to the power of the light hit the upon cell. Photovoltaic frameworks
influenced specifically with climate conditions and sun oriented radiation. The
execution of a sun oriented cell is expected to comprehend the relationship amongst's
current and voltage of the cell [6]. The ideal proportional circuit of a PV cell (Duffie

and Beckman, 1980) is appeared in

Figure 2-1. It incorporates a current Rs |
source, a diode, a series arrangement v | | VV YV
D sh
resistance (Rs) and a shunt resistance A
(Rsh), these two resistances added (‘D SZ Rsh

because there is no ideal solar cell in

practice [7, 8].

Figure 2-1: Diode model of the PV cell

2.2 MATHEMATICAL MODELING OF SOLAR CELL:

With the identical circuit figure 1 and utilizing Kirchhoff's law, we get the

accompanying condition for the load current [9, 10]:

I =1Iph-1d -Ish (1)
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Where: | = O/P current (Amp.)

Iph = Photo produced current (Amp.)

Id = Diode current (Amp.)

Ish = Shunt resistance current (Amp.)

The current passes these components is administered bythe voltage crosswise over them:

Vj=V + IRs

Where:

V = voltage over the terminals (volt)

Vj = voltage across both diode and resistor Rsh (volt)
| = output current (ampere)

Rs = series resistance (Q2)

By the Shockley diode condition, the current occupied through the diode is:

Iy = Io{e[%] - 1} (3)
Where:

lo = is the diode reverse saturation current.

V = is the thermal voltage given by:

_ KxIRs
q

\

(4)

V = KxIRs q (4) V the thermal voltage at 250 C x 0.0259 volt
n = Diode ideality factor (unitless, usually between 1 and 2 for a single junction cell).

q = Electron charge (1.602 x 10-19 C).
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k = Boltizman's constant (1.381 x 10-23 J/K).
T = Operating temperature.

Using Ohm's law, the current occupied in the shunt resistor is:

_Vj _ v+IRg
Rsp Rsp

()

Ish

Where:
Rsh = Shunt resistance (Q).

Replace these values into the first equation creates the trademark condition of a sun-oriented

cell, which communicates sub powered cell variables to the yield volt and current [11, 12]:

(”“‘fs) V+IRs
I =Ly —1I,{e\mvr) — 11— (6)

Rsh

Photo current is administered by the following equation:

= [+ K(T-298)](=)  (7)

Where:

Isc = Short circuit current (A).

K = Solar cell short circuit current

Temperature coefficient = 0.0017

T = Operating temperature (Kelvin).

G = Irradiance (mW/m) in this equation irradiance divide by 1000 to get (W/m2).

There are two states for the solar cell, the first one is open circuit and the second one is short
circuit.

At the point if the cell is worked at open circuit, | = 0 and the voltage over the yield terminals
is characterized as the open-circuit voltage Voc Expecting the parallel resistance is
sufficiently large to disregard the last term of the trademark condition, the open-circuit
voltage Voc is:

At short circuit condition, all the current will go over the short out so Ish is equivalent to Isc.

I:Iph_ld
Page 24|42



Id = as shown in equation 3 So

Vi

I = 1 — el 13

We can decide the invert immersion current 10 by setting | = zero (situation when no yield
current) and that case called open circuit. At short circuit 1 =0 and V = Voc Where:

Voc = output voltage at open circuit state.

In addition, that cause the all current go through the diode since the shunt resistance is high as

clarified already so.

qxVv)
I = Iph — IO [eNsxKxnxT -1

(8)
Ish

(gxv)
eNsxKxnxT — 1

I, =

What's more, the current in the shunt resistance acquired from the accompanying condition:

[ o)
oo =1 (5=) x[e | 9
|

Where:
Terf = Reference temperature (Kelvin).
Eg = Band gap for Silicon.

For a photovoltaic array or cluster containing Ns cells in series, Np cells in parallel and
expecting all cells are indistinguishable and under uniform and equivalent irradiance and

temperature (i.e., generate equal current and voltage).
Imodute = prlcell and Vinoaute = NsxVs

The last single diode condition for a module or exhibitgets to be:

(10)

q(V+URy)) ) _ 1] _ VHIR
Rsh

I'= (Np X Iph) — Np X Isp, Ie(m
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3.1 PARAMETERS:

Conditions depicted in past segment are

demonstated 1o scuie 1V and PV

Characteristics of a solitary diode sun Eg 1.1
powered cell module. The reproduction G 300- 500- 700
incorporates numerous subsystems: one that Isc 3.8 (A)
figures the PV cell working and temperature
g g P K 0.0017
(T), the second ascertain Iph (Photo cell
_ _ Ki 1.381°102 (J/K)
current), the third one compute lo (Diode
. . 11
turn around immersion current), the fourth n
one ascertain Ish (Current in shunt Np 1
resistance) while the last one figure the Ns 36
aggregate yield current and aggregate yield q 1.602710° (C)
voltage (I, V) [13, 14]. All the blocks
_ _ o Rs 0.002 (W)
obtained by using Matlab-Simulink to
represent all the equations explained in Rsh 100000 (W)
previous section by using source, sinks and T 25- 30-35 C
math's relation. v 21.2 (V)
q 1.602°107° (C)

Table 3-3: parameters
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3.2 SOLAR CELL SIMULATION:

e TEMPERATURE MODULE (T)

One of the simulation blocks is the temperature (in Kelvin) as shown in figure 3-1. The
subsystem contain four blocks, the input is the operating temperature in degree centigrade
and the two outputs is the temperature (T) in Kelvin. figure 3-2 shows details of the

temperature subsystem.

Temp in kelvin

273 »+

Figure 3-2: Details of the temperature subsystem
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e PHOTO CELL CURRENT MODULE (IPH)

This block represents the photocell current according to equation 7 as shown in figure 3-
3. The inputs are irradiance (mW/m?), short circuit current (A) and operating temperature
(Kelvin) while the output is the photocell current in (A), the details of this block shown in

figure 3-4, which is the subsystem of the block.

T

Iph

SE

photo_Current

0
5
EI
(-]
E
8

Figure 3-4: Photocell current subsystem module

Page 29|42



o DIODE REVERSE SATURATION CURRENT MODULE (10)

Madel Browsor

B 4 E @
4

This block represents the diode reverse saturation current according to equation 8 as
shown in figure 3-5. The inputs are short circuit current (A) and operating temperature
(Kelvin) and the output is the diode reverse saturation current (A), the parameters used in
this block is electron charge, voltage across the output terminal, number of series cells,
Boltzman'n constant and diode ideality factor. The details of this block shown in figure 7,

which is the subsystem of the block.

MOLELING HOIMAL

- W PV moduel
& Fafbest B P[Py modulel B -

>
oy g

]

> T

—PpT Isr P Isr

Saturation Current

Reverse Saturation Current

Figure 3-5: Diode reverse and current saturation module in the system
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Figure 3-6: Diode reverse saturation subsystem module
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o SHUNT RESISTANCE CURRENT MODULE (ISH)

This block as shown in figure 3-7 represents shunt resistance current according to
equation 9. The inputs are diode reverse saturation current (A), the temperature (T) in
Kelvin. The parameters used in this block are electron charge, Boltzman'n constant, band
gap for Silicon and diode ideality factor.

The details of this block shown in figure 3-8, which is the subsystem of the block.

]
s n v| &
i / o
|4 S

. ~/ r

[+ voltage

= —T

o) 1

. T e [sr |
&
Saturation Current
Raverse Saturation Curent I
el
Ish
BT
v
Iph
e
- G shunt Current
F phate_Current

senedsu] AuBdos

O—
[+ |
]
x
[} :

Ish

Figure 3-8: Shunt resistance current subsystem module
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e PHOTOVOLTAIC OUTPUT CURRENT MODULE (IPV)

This block represents photovoltaic output current according to equation 10. The inputs are
temperature (T) in Kelvin, short circuit current (A), Photocell current (A) and voltage
across the output terminals (volt) while the outputs are photovoltaic current and voltage.
The parameters used in this block are electron charge, Boltzman'n constant, diode ideality

factor, number of series and parallel cells and value of series and shunt resistance. The

details of this block shown in figure 3-9, which is the subsystem of the block.

Figure 3-9: Photovoltaic current subsystem module

Finally, figure 3-10 shows the overall system module that simulates the Solar cell system.

Figure 3-10: Solar cell system modeling simulation
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4 RESULTS:

In this simulation, solar cell specification curves 1-V and P-V have been obtained for
various irradiance and different operating temperature. In addition, in this simulation,
changing the parameters of table 1 can be done very easily by changing the constants
block. These results obtained by using output scope block and to workspace block in
Matlab-Simulink. Figure 4-1 and 4-2 shows the I-V curves for different irradiance and

different temperature respectively.

|-V Characterstic curve for different irradiance

while temperature = 30 C°
3 ] T T T T T T T

=
)

1k / I \
nr L rradiance = 700 mWim® \Iﬁ.
o 'll
II
F \ |

-

Current (&)

H
1
|
|

Figure 4-1: 1-V Assorted curves for various irradiance and constant Temperature
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I-V Characterisctic curve for different temperature

while irradiance = 500 mW/m?

2 [ T __ ! T T T T T T
15 F ™ N \H\\ _
\\\\ \\
1| Temp. = 25 Degree N .
&H = .
—= 05 Temp. = 30 Degree
@ .
o U > T
Temp. =35 Degree——
05 F A
AF i
_1 . 5 1 1 1 1 1 1 1 1

12 13 14 15 16 17 18 19 20

Figure 4-2: I-V Assorted curves for various Temperature and constant Irradiance
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The effect of increasing irradiance while temperature was fixed (300 ) is increasing the
output and short circuit current, the output voltage almost not affected very much. In the
second test, the output voltage decrease when the operating temperature increase whiles
the irradiance was constant (500mW/m2 ). The third and fourth tests show the P-V curves
for different irradiance and operating temperature as shown in figure 4-3 and 4-4,
increasing the irradiance cause increasing the max power and max peak current, on the

other hand increasing temperature cause to reduce the max power and max peak voltage
[15].

P-V Characteristic curve for different irradiance
while temperature = 30 C°

T
40 7
30 - 7
20+ P 7
& .
o 10 ,"J—/ ..a—"'"-'_'-; 7
Q - o
_.?-F T
o e 2
o 0= Irradiance = 700 m\W/'m 7
: 2 \
Irradiance = 500 m\W/m {1
-10 = I| T
|
I|
o0 - Irradiance = 300 mW/m® I| 4
|
I|
SL.J L 1 1 1 1
0 5 10 15 20

Figure 4-3: P-V Assorted curves for various radiation and constant temperature
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Power (W)

P-V Characterisctic curve for different temperature
while irradiance = 500 mW/m?

10+

-10 F

207

30 F

-40

Temp. = 25 G°

Temp. = 30 G°

Temp. = 35C°

50 ¢
10

12 14 16 18

20

Figure 4-4: P-V Assorted curves for various Temperature and constant Irradiance
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5 CONCLUSION:

In this project, Matlab-Simulink used to get the I-V and P-V characteristic curves of a
solar cell system. These curves used to calculate the specifications of a solar cell system
such as short circuit current, open circuit voltage, power and maximum power.

From the experimental results, one can know the parameters that affect the solar cell
efficiency and quality such as irradiance and temperature.

This solar cell simulation is a general design so one can change the electrical segments
such as resisters, diode and number of parallel and series cells very easily in order to get

other solar cell system design.
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Abstract

With the increasing amount of network throughput and security threat, the study of in-
trusion detection systems (IDSs) has received a lot of attention throughout the computer
science field. Current IDSs pose challenges on not only capricious intrusion categories, but
also huge computational power. Though there is a number of existing literatures to IDS
issues, we attempt to give a more elaborate image for a comprehensive review. Through
the extensive survey and sophisticated organization, we propose the taxonomy to outline
modern IDSs. In addition, tables and figures we summarized in the content contribute to
easily grasp the overall picture of IDSs.Intrusion detection systems (IDS) strive to catch
computer system intrusion utilize by any garnering and analyzing data. Wireless IDSs
garner all local wireless transmissions and generate alerts based either on predefined signa-
tures or on anomalies in the traffic. These wireless IDS can monitor and analyze user and
system activities of known attacks, identity abnormal network activity and detect policy vi-
olations. Intrusion detection systems (IDSs) should be designed to facilitate the detection of
attempted and actual unauthorized entry into designated areas and should complement the
security response by providing the security force with prompt notification of the detected
activity from which an assessment can be made and a response initiated. We intended to

avoid the access and keep track of the intruder’s attempts and intensions.
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Chapter 1

Introduction

1.1 Background and Motivation

As we advance further into the digital age, cybersecurity has become a major concern
for organizations and individuals alike . With increasing reliance on digital systems for
a wide array of tasks and services, these systems have become attractive targets for mali-
cious actors seeking to exploit vulnerabilities for illicit gains or disrupt operations. Intru-
sion Detection Systems (IDS) have become a crucial component of a robust cybersecurity
infrastructure, designed to detect and thwart such attacks . (15)

The motivation behind this project stems from the clear and present need for improved
and more reliable IDS. With the evolving landscape of cyber threats, traditional IDSs,
which mainly rely on signature-based detection, are no longer adequate . These systems
struggle to detect zero-day attacks, for which no known signatures exist.(2)

As a consequence, there is a growing need for more sophisticated IDSs, employing
techniques such as anomaly detection and machine learning, to identify and counteract
these novel threats.

Furthermore, the rise of the Internet of Things (IoT) has expanded the scope of IDS



application . As billions of devices, ranging from fridges and thermostats to industrial
machinery, get connected to the internet, they become potential entry points for cyberat-
tacks . These devices often lack the computational power to run traditional IDS software,
necessitating the development of lightweight, yet effective, IDS solutions tailored for 10T
environments.

This project is motivated by these needs and challenges. The aim is not only to study
and understand existing IDS methodologies but also to design and implement an IDS that
addresses these contemporary issues. We aspire that our work will contribute to the ongoing

efforts to fortify our digital systems against the ever-growing cyber threats.

1.2 Problem Statement

The issue at hand is the efficient detection and prevention of intrusions in increasingly
complex network systems. There is a need for an in-depth understanding of contemporary
IDS strategies, their implementations, and areas of application. Intrusion detection is the
process of identifying unauthorized access to a system or facility. Traditional methods
of intrusion detection involve using physical barriers, such as locks and cameras, but these
methods can be bypassed by determined intruders. Intrusion detection systems are designed
to provide an additional layer of security by detecting and alerting security personnel to
potential intrusions. However, traditional intrusion detection systems can be expensive and
complex to implement. In addition, they may not be effective in detecting all types of

intrusions, such as stealthy attacks.



1.3 Reserach Objectives

The purpose of this research project is to design an Intrusion Detection System using

Arduino with Android apps as a real-time client while considering the following objectives:

1. Review literature on different Intrusion Detection System (IDS) approaches: Con-
duct a comprehensive review of existing research and literature to gain insights into
various IDS techniques and methodologies. This analysis will provide a foundation

for understanding the current state-of-the-art in intrusion detection.

2. Analyze the role of sensor technologies and communication protocols: Investigate
the significance of sensor technologies and communication protocols in the design
and implementation of an effective IDS. This analysis will explore different sensor
options and communication protocols to ensure accurate and reliable intrusion detec-

tion.

3. Study the contexts in which different IDS strategies are implemented: Examine dif-
ferent scenarios and contexts in which IDS strategies are employed to gain a better
understanding of their practical applications. This study will consider various envi-
ronments, such as residential, commercial, or industrial, to assess the suitability and

adaptability of IDS strategies.

4. Identify key features determining the effectiveness of an IDS: Identify and evaluate
the critical features and factors that contribute to the effectiveness of an IDS. This
assessment will consider aspects such as detection accuracy, response time, scalabil-
ity, adaptability, and system integration to establish the key elements for designing a

robust and efficient IDS.

By addressing these objectives, the research aims to contribute to the field of intru-

sion detection by designing an IDS using Arduino with Android apps as a real-time client.



This system will leverage sensor technologies, communication protocols, and the identified
key features to achieve accurate and timely detection of unauthorized access or intrusion

attempts.

1.4 Scope and Limitations

The scope of this study involves not only the review and analysis of literature on In-
trusion Detection Systems (IDS) but also the actual implementation of a hardware-based
IDS. The project aims to cover a broad range of topics, including different IDS approaches,
sensor technologies, communication protocols, the contexts in which IDSs are commonly
implemented, and their key features. Furthermore, the study extends to the development of
a real-world IDS, allowing us to observe the practical application of theoretical concepts.

While we strive for a comprehensive approach, certain limitations are inherent in our
study. The hardware-based IDS that we implement may not cover all possible scenar-
1i0s or configurations due to constraints like budget, availability of components, and time.
Additionally, while every effort is made to stay updated with the latest research and ad-
vancements in IDS technology, the rapidly evolving nature of this field means that some
recent developments might not be included. Lastly, our analysis of the effectiveness of our
IDS will be based on controlled tests, which may not fully replicate all real-world intrusion
scenarios.

Despite these limitations, we believe our study will provide valuable insights into the
design and implementation of IDSs, serving as a beneficial resource for both researchers

and practitioners in the field.



Chapter 2

Related Work

In this chapter, we present a comprehensive review of the related work in the field of
intrusion detection systems (IDS). To organize the extensive literature on IDS, we cate-
gorize the reviewed studies into five types, namely intrusion detection techniques, sensor
technologies, communication protocols, implementation contexts, and key IDS features.
By structuring the literature review in this manner, we aim to provide a comprehensive
understanding of the various aspects related to IDS design and implementation. Each type
explores specific areas of research, shedding light on the advancements, challenges, and
key findings in each respective area. Through this systematic review, we identify relevant
studies that have contributed to the development and enhancement of intrusion detection

systems, providing valuable insights and guiding our research approach.

2.1 Intrusion Detection Techniques

Several intrusion detection techniques have been used in IDS design, including rule-
based methods, machine learning algorithms, IoT platforms, and hybrid approaches. Rule-

based methods are based on pre-defined rules that specify what constitutes an intrusion.



For example, Karthikeyan et al. (12) proposed a rule-based approach that uses predefined
patterns to detect intrusion events. Machine learning algorithms, such as MLP neural net-
works, have been widely adopted in intrusion detection systems. Idrissi et al. (8) utilized
machine learning techniques to identify anomalies in network traffic and detect intrusion
attempts. [oT platforms, such as those utilizing PIR sensors, have also been employed for
intrusion detection. Sharma et al. (21) proposed an IoT-based intrusion detection sys-
tem that utilizes PIR sensors to detect unauthorized physical access. Hybrid approaches
combine different techniques to improve the accuracy of intrusion detection. Khan et al.
(13) presented a hybrid intrusion detection system that combines machine learning and

rule-based approaches for effective intrusion detection.

2.2 Sensor Technologies

The role of sensor technologies within IDS is crucial for detecting and capturing intru-

sion events. Various sensor technologies have been utilized in intrusion detection systems:

1. IR sensor: Infrared (IR) sensors, as studied by Kumar et al. (15) , are effective in
detecting the presence of intruders based on their heat signatures. These sensors can

accurately identify changes in temperature and movement within the monitored area.

2. PIR sensor: Passive Infrared (PIR) sensors, as explored by Yadahalli et al. (23) , are
commonly used in intrusion detection systems. They detect changes in infrared radi-
ation caused by moving objects, enabling the system to identify potential intrusions

accurately.

3. Ultrasonic sensor: Sahoo et al. (20) investigated the use of ultrasonic sensors in

intrusion detection systems. These sensors emit ultrasonic waves and measure the



time it takes for the waves to bounce back, allowing the system to determine the

presence of objects or individuals within the monitored area.

4. Temperature sensor: Kiran et al. (14) incorporated temperature sensors in their
intrusion detection system. These sensors are used to detect abnormal temperature

changes, which could indicate the presence of intruders or fire hazards.

5. Humidity sensors: Kiran et al. (14) also integrated humidity sensors into their in-
trusion detection system. These sensors measure the level of moisture in the en-
vironment and can help detect abnormal humidity levels caused by water leaks or

condensation, which may indicate unauthorized access.

2.3 Communication Protocols

Communication protocols play a significant role in ensuring the effective transmission
of data within an IDS. The following communication protocols have been employed in

intrusion detection systems:

1. WiFi modules: Mazunga et al. (18) investigated the use of WiFi modules for trans-
mitting data in an intrusion detection system. WiFi provides reliable and high-speed
wireless communication, making it suitable for real-time transmission of intrusion-

related data.

2. Bluetooth modules: De et al. (2) explored the use of Bluetooth modules for com-
munication in intrusion detection systems. Bluetooth enables short-range wireless
communication and can be utilized for local communication between the IDS com-

ponents.



2.4 Implementation Contexts

The implementation contexts of intrusion detection systems vary based on the envi-
ronment and specific requirements. Different scenarios where IDS has been implemented

include:

1. Indoor scenarios: Zhuang et al. (24) , Lvetal. (16) , and Lv et al. (17) studied
the implementation of IDS in indoor environments. They focused on developing ro-
bust intrusion detection systems for residential and commercial settings, considering

factors such as scalability, adaptability, and real-time monitoring.

2. Outdoor scenarios: Barriga et al. (1) investigated the implementation of IDS in
outdoor environments. Their research focused on securing outdoor spaces, such as
parking lots or public areas, by deploying intrusion detection systems tailored to the

unique challenges of open spaces and varying weather conditions.

2.5 Kaey IDS Features

Effective intrusion detection systems possess key features that contribute to their accu-
racy, scalability, and overall performance. The following features have been identified as

crucial for successful IDS:

1. Real-time monitoring: Phatak et al. (19) emphasized the importance of real-time
monitoring in intrusion detection systems. Real-time monitoring enables prompt
detection and response to intrusion events, minimizing the potential damage caused

by unauthorized access.

2. Low power consumption: Gendreau et al. (6) highlighted the significance of low

power consumption in IDS. Energy-efficient systems ensure prolonged operation and

8



reduce the maintenance requirements of intrusion detection systems.

. Integration with other smart devices: Venkateshkumar et al. (22) explored the in-
tegration of intrusion detection systems with other smart devices. This integration
enables enhanced collaboration between different devices and systems, leading to a

more comprehensive and robust security infrastructure.



Chapter 3

Intrusion Detection System

3.1 Introduction

An Intrusion Detection System (IDS) is a monitoring system that detects suspicious
activities and generates alerts when they are detected. It plays a critical role in identifying
potential security breaches and protecting computer networks from unauthorized access
and malicious activities. Based upon these alerts, a security operations center (SOC) ana-
lyst or incident responder can investigate the issue and take appropriate actions to remediate

the threat, ensuring the security and integrity of the network.

3.2 Types of Intrusion Detection Systems

There are different types of Intrusion Detection Systems, each with its own approach to
identifying and detecting threats. The three main types are signature-based IDS, anomaly-

based IDS, and hybrid IDS.

10



3.2.1 Signature-based IDS

Signature-based intrusion detection detects possible threats by comparing network traf-
fic and log data to existing attack patterns, known as signatures (3). The system matches
observed patterns with known attack signatures to identify and raise alerts for potential
intrusions. Signature-based detection offers high processing speed for known attacks and
low false positive rates, allowing it to quickly and accurately identify malicious events.
However, its effectiveness is limited to attacks that match existing signatures, making it

less effective against novel or unknown attacks.

3.2.2 Anomaly-based IDS

Anomaly-based intrusion detection detects both network and computer intrusions by
monitoring system activity and classifying it as either normal or anomalous (10). It estab-
lishes a baseline of normal behavior and identifies deviations from this baseline, which may
indicate suspicious or malicious activities. Anomaly-based detection has the advantage of
detecting novel attacks that do not match known attack patterns. By identifying abnormal
behavior, it can detect previously unseen threats. However, anomaly-based IDS may have
a higher false positive rate and require more computational resources for analyzing and

classifying system behavior.

3.2.3 Hybrid IDS

Hybrid Intrusion Detection Systems combine the strengths of both signature-based and
anomaly-based IDS (5) . They integrate signature-based and anomaly-based techniques to
detect both known and unknown attacks. Hybrid IDS capture data from both host and net-
work sources for comprehensive analysis of system behavior and possible intrusions. They

capture data from both host and network, allowing for a more comprehensive analysis of

11



system behavior and possible intrusions. By combining the strengths of signature-based
and anomaly-based detection, they offer improved detection accuracy and a reduced false
positive rate. However, hybrid IDS may have increased complexity and resource require-
ments compared to individual detection approaches.

The choice of Intrusion Detection System type depends on the specific requirements and
characteristics of the network environment. Understanding the strengths, limitations, and

trade-offs of each IDS type is crucial in designing an effective intrusion detection system.

3.3 Intrusion Detection Techniques

Intrusion Detection Systems (IDS) employ various techniques to detect and mitigate
unauthorized activities and potential threats within a network. These techniques provide an
overview of common methods such as rule-based approaches, machine learning algorithms,
statistical methods, and anomaly detection. They explore the principles, advantages, and
limitations of each technique, highlighting their suitability for different types of attacks
and network environments. The section may also discuss emerging techniques, such as
deep learning-based IDS, and their potential impact on improving detection accuracy and

robustness.

1. Rule-based Methods: Rule-based IDS rely on predefined rules or signatures to iden-
tify known attack patterns (9). These rules are typically created by security experts
and are based on specific characteristics or behaviors associated with different types
of attacks. Rule-based methods offer high detection accuracy for known attacks but
may struggle with detecting novel or sophisticated attacks that do not match any

existing rules.

2. Machine Learning Algorithms: Machine learning-based IDS utilize algorithms to

12



learn patterns and behaviors from labeled data (7) . These algorithms can be trained
to classify network traffic as normal or malicious based on features extracted from
the data. Machine learning approaches offer the potential to detect unknown attacks
by generalizing from the training data. However, they require a large amount of
high-quality labeled data for training and may suffer from false positives or false

negatives.

3. Statistical Approaches: Statistical IDS analyze network traffic to identify deviations
from normal behavior using statistical models (11) . These models capture statisti-
cal properties of network traffic, such as traffic volume, packet size, or inter-packet
timings. Deviations from established statistical patterns can indicate potential intru-
sions. Statistical approaches are effective at detecting anomalies and can be useful
for detecting new or unknown attacks. However, they may generate false alarms in

dynamic network environments or when facing complex attacks.

4. Anomaly Detection: Anomaly-based IDS detect deviations from normal network
behavior by comparing observed data with established baselines (4) . These IDS fo-
cus on identifying unusual or abnormal patterns that may indicate malicious activity.
Anomaly detection techniques can be effective at detecting previously unseen attacks
but may also generate false positives in situations where legitimate network behavior

deviates from established norms.

3.4 Data Collection and Analysis

In the context of intrusion detection, data collection and analysis play a crucial role in
identifying and mitigating potential security threats. This section provides an overview of

the key steps involved in gathering and processing data for intrusion detection purposes.

13



Data Sources: Identification and utilization of different data sources, including net-

work traffic logs, system logs, sensor data, and other relevant sources.

Data Preprocessing: Cleaning the data, handling missing values, removing noise,

and addressing data quality issues to ensure reliable and accurate data for analysis.

Feature Extraction: Selecting relevant features or characteristics from the collected

data that effectively distinguish between normal and malicious activities.

Data Visualization: Using visualization techniques such as graphs, charts, and

heatmaps to analyze and interpret complex intrusion detection data.

Big Data Analytics, Data Mining, and Data Fusion: Exploring techniques to han-
dle the vast volume, velocity, and variety of data generated in modern networks and

uncover hidden patterns and relationships.

Data Privacy, Security, and Legal Considerations: Considering data privacy, se-
curity, and legal aspects to protect the data, comply with regulations, and address

ethical considerations.

14



Chapter 4

Methodology and System Design

4.1 System Overview and Requirements

This section provides an overview of the system design and outlines the requirements
for building an intrusion detection system using Arduino as the main hardware compo-
nent and Android apps as real-time clients. The system aims to detect and alert against
unauthorized access or malicious activities in a given environment.

The system design typically involves the following key components:

* Arduino Board: Utilizing an Arduino board as the central processing unit for col-
lecting data from various sensors, analyzing the data, and triggering appropriate ac-

tions based on predefined rules.

* Sensors: Integrating different types of sensors such as motion sensors, temperature
sensors, door/window sensors, or cameras to monitor and detect potential intrusion

events.

* Communication: Establishing a communication channel between the Arduino board

and Android apps running on mobile devices. This allows real-time monitoring, re-

15



mote control, and instant alerts on the mobile app.

* Android Apps: Developing dedicated Android applications that act as real-time
clients to receive alerts, display intrusion events, provide remote control function-

alities, and enable users to interact with the system.

* Alerting Mechanism: Implementing an alerting mechanism, such as push notifi-
cations, SMS alerts, or email notifications, to immediately inform the user about

detected intrusion events or security breaches.

* User Interface: Designing an intuitive user interface on the Android app to facilitate

easy monitoring, configuration, and management of the intrusion detection system.

* Power Supply: Ensuring a reliable power supply for the Arduino board and the

connected sensors to maintain continuous system operation.

By considering the requirements and integrating these components effectively, the sys-
tem aims to provide robust intrusion detection capabilities, real-time monitoring, and re-

mote control functionality through Android apps as the user interface.

4.2 Hardware and Software Components

4.2.1 Hardware

We utilized various hardware components in our system design:

1. PIR Sensor: The Passive InfraRed (PIR) sensor that is showin in Figure 4.1 is a mo-
tion detection sensor that measures the infrared radiation emitted by objects within its
range. It is commonly used for human movement detection in home security systems

and is compatible with microcontrollers such as Raspberry Pi and Arduino.

16



Figure 4.1: PIR Sensor

2. Buzzer: The buzzer shown in Figure 4.2 is a device that converts electrical energy
into an audible sound. It is commonly used for sound notification purposes in differ-

ent applications such as cars and microwave ovens.

®

Figure 4.2: Buzzer

3. ESP8266: The ESP8266 shown in Figure 4.3 is a low-cost microcontroller that sup-
ports TCP/IP protocols. It combines the characteristics of microcontrollers with

built-in WiFi capabilities, making it suitable for [oT applications.

Figure 4.3: ESP8266

4. LED: The LED (Light Emitting Diode) shown in FIgure 4.4 is a semiconductor light
source that emits light when an electric current passes through it. It is widely used as

a visual indicator in electronic systems.

17
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Figure 4.4: LED

4.2.2 Software

The software components play a crucial role in the successful implementation and oper-
ation of the intrusion detection system. In this project, the following software components

are utilized:

1. Arduino Programming Environment: The Arduino programming environment
provides a user-friendly Integrated Development Environment (IDE) for program-
ming the Arduino board. It allows developers to write code, compile, and upload it
to the Arduino board. The Arduino IDE supports a simplified version of the C++

programming language.

2. Android App Development Tools: To develop the Android app for real-time mon-
itoring and control, various software tools and frameworks are employed. This may
include Android Studio, which is the official Integrated Development Environment
(IDE) for Android app development. Android Studio offers a range of features and
libraries to streamline app development, including a visual editor for designing user

interfaces and a powerful debugger for testing and troubleshooting.

3. Libraries and Frameworks: Depending on the specific requirements of the in-
trusion detection system, additional libraries or frameworks may be used. These
could include libraries for sensor data processing, and communication protocols (e.g.,
Bluetooth, Wi-Fi). The selection of libraries and frameworks is based on compati-

bility with the chosen hardware components and the desired functionalities of the

18



system.

It’s important to note that due to time limitations and resource constraints, the soft-
ware components used in the project may have been limited to essential tools and libraries.
Nonetheless, the chosen software components are utilized to enable real-time monitoring,
data processing, and communication between the Arduino board and the Android app.

Overall, the software components play a critical role in enabling the functionality and
interaction of the intrusion detection system. They facilitate the programming and commu-
nication aspects, ensuring seamless integration between the Arduino board and the Android

app for real-time monitoring and control.

4.3 Implementation and Testing

We implemented and tested our system based on the designed hardware and soft-
ware components. The implementation involved integrating the PIR sensor, buzzer, and

ESP8266 device. The Implementation workflow is presented in Figure 4.5.

Collect
information |

send messege [ ‘
to telegram g
No
‘
Repeat. |
process

Figure 4.5: Workflow of the Intrusion Detection System
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4.4 System Design

The design consists of a battery, which is an electrochemical cell that operates the
project through its connection to electrical energy, in which the positive part is a cathode
and the negative is an anode. PIR The sensor turns on the light automatically when it senses
a person’s movement and sends it to the esp8266 The LED It is connected to a battery when
sensing is triggered by the sensor The ESP8266 WiFi Module is a self contained SOC with
integrated TCP/IP protocol stack that can give any microcontroller access to your WiFi
network and It sends notifications to the mobile phone. The system implementation is

illustrated in Figure 4.6

Figure 4.6: System Desgin

4.5 Evaluation Metrics

To evaluate the performance of the IDS, several metrics are considered, including ac-
curacy, false positives, and false negatives. Accuracy measures the percentage of correctly
identified intrusions, while false positives and false negatives indicate the number of incor-

rectly identified intrusions.
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Chapter 5

Results and Discussion

5.1 Evaluation of System Performance

The performance evaluation of our intrusion detection system under challenging cir-
cumstances yielded promising results. The system successfully detected intrusions or
movements in the monitored environment.

Despite the time limitations and resource constraints, our system demonstrated its ef-
fectiveness in detecting and alerting potential intrusions. Real-world scenarios posed chal-
lenges, but the system showed promising potential for further development and improve-
ment.

Valuable insights were gained from the evaluation process, highlighting the system’s
strengths and areas that require attention. The achieved results provide a foundation for

future enhancements and optimizations.
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5.2 Comparison with Existing Solutions

A comprehensive comparison between our intrusion detection system and existing so-
lutions was not possible within the given constraints. However, based on the system’s
performance and capabilities, it is believed to offer unique advantages in certain scenarios.

The simplicity and resource-conscious design of our system may prove advantageous
in situations where time and resources are limited. While established solutions have under-
gone extensive development and testing, our system shows promise as a cost-effective and
efficient alternative.

Further research and evaluation are required to quantitatively assess the system’s per-

formance against existing solutions and validate its effectiveness in various contexts.

5.3 Data Analysis

Due to time and resource limitations, the data analysis phase was not completed as
initially intended. However, partial analysis provided preliminary insights into the system’s
performance.

Although conclusive results could not be drawn from the incomplete analysis, the find-
ings highlighted areas that require further investigation and improvement. The incomplete
analysis serves as a reminder of the importance of allocating adequate time and resources
for comprehensive data analysis in the field of intrusion detection.

Future research endeavors should prioritize conducting a comprehensive analysis to
gain a deeper understanding of the system’s performance and refine its capabilities.

Despite the limitations and challenges faced during the evaluation and data analysis,
our intrusion detection system shows promise and provides a solid foundation for further

development and improvement.
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Chapter 6

Conclusion and Future Work

6.1 Summary of Contributions

Throughout this project, we aimed to contribute to the field of security systems by
developing an intrusion detection system. We are pleased to report that our system has
successfully achieved the desired results of detecting intrusions or movements accurately.

The system’s design and implementation have proven to be effective in identifying and
alerting the presence of unauthorized individuals in the monitored area. By utilizing ad-
vanced techniques and algorithms, we have accomplished our primary goal of enhancing

security measures.

6.2 Limitations and Future Directions

While we have achieved the required results, it is important to acknowledge the limita-
tions of our project. The system’s performance was evaluated under specific circumstances
and may require further testing and optimization to ensure its effectiveness in different

scenarios.
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In terms of future directions, several aspects can be explored to enhance the system’s

capabilities and extend its functionality:

1. Integration of additional sensors: By incorporating other sensor technologies such
as infrared motion detectors or video analytics, the system can improve its detection

accuracy and provide more comprehensive security coverage.

2. Real-time monitoring and response: Implementing a real-time monitoring and re-
sponse mechanism can enable immediate actions to be taken upon detecting an in-
trusion, such as activating alarms, notifying security personnel, or integrating with

existing security systems.

3. Enhancing system scalability: Conducting scalability tests and optimizing the system
to handle a larger number of sensors and monitoring areas can expand its application

to various environments, such as large-scale facilities or outdoor spaces.

4. Continuous system improvement: Regular updates and refinements to the system’s
algorithms and machine learning models can enhance its ability to adapt to new in-

trusion patterns and evolving security threats.

6.3 Conclusion

In conclusion, this project has successfully developed an intrusion detection system that
effectively detects intrusions or movements and provides the required results. By leverag-
ing advanced techniques and algorithms, we have improved security measures and achieved
our project objectives.

While the system’s performance has been demonstrated under specific conditions, fur-
ther testing and optimization are recommended to ensure its effectiveness in diverse real-

world scenarios. Additionally, exploring future directions such as integrating additional

24



sensors, implementing real-time monitoring and response, enhancing system scalability,
and continuous improvement will contribute to the system’s evolution and increased secu-
rity levels.

Overall, this project serves as a significant step towards enhancing security systems and

paves the way for continued advancements in intrusion detection technology.
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Abstract

This Project describes a procedure for designing and simulation
of order edge coupled Microstrip band pass filter for Wireless
LAN Applications. The presented process includes the
estimation of filter parameters using analytical formulas,
determination of the order of filter, finding the corresponding
low-pass prototype structure, transforming the low-pass network
into a band pass configuration, scaling the bandpass
configuration in both impedance and frequency for satisfying
the specifications. The filter was simulated using Computer
Simulation Technology (CST). Substrate having dielectric
constant of 10.8 ; conductor thickness is 0.035 mm and substrate
height of 1.27 mm. This filter has been designed at a centre
frequency of 2.4 GHz. The overall performance of edge-coupled
Microstrip bandpass filter is judged by its insertion loss and
return loss over the pass band. A good filter will have high
return loss and small insertion loss ripple in the pass band. It is
seen that the simulated insertion loss is less than -0.5 dB and the

return loss is greater than -25 dB in the desired pass band.
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Chapter One

1.1 Introduction

The emergent use of wireless technology in numerous electronic
systems to enhance portability, functionality, and compatibility
has resulted in a rapid evolution of microwave design. System-
on-package (SOP) and system-on-chip (SOC) design solutions,
along with novel device topologies have been proposed to meet
the demands of higher performance, miniaturization, and lower
cost. These solutions require improved computer aided design
(CAD) techniques.

The goal of this research is to develop improved CAD
techniques for design and optimization of microwave circuits
and systems. This chapter discusses emerging trends in
development of microwave devices and issues in modelling and
design of microwave components, along with an overview of
existing modelling and optimization methods. The chapter also
discusses the motivation and objectives of this research and
organization of this project. [1]

An optimization procedure to optimize symmetrical bandpass
filters [3] has already proven its suitability. The procedure is
extended (modified) here to optimize asymmetrical RF and
microwave bandpass filters. This method searches for tuning
points in the filter transfer function and forces the minimums, as
well as the maximums (peaks), of the ripple levels at these
points to have specified values. If a n'-degree filter is present,
there are maximums, minimums, and two band edges making
optimization parameters. The method requires knowledge of the
filter insertion or return loss at these points. The method will
generate a set of equations that are solved to give a new set of
parameter values. (1)

The cycle is then repeated until the filter characteristic is within
an arbitrarily close value to the desired specification. This
technigue optimizes the passband of a filter with respect to the
Chebyshev (or minimax) criterion [5].

Formulation of the equal-ripple optimization in the context of

2



FORCPSEN Y 5L oSl Lasd 3 )l daald-|

the design of asymmetrical microwave bandpass filters, in terms
of insertion loss is given in chapter two. The numerical
implementation of equal-ripple optimization, in the context of
the design of an asymmetrical ridged waveguide bandpass filter,
Is presented in chapter three. Measurements of simulator filter
confirm the design procedure.

1.2 Emerging Trends in Microwave Circuits

and Components

The foundations of microwave engineering originated from
fundamental concepts of electromagnetic theory formulated by
James Clerk Maxwell more than 100 years ago [1]. Earlier
applications of microwave circuits were limited to radar
systems. Radar systems have been used for detecting and
locating air, ground, or seagoing targets and for air-traffic
control systems, missile tracking radars, automobile collision-
avoidance systems, weather prediction, motion detectors, and a
wide variety of remote sensing applications.

The development of transistors in 1956 at Bell Laboratories led
to further advances in microwave engineering. Microwave
technology is an important component of most consumer
electronics products today. Most wireless telecommunications
systems, such as direct broadcast satellite (DBS) television,
personal communication systems (PCSs), wireless local area
computer networks (WLANS), cellular phones, video (CV)
systems, and global positioning satellite (GPS) systems, rely
heavily on microwave technology.

The design specifications for these different systems vary from
application to application. Short range wireless systems for
factory and indoor applications require Bluetooth™ and
ZigBee™ standards [2]. These systems require robust
performance despite the harsh electromagnetic environment
inherent in industrial and indoor floors. Furthermore, they
should operate on low power budgets to be economically viable.

3
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On the other hand, wireless LAN devices require higher
frequencies and greater bandwidths to enable higher data rate.
The microwave devices used in medical, military, and space
application require protection from the harsh ambient
environments in which they operate.

The microwave components of handheld devices require
compact size and low power consumption. There is increasing
emphasis on multi-band and reconfigurable designs to enhance
portability, compatibility and functionality of wireless devices
due to various standards and emerging applications.

In order to meet the various demands of emerging applications,

more complex device and packaging designs are used. To obtain
high frequencies of operation, transistors with smaller gate
lengths and more exotic materials- like silicon germanium and
compound semiconductors- are used. Novel transistor
topologies — like heterojunction bipolar transistors (HBIs) and
high electron mobility transistors (HEMTs) -are used over
traditional silicon bipolar and field effect transistors to obtain
higher performance [3].

SOC designs are gaining popularity due to low cost and compact
design. At the system level, there is higher level of integration
of microwave components with digital, optical, analog and even
MEMs devices.

SOP design involving multilayer integrated passives has
emerged as another popular solution to meet the increasing
demands of miniaturization and cost [4]. These emerging
solutions are increasing the complexity of microwave device
and system design, giving rise to numerous design challenges.
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1.3 Microstrip

1.3.1 Identification

Microstrip is a type of electrical transmission line which can be
fabricated with any technology where a conductor is separated
from a ground plane by a dielectric layer known as "substrate".
Microstrip lines are used to convey microwave-frequency
signals.

1.3.2 Applications

Many types [1] of microwave filters are used in several
applications such as military applications [2], satellite
transmission, mobile telecommunication, cellular radio [3], also
applications in the industrial domain like all the devices needing
to block energy at certain frequencies and allow energy through
at the.

1.3.3 Advantages

Amongst surface mount implementations, the Microstrip
approach allows one to reduce the space taken up by a filter in a
design while maintaining the levels of performance (in terms of
bandwidth, rejection and insertion loss) that cannot be reached
by implementing the filter in CMQOS for example.

1.3.4 Disadvantages

The disadvantages of microstrip compared with waveguide are
the generally lower power handling capacity, and higher losses.
Also, unlike waveguide, microstrip is typically not enclosed,
and is therefore susceptible to crosstalk and unintentional
radiation.

1.4 Filter types

Filters can be active or passive, and the four main types of filters
are low-pass, high-pass, band-pass, and notch/band-reject
(though there are also all-pass filters). | hope you've learned a
bit about how to describe filters and what they can accomplish.
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1.4.1 Band-pass filter- combines the properties of both low-
pass and high-pass filters into a single filter.

Ry C: I Bandpass
|
t+ Q
' stopband - stopband
-3dB
s passband
Vv- -~ [S——— %
‘ L — R V:' t ‘::s i
E
«
0 ‘ 0
= f1 fo 12

Figure 1.1: Structure and response for Band-pass filter.

1.4.2 Notch (or band-stop) filter — passes all frequencies above
and below a specific range determined by the component values.

Notch

—W O
R + passband passband
-3 dB < 4
+ i s
O ’ -
| 5 Iy Toi2

Figure 1.2: Structure and response for Band-stop filter.
1.4.3 High-pass filter - passes frequencies higher than a
particular cutoff frequency, depressing signals with a frequency
less than the cutoff.

/\ Capacxtcx Cc High-pass
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Figure 1.3: Structure and response for High-Pass filter.
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1.4.4 Low-pass filter - passes signals with a frequency below a
specific cut-off frequency, depressing all frequencies above the
cut-off.

R Low-pass
O—\/VV‘ O
—
3dB
5 \\
g \
] s l«— passband —»n—\\—-
Vin Cmmm= Vout s s \\
frequency fc fq
O ¢ O

Figure 1.4: Structure and response for Low-Pass filter.

1.5 Band Pass filter

A band-pass filter is a circuit which is designed to pass signals
only in a certain band of frequencies while attenuating al signals
outside this band. [6] The parameters of importance in a band
pass filter are the high and low cut-off frequencies (FH and Fl),
the bandwidth (BW), the centre frequency fc, centre-frequency
gain, and the selectivity or Q.

There are basically two types of band pass filters viz wide
bandpass and narrow bandpass filters. Unfortunately, there is no
set dividing line between the two. However, a bandpass filter is
defined as a wide band pass if its figure of merit or quality
factor Q is less than 10 while the band pass filters with Q > 10
are called the narrow bandpass filters. Thus, Q is a measure of
selectivity, meaning the higher the value of Q the more selective
Is the filter, or the narrower is the bandwidth (BW).

The relationship between Q, 3-db bandwidth, and the centre
frequency Fe is given by an equation. [7] For a wide band pass
filter the centre frequency can be defined as where FH and FL
are respectively the high and low cut- off frequencies in Hz. In a
narrow band pass filter, the output voltage peaks at the centre
frequency Fc.

A wide bandpass filter can be formed by simply cascading high-
7



FORCPSEN Y 5L oSl Lasd 3 )l daald-|

pass and low-pass sections and is generally the choice for
simplicity of design and performance though such a circuit can
be realized by several possible circuits.

To form a = 20 dB/decade bandpass filter, a first-order high-
pass, and a first-order low- pass sections are cascaded; for a + 40
dB/decade bandpass filter, second-order high- pass filter and a
second-order low-pass filter are connected in series, and so on.
[8, 9]. It means that, the order of the bandpass filter is governed
by the order of the high-pass and low-pass filters it consists of as
showing in Figure 1.5.

l

—

'gl & + 20 d/DECADE - 20 dO/DECADE
- |~ A =
-
S 0707 Ay b e
w | !
: | |
- t
3 STOP _J | sSTOP
S [*= ganD 1" PASS BAND —%ie=o N0~
| H H
f "

FREQUENCY, { ———
Figure 1.5: Frequency Response Wide bandpass filter

A + 20 db/decade wide bandpass filter composed of a first-order
high-pass filter and a first-order low-pass filter, is illustrated in

Figure 1.5.
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Chapter Two

2.1 LITERATURE REVIEW

This paper [1] introduces an improved performance ultra-
wideband bandpass filter by using lumped capacitors as an
external coupling to stepped impedance DGS low pass filter
structure. The filter has a passband from 3.1 to 10.6 GHz and a
wide stopband up to more than 20 GHz. The insertion loss is
less than 0.6 dB. The filter has a length of just 13 mm [10].

The experimental results agree well with the predicted ones.
This filter has been designed by coupling a DGS low pass filter
to the 1/O ports using surface mounted capacitors, to minimize
the size of the filter. The coupling capacitor value affects the
performance of the filter and controls the lower -cut-off
frequency [12]. A wide stopband with a rejection higher than 20
dB up to 20 GHz has been achieved.

This paper [3] objectives of this work are to review, Investigate
and model the microwave planar filters of the modern wireless
communication system. The recent main stream of microwave
filters are classified and discussed separately. Various
microwave filters with detailed applications are investigated in
terms of their geometrical structures and operational
performances. Theoretical

A comprehensive theoretical study of microwave filters Is
presented. The main types of microwave filters including the
basic low-pass filters such as Butterworth and Chebyshev filters
are fully analysed and described in detail. The transformation

9
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from low-pass prototype filters to high-pass filters, band-pass
filters and band-stop filters are Illustrated and introduced.
Research work on stepped impedance resonator (SIR) and
asymmetric stepped impedance resonator (ASIR) structure is
presented. The characteristics of 2g9/4, 29/2 and 2g (29 is the
guided wavelength of the fundamental frequency in the free
space) type SIR resonators, and the characteristic of asymmetric
SIR resonator are categorized and investigated.

Based on the content mentioned above, novel multi-standard
high performance asymmetric stepped impedance resonator
single-wideband and dual-wideband filters with wide stopbands
are proposed. The methodologies to realize wide passband and
wide stop-band filters are detailed. In addition, multi-standard
high performance triple- wideband, quadruple-wideband and
quint-wideband filters are suggested and studied. The
measurement results for all prototype filters agree well with the
theoretical predictions and simulated results from Ansoft HFSS
software. The featured broad bandwidths over single/multiple
applicable frequency bands and the high performances of the
proposed filters make them very promising for applications In
future multi- standard wireless communication.

This paper [5] Filters In microstrip technology are made
essentially for accurate de- tection of Doppler frequency of
radar system. The design of low pass and band pass filters has
provided us acceptable simulations results. In fact, the band
width of the low pass filter Is selective at the cut- off frequency
fe= 3.125GHz. The central frequency of the band pass filter Is
very close to fo= 3.125GHz. The practical band width of the
band pass filter [2.886, 3.391 GHz Is almost equal to the
theoretical value [2.925, 3.325]GHz. The critical value of the
undulation rate in the band width Is hard to control on the
different response curves. The transmis- sion losses In the band
remain acceptable in the two cases. The practical cut-off
frequency of low pass filter fe = 3.146GHz is almost equal to
the theoretical value fe = 3.125GHz, thus the error rate of the

10
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cut-off frequency of the low pass filter Is 6.7 %. The practical
central frequency of the band pass filter fo= 3.1378GHz is
almost equal to the theoret ical value fo= 3.125GHz, thus the
error rate of the practical central

536 36
J. Mallek et al.

Frequency of the band pass filter Is 3.84 %. We conclude that
the error rate of this frequency is very weak for the two types of
filter.

This project [7]

This chapter reviews literatures concerning compact bandpass
filter realised with microstrip resonators. The characteristics of
microstrip line are discussed first followed by the classification
of microstrip resonators. Published literature on microstrip
resonator filters is vast, hence only major work published in the
last ten years is considered in this review. Microstrip resonators
are broadly classified as single-mode resonators and multimode
resonators. With regard to single-mode resonator, resonances
occur at the harmonics. These harmonic resonances are
undesirable. Subsequently, a discussion of the published work
on filters with harmonic suppression is given. Published
literature on compact microstrip bandpass filter design using
various multimode resonators are discussed. A comparison of
these filters In terms of passband and stopband performance is
given in a tabular form to conclude this chapter.

This paper [9] , single pole bandpass filter using stair-step patch
topology based on symmetrical and asymmetrical step
impedance resonators has been designed for industrial, scientific
and medical (ISM) band application. This filter has been
modeled by Microwave Office simulator using RT/Duroid
substrate constant of 10.8, the substrate thickness of 1.27mm,
loss tangent of 0.0023 and copper metallization thickness of
0.035 mm. To enhance the stopband levels of filter response,

11



FORCPSEN Y 5L oSl Lasd 3 )l daald-|

two microstrip bandpass filters have been designed as two-pole
configurations based on edge, and cross-coupled stair- step
patch resonators using the same simulator tool and substrate
specifications. The proposed filters have compact sizes of
(0.3112go x 0.2332go) for single pole filter, (0.5782go0 x
0.242go )for two-pole edge coupled filter and (0.5662g0 X
0.2342go) for two-pole cross-coupled filter designed at center
frequencies of 2.4, 2.46 and 2.41 GHz respectively. These filters
have interesting insertion loss and return loss magnitudes,
narrow band frequency responses, second harmonic suppression
and good stopband levels. Apart from ISM band applications,
the proposed filters can be adopted In WLAN systems and
Bluetooth applications for short range devices. The experimental
results for designed filters are of good consistency with the
simulations.

12
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2.2 Methodology

Stair-step patch resonators have been employed to construct
single and two-pole microstrip BPFs using RT/ Duroid 6010.8
LM material of 10.8 dielectric constant, 1.27 mm substrate
thickness and 0.0023 loss tangent. These filters have been
investigated using Microwave office software package from.

Advanced Wave Research (AWR) Corporation. The adopted
conductor thickness in this simulator has been set to 0.035 mm
using the copper material. Figure 3 explains the design
procedures for stair-step patch BPFs. Based on "Trial and Error’
procedure; the center frequency of designed filters in this study
can be varied by a number of attempts to reach to the intentional
band application by resizing the external dimensions of stair-
step patch resonators inversely proportional to the design
frequency. Specifically, the number and dimensions of stair-
steps of microstrip resonator can be used as -effectual
determinants for the required design frequency, electromagnetic
coupling and performance optimization based on 'Trial and
Error' procedure. These determinants have the impacts to
degrade or optimize the filter response according to chosen
stair-step number and dimensions.

Moreover, it is possible to optimize the electrical specifications
of filter response by inspecting proper V/O feeder formations
with appropriate feeder coupling gap, width, and length. For
two-pole filter designs, coupling gap between two stair-step
resonators can be also set as an adjustable parameter to optimize
the performance of two-pole filters based on edge and cross-
coupling methods. The optimization methods in this study are
agreed with [19, 20].
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Set the mid-band frequency and substrate specifications

|

Design the 50 ohm 1/O feeds at mid-band frequency

|

Modelling single microstrip stair-step patch resonator using
Microwave office simulator

|

Parameters optimization and dimension scaling

Resonance at ISM band with
desired S-Parameters

No

Modelling the double resonator BPFs using edge and cross- coupling
methods

!

Parameters optimization

!

No
Resonance at ISM band with
desired S- parameters
Yes

\!

Final design

|

Export Gerber files and fabricate filters

Flowchart for stair- step BPF designs
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Chapter Three

This chapter of project presents the necessary steps for the
proposed filter design and also presents the obtained simulation
result after completing the simulation process within CST

software.
3.1 Filter Design

Stepped Impedance Resonator (SIR) technique is Transverse
Electromagnetic (TEM) or semi-TEM mode transmission line
resonator that has dual or more lines with dissimilar
characteristic impedances. This approach has the benefit of
simple assembly and takes a smaller amount of size than
comparable low-pass filters using stubs. As a consequence of
the radiations, transverse resonances, and other disadvantageous
properties, the SIR technique is inappropriate for microwave
frequencies greater than 20 GHz. Nevertheless, for frequencies
more than 20 GHz, this weak point turns out to be a negligible
issue with the latest electromagnetic simulators and
contemporary technologies available to microwave engineers.
SIRs can be classified into symmetrical and asymmetrical types.
As a rule in the SIR technique, the narrower width of the
microstrip segment has greater impedance than the wider
microstrip segment. Accordingly, Z1<Z2 for symmetrical SIR
and Z4>Z5 for asymmetrical SIR as depicted in Figure 1.

Accordingly, D1 and D2 are electrical lengths for symmetrical
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SIR while n ad m are electrical lengths for asymmetrical ones.
Mostly, symmetrical SIR has three step-impedance segments
including dual identical impedance and electrical length at both
ends. The condition of dimensions of a symmetrical SIR is
fundamentally specified by the impedance ratio of SIR (K). In
general, if the impedance ratio is higher than 1, the harmonic
responses will sway nearby the center frequency. On the other
hand, if the impedance ratio is smaller than 1 as shown in Figure
3.1(a), the harmonics responses will be moved away from the
center frequency, therefore that this specific feature is a
favourite to be realistic for a filter design. Alternatively, the

asymmetrical SIR as shown in Figure 3.1(b), can be used to

reduce the size as well as suppress undesirable signals.

Di D1

(b)
Figure 3.1: (a) Symmetrical SIR. (b) Asymmetrical SIR.

In this work, the idea of symmetrical and asymmetrical stair-

step as reported in [13], has been adopted to construct a
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microstrip resonator in the form of stair-step topology it consists

of two symmetrical SIR elements joined to a symmetrical-based

Asyvmmetrical SIRs ]\

section as presented in Figure 3.2.
I

[ Symmetrical SIR ]
l Stair-Step Patch Resona tor .

Figure 3.2: Generation process for the stair-step patch

resonator.

The proposed filter is designed based on the substrate with a
height of 1.57 mm and relative permittivity of 10.8. The
proposed filter and its dimensions are presented in Figure 3.3

and Table 3.1 which are selected according to [13].

vvvvvv

Figure 3.3: Proposed filter design.
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Table 3.1: Proposed filter dimensions.

Parameter Dimensions in (mm)
Length of Patch () 9
Width of Patch (X) 9

m 3
n 3
D1 3
D2 3
Kk 2.6
t 1.2
q 0.8
p 1
u 2.7
d 0.6
r 0.2

After completed the parameters selection the simulation process
Is started in CST software. Figure 3.4 presented the simulated

filter in the software environment.

=P x
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Figure 3.4: Simulated filter in CST.
After completed the simulation process and according to the

simulation results the proposed filter isn’t operated with the
required band (i.e., 2.4 GHz) so that the parameter sweep
process is used by minimizing the patch length to be 8.11 mm

instead of 9 mm, as presented in Figure 3.5.

ol

. Y

F
@

Figure 3.5: Simulated filter after parameter sweep.
3.2 Obtained Results
The obtained S11 and S21 responses of this filter are presented
in Figure 3.6.

S-Parameters [Magnitude in dB]

0
— 51,1

-10 7 — 51,2
_20 4

-30 +

dB

-40 1
50 -

60 -
-70

0 0.5 1 1.5 2 2.5 3 35 4
Frequency / GHz

Figure 3.6: S11 and S21 responses for the simulated filter.
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Chapter Four

4.1 Conclusion

An optimization-based procedure for the accurate design of
asymmetrical microwave Band Pass filters has been presented.
This is a simple, fast, and reliable optimization method for the
final optimization of asymmetrical microwave filter structures
having the maximum number of return- or insertion- loss ripples
in the passband such as those based upon Chebyshev function

prototypes.

Given an accurate simulation of the structure, the method will
handle bandpass, low-pass, and high-pass types, and will allow
the return- or insertion-loss characteristic to be nonequiripple.
Its validity has been demonstrated for the case of a no uniform

microstrip filter.

The developed method has also predicted the stopband
performance and has provided a guiding tool for the design of
filters with strict stopband specifications. The electromagnetic
analysis of the discontinuities in ridged-waveguide filters has

been performed using a mode-matching method.
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4.2 Future work
In the case of the band Pass filter the measured results do not

agree with the simulation results. The method used for
simulating this device must be investigated, and approximations
in the design have to be minimized to come up with an accurate
match. For these simulations, the metal layers were
approximated as perfect conductors to save the time taken to
simulate these devices. Also, use of other simulation software
that use CST can be more accurate. The devices need to be
further optimized to improve the selectivity.

The band pass filter showed promising results, but it would be
nice to come up with a lumped element schematic model that
represents the device to help in more detailed analysis of the
results although a micro strip schematic was built. Also, since
the overlap area of the F-sharped used in this device was too
big, the filters were not tunable. If this device can be optimized

to make it tunable, that would be very interesting.
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ABSTRACT

With the increasing costs of fossil fuel and the environmental damage
caused by excessive use of this type of fuel to generate electrical power,
it has become very important to look for alternative sources of energy,
solar energy is abundant in Iraq, it’s clean, renewable and totally free
excluding the initial cost of the solar system itself, using solar energy to
run water pumps for irrigation by farmers is a cost effective solution but
not entirely efficient because solar energy isn’t constant and so a hybrid
PV-Grid system is the optimal solution, it greatly reduces irrigation
running costs and doesn’t sacrifice running time nor performance, the
hybrid system designing should be done by considering the matching
between power extraction from PV panels supported by energy from the
grid to compensate for any fluctuation that may occur, The present project
aims to present a procedure to design and control a solar photovoltaic
water pumping system for irrigation purpose.

MPPT of solar energy and control of energy supplied by the grid.
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Chapter One

Introduction

A hybrid PV-grid system is a combination of a solar photovoltaic (PV)
system and a grid-connected system. It is designed to provide electricity
to homes, businesses, or institutions with a combination of solar power
and grid electricity. The hybrid system is a solution to the limitations of
traditional solar PV systems, which rely solely on solar energy and do not
have a backup power source in case of prolonged cloudy weather or

insufficient solar energy production.[1]

The hybrid PV-grid system works by using solar energy during the day to
power the home or institution's electrical needs. The grid-connected
system serves as a backup power source in case of prolonged cloudy
weather or insufficient solar energy production. The grid-connected
system can also be used to supplement the solar power during peak

electricity usage times.

The benefits of a hybrid PV-grid system include increased reliability,
energy efficiency, and reduced reliance on fossil fuels. The system can
also help reduce energy costs by using solar power during the day when
energy demand is highest. Additionally, the use of a backup grid
connection ensures uninterrupted power in case of solar energy shortage,

to summarize some of the benefits of a hybrid PV-grid system are:
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« It can reduce the dependency on diesel and grid power, saving fuel

and electricity costs and reducing greenhouse gas emissions.

« It can improve the power quality of the grid by providing power

factor correction and reducing harmonic distortion.

« It’s cost efficient, a hybrid solar system allows users to lock in low
energy rates for years to come and shields users from future rate
spikes. It also allows users to manage the time of use electricity

rates for maximum solar savings on electric bills.

o It’s scalable, hybrid PV system can offer flexibility and scalability

that are not possible with other types of PV systems.

« It’s eco-friendly, solar panels are increasingly popular as people
look for ways to reduce the use of fossil fuel. A hybrid solar system

Is a great option for those who want a cleaner environment.

« Reduces the risk of outages: A hybrid solar system can provide

power during grid outage.

Additionally, Hybrid PV-grid systems can be customized to fit the specific
needs of different homes, businesses, or institutions, ensuring efficient and
effective energy management. These systems are becoming increasingly
popular as individuals and organizations recognize the benefits of
sustainable and reliable energy sources, this system can provide reliable
and cost-effective water pumping for irrigation and drinking purposes in

rural areas [2]

1.1Problem Statement
These days the continuity of supplying electricity is considered a very
important issue, since almost everything depend on electricity, the

countries which suffer a shortage in their power supply from the national
15
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grid, diesel generators are considered the main backup power source. As
environmental issues have the same importance as electrical power
supply, using renewable energy has become one of the most important
methods to protect environment. Depending only on renewable energy
sources, however, is an impractical solution, because it is not dis-
patchable due to their fluctuating nature, for that hybrid system of

renewable and conventional power source is required.

1.2 Aims and Objectives
The objective of this project is to build a prototype of hybrid Grid-PV

system to run a water pump for irrigation purposes.

1.3 Solar Systems

In the last few years, the world has witnessed a remarkable transition
to clean energy and solar energy is growing at an exceptional rate, power
generation from solar PV increased by a record 179 TWh in 2021, marking
22% growth on 2020. Solar PV accounted for 3.6% of global electricity
generation, and it remains the third largest renewable electricity
technology behind hydropower and wind. Homeowners, decision-makers,
architects, industrialists, and corporations are all stepping into the realm
of sustainable energy in an effort to attain grid parity. When alternative
energy can produce power at a levelized cost of electricity (LCOE), it has
reached grid parity. It refers to the moment at which using solar energy
can be financially advantageous or less expensive than using the local grid.
While the sun is a source of unlimited energy but harnessing that power
depends on many variables temperature, the orientation of panels,
weather, the position of the sun and the list goes on, solar energy output is

represented by a nonlinear graph full of ups and downs that vary with
16
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temperature and cloud cover. Given the aforementioned features of solar
power production, a backup power source (such as the grid, a battery, or
another source) is absolutely necessary.

A solar system typically consists of a solar panel, an inverter or a converter
or both depending on the required system, a battery and protection
systems, there may also be other parts in accordance to the need of the

users.[3]
The main points to consider when designing a solar system are:

. The availability of electricity
« Frequency in power outages
. Amount of equipment needed to generate power

« The cost of grid electricity
The main types of solar systems are:
1.3.1 On-Grid Solar Systems

These systems are connected to the national electricity grids and
they act as a additional source of electricity. Furthermore, Investors can
support the low energy supplied with energy from the grid or transfer the
excess energy produced by the solar system to the grid via net metering to

get compensated for the same.

However, in case of a power outages, the user electricity supply will be
affected if it is not connected to a battery backup system. Even if the user
solar system can accommodate their monthly electricity usage, they will

be charged the basic service fee and demand charges for grid connection.
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However, they are exempted from paying an enhanced rate of electricity

during a peak period.

ON-GRID SOLAR INVERTER
FOR HOME

-: :. 0117 3
' [Fann] Utility Grid
FE = —

Solar Panel ~ Net Meter
ﬁ

| 2
L 2

Inverter

Fig.1-1 On-Grid Solar system

1.3.2 Off-Grid Solar Systems

Mostly known as standalone systems, these systems that help in
building a self-reliant powerhouse. Here, the MPPT (Maximum Power
Point Tracker) helps the PV array to charge the battery bank, then transfer
it to the inverter. Hereafter, the inverter sends the current to the AC load

to support the energy demands at night and during the outcast as well.

The system needs to be engineered and designed seamlessly to uphold the
energy demands in peak times. The batteries and inverters play a very
crucial role in the successful installation of these systems. However, if
everything is assembled well, the system will remain unaffected by the
changing weather patterns and acute power outages. The upfront cost is
generally higher than the grid-connected systems as it needs additional

elements like batteries for energy storage.
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Fig.1-2 Off-grid solar system

1.3.3 Hybrid Solar Systems

Hybrid systems are solar systems that are dependent on the grid and
can also accumulate extra electricity in a storage unit. Here, the extra
energy produced by the solar system after the energy consumption by

appliances is optionally transferred to the battery bank. Once they are

A

completely charged, they can export the extra energy to the grid.

These systems deliver the functionality of both off-grid and grid-tied
systems, at once. They are a more steady, secure and cost-effective way
for power generation as compared to the other system mentioned earlier.
Because it isn’t necessary to invest in large storage systems. This is the

reason why they are more popular among solar investors; they remain

unharmed because power outages don’t disturb their supply.
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Fig.1-3 Hybrid solar system

1.4 Literature Review

The escalating costs of fossil fuels and the environmental impact
associated with their use have necessitated the exploration of alternative
energy sources. Solar energy, being abundant, clean, renewable, and
freely available, presents a promising solution for energy generation,
particularly in regions like Irag. In the agricultural sector, utilizing solar
energy to power water pumps for irrigation offers a cost-effective
approach. However, the intermittent nature of solar energy necessitates
the integration of a hybrid PV-Grid system to ensure efficiency and
consistent operation. This literature review aims to explore the design and
control aspects of a solar photovoltaic water pumping system for
irrigation, with a specific focus on MPPT of solar energy and grid energy

control.

Rajan Kumar and Bhim Singh (2016) proposed a bidirectional power flow
control of a grid interactive solar photovoltaic (SPV) fed water pumping

system. A brushless DC (BLDC) motor phase current sensor, is used to
20
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run a water pump. This system and control enabled the consumer to
operate the water pump at its full capacity for 24-hours regardless of the
climatic condition and to feed a single-phase utility grid when the water

pumping is not required [4]

Wagas Hassan and Farrukh Kamran (2018) proposed a novel architecture
for an irrigation water pump, the system is simultaneously powered by
utility and PV panels. No battery backup is required. The system employs
maximum power point tracking. The pump controller receives a single
control input to produce desired water flow rate and concurrently
maximizing the utilization of PV resource. The proposed solution allows
the farmer to incrementally add solar panels to an existing grid powered
pumping system, thereby reducing the initial investment required for full
solar deployment. The investment in the partial deployment of solar panels

is paid back to the farmer in reduced electricity tariff. [5]

Rita H. Almeida and et al (2018) proposed a 140 kWp hybrid PV-diesel
system for the drip irrigation of 195 ha of olive trees in Alter do Chéo,
Portugal. The design paid particular attention to the problem of integrating
the PV novelty into the already existing diesel (a 250 k\VA generator),
pumps (two 45 kW), and pipe network facilities. Consequently, the system
design adheres to three main considerations: Preservation of the existing
facilities and irrigation scheduling; addition of a new pump and one
horizontal axis tracked 140 kWp PV generator; and implementation of
three different operation modes, “Only PV”, “Hybrid” PV-diesel, and
“Only Diesel”, which are automatically controlled in accordance with the
available PV power. [6]

Ludmil Stoyanov and et al proposed a sizing methodology for a hybrid

system with wind and PV generation and water tank storage, based on the
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consideration of the entire energy conversion chain with energy models
and a one-year operation simulation. The PV generator is modeled using
a reduced Durisch’s model, while for the wind generator a piecewise
interpolation is used. The methodology is applied for sites in Bulgaria with
specific agricultural crops and meteorological data. Combinations of PV
(different technologies) and wind (different types) generators and water

tank capacities are considered and discussed. [7]
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Chapter Two
Methodology and Material

2.1 Proposed System

The MPPT is responsible for drawing the most power possible from the
PV panel and feeding the shunt capacitor with it. When the PV power is
not sufficient the controller will make boost converter which is connected
to the AC/DC grid system to draw the required power to make pump
always work on its maximum power .

The control system always watches the shunt capacitor voltage, when the
voltage increase more than 24 volts that’s will mean there is available
power from PV system and when the voltage is less than 24volt that’s
mean there is shortage in PV power.

When PV power is available the controller will decrease the grid power
until the shunt capacitor reach to 24volt, when there is shortage in PV
power the controller will make system draw power from the grid until
shunt capacitor reach to 24 volts.

We use two current sensors of INA219. When using multiple devices of
the same module which are connected with the same 12C address, conflicts
will arise as the microcontroller will not be able to differentiate between
the devices. This can lead to data corruption, incorrect readings, or even a

complete failure of communication
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To avoid these conflicts, the 12C devices must have different addresses.
Some devices provide methods to change their address, such as through

dedicated pins or software commands.

In the case of the INA219 model, two pins can be soldered to achieve that.

The proposed system can make the water pump operate at its full

capacity for 24 hours regardless of the climatic condition.

DC Motor

yi Boost | MPPT i

e Controller ! Q9

g | erid
AC220
V50 HZ

12v Boost
Convertor

AC/DC

Centrifug
e pump

Fig.2-1 proposed system
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Table 2-1 System Parameter

Peak Power (Pmax) 20W
Inductor 0.1lmH
Voltage(Vmp) 17.8V
Current(Imp) 1.12A
Open circuit voltage(Voc) 21.6V
Short circuit current(Isc) 1.21A
2.2 Material

2.2.1-Arduino

Fig. [2.4] depicts the Arduino electronic development board, which
combines an open-source electrical circuit with a computer-programmed
microcontroller. It was developed to make it simpler to use interactive
electronics in multidisciplinary projects. The Arduino is primarily used in
the development of interactive electronic projects or efforts designed to
produce a variety of environmental sensors, including those for pressure,
temperature, wind, light, and other factors. The Arduino uses the free and
open-source programming language Processing, and it also describes the
programming codes. The Arduino may be linked to many different
computer applications. Arduino, which is similar to C++, is one of the
simplest programming languages to use for developing microcontroller

applications. In studies,
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Fig.2-4 Arduino Uno

2.2.2-voltage sensor 0-25V DC

Using the resistance points pressure approach, the module in Fig.
[2.5] is capable of reducing the input voltage by five times its initial
value. If this module is used with a device like Arduino, whose
maximum analog input voltage is 5 V, the input voltage should not
be higherthan 5V x 5 =25V (iif for 3.3 V system, the input voltage
should be not more than 3.3V x5=16.5V).

Because the Arduino AVR chip have 10 bit AD, so this module
simulation resolution is 0.00489 V (5 V + 1023), and the input
voltage of this module should be more than 0.00489 V x 5 =0.02445
V.

Fig. 2-5 voltage sensor
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2.2.3-MOSFET Driver

MOSFET Gate Driver is a specialized circuit that is used to drive the
gate (gate driver) of power MOSFETSs effectively and efficiently in
high-speed switching applications. The addition of high MOSFET
Gate drivers are the last step if the turn-on is to fully enhance the

conducting channel of the MOSFET technology

Fig. 2-6 MOSFET Driver

2.2.4-INA219 Accurate Bidirectional Current Digital Sensor
12C Module

a current sensor that is extremely accurate, with up to 8mA of resolution.
It is employed to measure currents in the -3.2A to +3.2A range. It is
capable of measuring current in both directions at up to 26V of voltage.
Through the 12C interface, it may be used with any microcontroller,
including Arduino and other microcontrollers. It runs at a voltage between
3 and 5 volts, which is ideal for performing precise measurements in tasks

involving monitoring and power usage in precision instruments.
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Fig.2-7 INA219 Accurate Bidirectional Current Digital Sensor
12C Module

2.2.5-The inductor

An inductor or electric coil is an electrical component consisting of
a coil of wire designed to take advantage of the relationship between
magnetism and electricity as a result of an electric current passing
through the coil. When an electric current flows through a wire
conductor, a magnetic flux is generated around this conductor. This
effect results in a relationship between the direction of magnetic flux,
which revolves around the conductor, and the direction of current
flowing through the same conductor. This results in a relationship
between the direction of electric current flow and the direction of
magnetic flux called "Right-hand grip rule". But there is also another
important property related to the electric coil as well, which is that
the secondary voltage is induced in the same coil by the movement
of the magnetic flux because it opposes or resists any changes in the
electric current flowing. The inductor which is used in the project
“Right-hand grip rule" is flux. The magnetic flux, which opposes or
resists any changes in the electric current flowing, has another

significant feature that is likewise connected to the electric coil: it
30
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induces the secondary voltage in the same coil. Using an inductor for

the project

Fig. 2-8 The inductor(1mH)

2.2.7-Solar Module

Solar cells use the photovoltaic effect to directly convert solar energy
into electrical energy. They are made of a silicon layer to which
various impurities have been introduced to give it some electrical
qualities. The bottom layer, known as P, has the ability to absorb
electrons thanks to the boron element. The energy provided by the
electrons relies on the solar radiation's strength when it hits the top
layer. The electrons travel from the top layer to the lower layer when
there is an electrical conductor between the two layers, creating an

electric current and voltage. Solar
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Fig. 2-9 solar Module (20w)

2.2.8-Capacitor

It is a part of an electric circuit, a device that temporarily stores
electric energy or electric charge in the form of an electric field made
up of two conducting plates with equal but oppositely polarized
electric charges on each. The electrical charge is subsequently
exhausted or eventually dissipated. An insulating material separates

the two plates.

Fig. 2-10Capacitor(470uf)

2.2.9-Schottky diode

An electrical component known as a Schottky diode is a particular
kind of PN (diode) junction in which a metal performs the function

of a "P-type semiconductor" in the junction. In a typical "P-type" p-
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n junction, a semiconductor is doped with an electron-poor substance
that contains positively charged pore holes. It leads to a “type N"
semiconductor where electrons are numerous and become negatively
charged. This semiconductor is dotted with atoms that are rich in
electrons. The "B-N junction™ is created by the diode's two
components, one of which is "type B" and the other is "type N."
Schottky Connector substitutes gear for Type B. Figure 2.11 depicts

a Schottky diode.

e

Fig. 2-11 Schottky diode

2.2.10-DC pump

A DC pump, with modern electrical components, a shaft made of wear-
resistant plastic, and a solid, long-lasting design, is the result. a long
service life, high efficiency, and efficient operation; Feature: High-quality
plastic was used for the shell, along with cutting-edge electrical parts and
a shaft that is wear-resistant. Long service life, high efficiency, and
efficient operation. It is low-noise, safe, and ecologically friendly, and it
can operate continuously for a very long period. used extensively in

mobile base stations
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Fig 2-12 DC Pump

2.2.11-Transformer
Converter from 220v to 12v An internal voltage regulator-equipped

12 volt source that may supply up to 10 amps of power or multiple
12 volt devices as long as the combined maximum output current
of all of them does not exceed 50 mA Voltage can be changed It
serves as a continuous voltage supply for alarm systems, security

cameras, and student engineering projects.

Fig 2-13 Transformer Converter from 220v to 12v
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2.2.12-Jumpe Wire

Fig 2-14 Jumper wire

2.2.13-Spacers

Fig 2-15 Spacers

2.2.14-Pin
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Fig 2-16 Pin

2.2.15-Soldering bord

Fig 2-17 Soldering board
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Chapter Three

Water Pump Driven by Brushless D.C Motor

3.1 Water Pump

Pumps are used to transfer and distribute liquids in various industries. They
convert mechanical energy into hydraulic energy, and electrical energy is

commonly used to power different types of pumps [8].

3.2 Components of a Water Pump

A water pump consists of several key components, including the pump casing and
impellers. Additionally, it is equipped with a prime mover, which can be an electric

motor, diesel engine, or air system.

3.3 Classification of Pumps

Pumps can be classified based on their specific applications and design
characteristics.
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Pumps
Dynamic pressure pumps Positive displace ment Pump
Y
: v }
* Centrifugal - -
e Propeller Reciprocating Rotary
® Turbine l
* Piston * Gear
* Diaphragm * Lobe
* Screw
* Vane
* Rotary
plunger

Figure 3-1 illustrates a classification diagram for pumps.

3.4 Centrifugal Pumps

Centrifugal pumps are known for their simple design. They comprise two main parts:
the impeller and the diffuser. The impeller, which is the only moving component, is
attached to a shaft and driven by a motor. Impellers are typically made of materials
such as bronze, polycarbonate, cast iron, stainless steel, and other suitable materials.
The diffuser, also known as a volute, houses the impeller and captures the water,

directing it away from the impeller.

Water enters the center (eye) of the impeller and exits with the help of centrifugal
force. As water leaves the impeller's eye, it creates a low-pressure area, causing more

water to flow into the eye. Refer to Figure 3-2.
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Impeller T outlet/Discharge

Impellervane !
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Eye :
Volutecasing ————— \\, ‘

Figure 3-2 for an illustration of a centrifugal pump.

Volutechamber

3.5 Hydraulic Power, Pump Shaft Power, and Electrical Input
Power

The power calculations associated with a water pump involve hydraulic power (Ph),
pump shaft power (PS), and electrical input power. The total head (hd) is the
difference between the discharge head (hd) and the suction head (hs). The hydraulic

power is calculated using the formula:
Ph = Q(m3/s) x Total head (m) x p(kg/m?) x g(m/s?)/ 1000,

where p represents the fluid density and g denotes the acceleration due to gravity.
The pump shaft power is determined by dividing the hydraulic power by the pump
efficiency (mpump). The electrical input power is given by PS x nMotor, where

nMotor represents the motor efficiency.

3.6 Electric Motor

Electric motors are machines that convert electrical energy into mechanical energy.

They can be classified into two main types: direct current (DC) motors and
39
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alternating current (AC) motors. Figure 3-3 provides an overview of the different
types of electric motors.[9]

| Permanent magneat |

‘ Separately excited | l

DC 1
l | Compound
| Self-excited | 1 I Series
L I Shunt
i |B shless D I
Electric i rushless DC
—
! lF’ﬁrmanﬁnt magnﬁ1| [
SPM
raluctance
Reluctance
[Ac

Asynchronous

| Wound rotor |
(induction motor) {

l Squirrel-cage rotor |

Figure 3-3 types of electric motors
3.7 Brushless D.C (BLDC) Motor

The brushless DC (BLDC) motor is a special type of machine that has gained
popularity due to advancements in power electronic engineering. The construction
of a BLDC motor closely resembles that of a conventional DC motor, but it operates
more efficiently by eliminating the brush-commutator assembly. Compared to
brushed DC or induction motors, the BLDC motor offers several advantages,
including higher efficiency and reliability, lower acoustic noise, compact and
lightweight design, improved dynamic response, favorable speed-torque
characteristics, extended speed range, and longer lifespan.

3.7.1 Construction of BLDC Motor

BLDC motors can be classified into three categories: single-phase, two-phase, and
three-phase. The single-phase and three-phase motors are the most commonly used.

Figure 3-4 presents a simplified cross-sectional view of a single-phase and a three-
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phase BLDC motor. The rotor contains permanent magnets arranged to form two

magnetic pole pairs and surrounds the stator, which houses the windings.

Stator

(a) Single-phase (b) Three-phase

Figure 3-4 Simplified BLDC motor diagram

3.7.2 Operational Motor Theory

Motor operation is based on the interaction between magnetic poles, which can
attract or repel each other. In a three-phase motor, the process begins when current
flows through one of the stator windings, generating a magnetic pole that attracts the
nearest permanent magnet of the opposite pole. The rotor moves as the current shifts
to an adjacent winding. By sequentially energizing each winding, the rotor follows
a rotating field. The torque produced depends on various factors, including the
current amplitude, the number of turns on the stator windings, the strength and size
of the permanent magnets, the air gap between the rotor and windings, and the length

of the rotating arm.[10]
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Figure 3.5 illustrates the rotation of a motor.

Magnet bar

3.8 Water pump specifications

The actual water pump used in this research is shown in fig 3.6 and its specifications

are as follows:

e Voltage: DC 6-24V

e Power: 22W

e Water flow: 450-1100L/H
o Water lift: 80-800cm

Fig 3.6 Water pump model used in this project
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Chapter Four

Results and Discussions

4.1 Results
Table 4-1 Results

No. | PV_Voltage | PV_Current | PV_Power | Bus_Voltage Grid Grid Grid Total
Voltage Current Power Power
1 20.49 0.49 8.37 23.02 11.07 1.77 17.39 25.76
2 191 0.49 10.32 23.17 11.15 1.49 14.94 25.26
3 18.54 0.6 111 22,71 11.18 1.44 14.19 25.29

4 18.21 0.56 10.31 23.29 11.16 1.42 13.69 24
5 18.49 0.62 10.55 22.95 11.2 1.43 14.38 24.93
6 19.07 0.48 9.29 23.22 11.16 1.48 15.22 24.51
7 18.59 0.65 12.13 22.97 11.2 1.37 13.58 25.71
8 18.2 0.62 10.38 23.34 11.18 1.44 14.33 24.71
9 18.61 0.65 12.1 22.88 11.29 1.4 13.95 26.05
10 19.07 0.58 10.16 23.24 11.19 1.51 15.37 25.53
11 18.58 0.68 12.54 22.97 11.15 1.37 13.91 26.45
12 18.21 0.61 11.21 23.32 11.06 1.47 15.11 26.32
13 18.58 0.68 11.55 22.83 11.09 1.42 14.21 25.76
14 2.01 0.01 0.01 22.17 10.92 2.43 23.66 23.67
15 1.33 0 0 22.27 10.89 2.56 24.79 24.79
16 1.32 0 0 22.14 10.9 2.59 25.54 25.54
17 1.53 0 0 22.27 10.91 2.58 25.05 25.05
18 1.34 0 0 22.34 10.89 2.54 24.74 24.74

PV_ Voltage = Voltage of PV Module

PV_ Current = Current of PV Module

PV_ Power = Output Power of PV Module

Grid Voltage = Output Voltage of Grid Rectifier
Grid Current = Output Current of Grid Rectifier
Grid Power = Output Power of Grid Rectifier
Bus_ Voltage = Voltage of the Shunt Capacitor
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Total Power = PV_ Power + Grid Power

Table 4.1 show that when there is no PV power the grid will supply the pump with
required power. When the sun rises the controller will run MPPT to withdraw the
maximum power from the PV module.
The scenario of the test is as follow
The PV panel is covered so PV power is zero and the grid
supplied the pump with the required power (almost 25 Watt)
When the cover is removed from PV panel, the controller tried
to extract the maximum available power from the PV panel
which is almost 11 watts. As the required power of the pump is
almost 25 watts so the grid will supply the remaining power
which is almost 14 watts (25-11=14).
Now the PV panel is covered again, so the PV power dropped to

zero and the grid supplied the pump with the required power.

4.2 Discussion

The results showed that when there is not sufficient PV power the system will absorb
the required power from the grid, and when the sun rise the system tried to extracted
the maximum power from PV panel. All the time the controller will try to supply the
pump with required power and the equation:

Pump Power - PV power = Grid Power

Is always worked for example from first row

25.76 -8.37 = 17.39
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Chapter Five

Conclusion and Recommendations for Future Work

5-1 Conclusion
It has been shown that the suggested system which uses a hybrid PV-grid system for

water pumping has worked in good way, where MPPT is utilized to get the most
power possible from PV panels and the controller system ensures that the power

taken from the grid is enough to make water the pump work at its maximum power.

5-2 Future Work
Iraq frequently experiences power shortages; so is better to set up a battery bank to

store the extra energy when the electrical power grid is dormant and the sun is
intense, the system draws electricity and store it in the battery bank. Also it is better
to use bi-directional grid converter so the system can feed excess power to the grid
when water pumping is not required which tends to increase the income for the

farmer.
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ABSTRACT

In this project a special stair climbing robot is proposed. In today’s world,
robots are used for almost all purposes. Now a days many day to day
problems are solved due to the implementation of robots. But when it
comes to senior citizens or physically disabled persons it is a tough task
to climb the steps. This research presents the structure, construction and
application of an Arduino controlled special stair climbing robot. The
advent of new high-speed technology and the growing computer Capacity
provided realistic opportunity for new robot controls and realization of
new methods of control theory. This technical improvement together with
the need for high performance robots created faster, more accurate and
more intelligent robots using new robots control devices, new drivers and
advanced control algorithms. This project describes a new economical
solution of robot control systems. The main objective of this present work
Is to build a robot machine which is capable of climbing stairs using
Arduino communicating with Bluetooth Module. The automatic
adjustment in the robot according to the height of the stair is done by
connecting an Android device that has an application programmed in
C++ with an Arduino. This design employs an Arduino Uno board to
control the robot and other home fabricated custom PCB to interface it
with the Arduino Board. The bot is powered by Li-lon batteries and gear
box motors. The presented robot control system can be used for different
sophisticated robotic applications
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1. INTRODUCTION

Today's robots are becoming an essential aspect of our modern lives.
After all, the number of robots used in many everyday applications has
significantly increased in the last decade, and the variation of tasks and
designs of these robots is high, making them suitable for many
applications. The number of robots worldwide has increased from 4.5
million in 2006 to 8.6 million in 2008. There are an enormous number of
stair-climbing robots, each with a unique design to accomplish certain
tasks. A good design of a stair climbing robot is obtained after studying
many other designs [1]. A number of robots have robots have been built
for climbing stairs and traversing obstacles, such as quadruped and
hexapod robots. These robots can climb stairs and traverse obstacles, but
they do not have a smooth motion on flat surfaces, which is due to the
motion of their legs. Most of them have six legs to maintain good static
stability, many have 8 legs for greater speed and higher load capacity and
there are some that implement clever balancing algorithms which allow
them to walk on two legs to move over sloping ground and to climb up
and down stairs, like humans do [2]. Military robots are autonomous
robots or remote-controlled devices designed for military applications.
Such systems are currently being researched by a number of militaries.
There are three types of moving mechanisms for this kind of robot in
general: wheel type, track type, and walking type mechanism. Robots
with wheel mechanisms are inferior to robots with tracks when they are to
move on rough terrain. Walking robots have complex structures so they
are usually difficult to control and slower in speed [3] [4].

The result of research and development robots which support and help
people with tasks in our daily lives comes out with solutions. Wheeled or
crawler-type climbers are useful for carrying heavy loads and people with
disability. These types of vehicles have much more capacity to payload
than legged-walking robots [5]. Several creative designs of stair-climbing
robots were studied and compared in this project. In that sense, the track
mechanism has advantages in high-speed driving and mobility under
severe conditions. In spite of these merits, it consumes more energy than
the others. Therefore it is needed to design a robot to overcome this
drawback [6], in near future, robots will take the place of human labor in
many areas[2].




1.2- RELATED WORK

There are many models of stair climbing that are automatic, but the main
problem with them is either they need human assistance or they are slow.
Another important aspect we need to consider is the cost, and need for
special care. There are many disadvantages in existing systems like
speed, cost, safety, etc.

In [7] presents the structure, construction, and application of an Arduino-
controlled special stair-climbing robot attached to a wheelchair. There is
a special triangular assembly of three wheels attached to the geared
heavy-duty DC motors. The proposed stair-climbing wheelchair bot can
be controlled by a smartphone. In [8] An RF remote-controlled stair-
climbing robot has been developed. The operator can monitor the robot's
operation by using video that is captured through a camera on the surface
of the robot. It has a mechanical design with a back wheel to drive the
robot over rubble, and large wheels in the front driven by a motor for
climbing stairs. In [5] designed a developed stair-climbing robot by using
two microcontroller parts to perform the multi-functions. It can run at the
bout speed of a manual wheelchair and also can climb standard size of
stairs. Wireless communication is used for data transfer between wireless
remote control and vehicle. The sensor detection system also uses for
safety in auto driving. The combination of two different mechanisms
makes it more efficient in carrying a load and reduces friction on the
ground or climbing. In [6] a stair-climbing robot exploiting star-wheel
methodology was proposed, which has the capability of ascending and
descending stairs and traversing obstacles and is flexible while climbing
and declining sloped surfaces. A robot is attached to Wheel-Chair for
carrying disabled persons over stairs and obstacles. If the robot moves on
flat surfaces and comes upon a stair or obstacle, the robot switches to
Star-Wheels motion. It allows the robot adapts itself with respect to the
path curvature. [9] Discussed the designing and manufacturing of a
vehicle that can climb stairs or move along very rough surfaces. The
technical issues in designing the vehicle are the stability and speed of the
vehicle while climbing stairs, as well as the steepness of the stairs. The
vehicle has four sets of wheels arrangement to support its weight when it
moves over the flat terrain. The test and trial run showed significant and
encouraging results that could help future researchers to incorporate a
gear box and steering mechanism to make the vehicle more versatile.




1.3 Research problems

There are several issues with the system that have become an essential
part of our research, including:

1. You adhere to a certain movement and a certain distance

2. Adhere to a specific category service

3. The size of the tools is heavy and it is difficult to move freely

4.Some of the project tools are not available in the country, some of them
were made by hand

5.Among the problems we faced, we used a 4 .5 mm D-Axis 280
planetary motor, but it did not perform the required performance, as it did
not give enough torque to move the robot. In addition, it was designed for
high speeds, and we do not need high speeds in the project. So it was
replaced by a zgy370dc12vreduction motor worm turbo geared motor.

1.4 The objective of this Project

The objective of this project is to design, build and analyze a simple
portable robot that can climb steep stairs. This type of robot has many
applications, such as space exploration, home security monitoring,
military drones, robotic vacuum cleaners, farmland surveyors, toys,
elderly wellness monitors, and wheelchairs.

We wanted to build a robot capable of climbing full-size stairs and
driving at a reasonable pace. This robot should also be able to carry a
load of an average adult to act as a way to ascend stairs for those reliant
on wheelchairs. Also, the lifting heavy loads over stairs is difficult due to
structural constraints. Stair climbing vehicles are used to lift loads over
short heights in libraries, hospitals, and construction areas.

We won't be the first to create this kind of robot, but ours will be one of
the rare builds capable of climbing full-sized stairs. One is a powered
robot like ours, capable of climbing stairs, the other is a passive trolley,
not powered but able to climb full sized stairs. This kind of robot is used
to help old and disabled people in rough places or to climb stairs, and it
can also be managed using a smartphone or computer.
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CHAPTER TWO
METHODOLOGY

2.1 Introduction

Robotics is an interdisciplinary field that uses machines to perform tasks
traditionally done by humans.. Robotics aims to design machines that can
help and assist humans, with applications in mechanical engineering,
electrical  engineering, information  engineering,  mechatronics,
electronics, bioengineering, computer engineering, control engineering,
software engineering, and mathematics [10].Navigation of a robot
without outside help is one of the most important aspects of developing a
fully functioning autonomous mobile robot. Navigation is a control
system that focuses on the process of monitoring and controlling the
movement of a vehicle from one place to another [11]. The science
community has developed mobile robots to move in uneven and irregular
terrains and control them remotely. To make them intelligent,
technologies have been developed and implemented. Technologies such
as localization, odometry, Global navigation units, Artificial intelligence
and mapping have improved mobility in rough terrain, but locomotion
concepts have not evolved much. Mobile robots are needed for use in
rough terrains, but most existing surface locomotion concepts are based
on wheels, caterpillars or legs [12]. Several application of robotics
include[10]:

1. Working alongside humans in manufacturing plants (known as co-
bots)

2. Surgical assistants

3. Autonomous household robots that carry out tasks like vacuuming
and mowing the grass

4. Helping during search-and-rescue missions after natural disasters

5. Detecting landmine in war zones

Assist fighting forest fires

o

There are different tools used in designing stair climbing robot such as
Arduino Uno microcontroller board (ATMEGA328P), Bluetooth module
(HC-05), Bluetooth module (HC-06), Bluetooth enabled Smart phone,
different wheels, DC motors, servo motor [13][14]. Stair climbing has
been carried out with robots using different types of locomotion. One can
roughly distinguish wheeled, legged, and tracked robots [15] [16].




2.2METHODOLOGY

This project focuses on rebuild and design of stair-climbing robot and
control system and a flow chart of project plan is shown in Figure 2.1. In
this article the design and manufacturing of a stair climbing vehicle has
been presented. The vehicle is designed in such a way that it can climb a
stepped path (like stairs) with its modified wheel structure. This is the
individuality of this wvehicle. Different speed combinations are
incorporated depending on the working condition through simple gear
arrangement, powered by the local motor drive. Speed reduction at any
desired rate, is possible to establish over the existing ratio. There are three
parts for design of new system.

Designing

System Architecture and Hardware Development

Software Development

Testing and result

Flow chart

Select Study Area

{1

Literature Review

U

Study Existing stair-climbing robots

g

Develop and Design of New stair climbing System

l

System Architecture and Hardware Development

g

Software Development

g

Testing and Simulation

Figure 2.1 Flowchart of the study plan




Table2.1 utilised tools

Ltem Quantity

ZGY370 DC12V Reduction Motor Worm Turbo | 4
Geared Motor

Items for robot's platform (e.g. Aluminum channels,
screws, etc.)and wires andS witch and board

Arduino Uno

Battery Lithium

Bluetooth Module (HC-06)

L298N Motor Driver Module

2ch 18650 Series Battery Holder with wires

45mm D-axis 280 planetary geared motor DC 6-12V 0.2A 60120rpm

AP INDNRFP R~

Wheels

2.3 Arduino software

The Arduino Leonardo deals with open source programming language
called Arduino IDE. The Arduino IDE is a cross-platform Java
application that serves as a code editor and compiler and is also capable
of transferring firmware serially to the board.

The development environment is based on Processing, an IDE designed
to introduce programming to artists unfamiliar with software
development. The programming language is derived from Wiring, a C-
like language that provides similar functionality for a more tightly
restricted board design, whose IDE is also based on Processing.

The ATmega32U4 on the Arduino Leonardo comes preboned with a boot
loader that allows user to upload new code to it without the use of an
external hardware programmer. It communicates using the AVR109
protocol. User can also bypass the boot loader and program the
microcontroller through the ICSP (In-Circuit Serial Programming) header
. The Arduino is burned with these programs to instruct the board to
generate the PWM signals and the pin corresponding to the PWM signals.
The ground in the Arduino is shorted with the ground in the power
distribution board to avoid noise that is introduced Fig2.2 [18].




fNNO hello | Arduino 0021

!['\x;\@@@

const int BAUD_RATE = 9688;

etup() {
begin(BAUD_RATE);

Figure (2.2) The Arduino IDE main interface [18].

2.4 Mobile Software

The mobile application is simple interface built to help to control the
robot. The application is built using java and XML languages. There are
four major button In the interface each of them control the functionality
of the movement of the robot by sending instruction telling it to move
forward backward

s éﬂ

Bluetooth RC
Controller

Fig2.3 The program used to program the Arduino
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CHAPTER THREE
FABRICATION AND ASSEMBLY
Fabrication of Parts

3.1 Introduction

The proposed robotic system consists of two separated parts: hardware
part and software part. The hardware part represents the designed robot,
which is a set of robot contents that includes car body and other devices
related to the control equipment, and signal transmission or receiving.
The software part is the control system, which is the controller that
consists of two modules operated sequentially, these modules are: User
module and Automatically module.

This chapter is concerned with the employed algorithms of the proposed
mobile robot system; these algorithms will be explained and discussed in
details for each stage in the hardware and software parts from the robotic
platform and Mobile interface to the vision perception system, including
the localization routines and the

obstacles avoidance.

3.2 Manufacture of parts

The manufacturing of the mechanical structure of the robot is mainly
composed of 3 parts: the wheels, the leg frame (axles) and the central
robot body (the hinge). In the design of the robot, the body of the robot
has been divided into two parts, the front and rear leg axes. The legs are
made of wood. Driftwood is an inexpensive and readily available
material. However, driftwood is relatively heavy..

The robot contain s four wooden legs with small plastic wheels, a rubber
contact surface in the peripheral area. The rubber tread greatly reduces
the robot's slip because it has a better grip on the stair surface. Most of
the weight is due to the wheel axle which must be strong to bear the
heavy load of the robot.

IR Lo B

L B34

Figure 3.1 Make the wheel template

Figure 3.1 shows one of the leg axes of the robot which was constructed
using a 1 cm thick chipboard. Workouts on it in order to lose weight.
The location of the exercises was obtained by optimizing the weight




using FEA Materials Optimization. Each hub weighs 1.2 Ibs. The central
hole is to connect the two axles through the central robot body which has
a joint that the axles can rotate and steer the wheels according to the
terrain conditions. The holes on the left and right connect the motor on
the inner side and the wheel on the outer side using a spline wrench.

The four motors are connected to motor drivers on the central electronic
board. These motors will be attached to the axles of the legs, and
eventually the entire robot frame will be assembled on all four wheels.
Motors weights 0.5 kg each. The weight of the hinge, including the
battery and other panels, is 5.4 kg.

Figure 3.2 The typical shape of a robot

3.3 Assemble the robot

The three parts i.e. robot skeleton, wheels and leg axles are assembled
using bolts and nuts. The central hinge is screwed along its length,
allowing the robot's wheelbase to be changed. This will be useful for
climbing stairs with variable heights.

The robot was experiencing slippage when the wheel legs had a wooden
base. It wasn't providing enough friction and the robot was sliding up the
ladder surface. Figure 3.3 demonstrates the installation of the robot. The
table gives the weight distribution of the different parts. The total weight
of the robot is 12.15 kg.

Figure 3.3 installation robot
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TABLE 3.1. Electronic Parts and its specifications

S. No. Part Weight (in grams) | Quantities
1. Robot Frame 150g 4

2. MotorDriverModule | 15g 2

3. Motor 3009 4

4. Wheel 159 48

5. Battery Lithium 10 4

6. Items for robot's 30g _

platform(e.g. Aluminum
channels, SCrews,
etc.Jand  wires and
Switch and board

7. Arduino 159 1

8. Overallc Robot 2.635kg
Weight (in kgs)

3.4 WParameters Influencing the System Performance

Design parameters are control factors of the system. It is required to find the
parameters that affect the system performance. The robot’s successful climbing is the
performance to study. Without getting overhung or jammed, the climbing of robots on
the staircase is a successful activity. The effective climbing capacity of the robot is
studied in this research work. Selecting suitable ranges for control factors is essential
to exclude the unfeasible solution space. Different control factors with their choices
are defined below:

Radius of Wheel (R): Wheels with a small radius make complications in the
geometrical traffic ability of the vehicle. If the radius of the wheel is smaller than the
size of overhangs then the average reaction force achieved from the overhang acts
vertically downwards. If wheel radius is larger than the overhang size, this shifts the
vertical downward normal force towards the robot’s axis of rotation. So, resultant
contact force produces an anti-clockwise moment about the robot’s axis of rotation.

3.5 Components Details :

3.5.1 Arduino Uno:

Arduino UNO is a low-cost, flexible, and easy-to-use programmable
open- source microcontroller board that can be integrated into a variety of
electronic projects. it's features AVR microcontroller Atmega328, 6
analogue input pins, and 14 digital 1/O pins out of which 6 are used as
PWM output and Arduino IDE software is used to program the board.
The operating voltage of the unit is 5V which projects the microcontroller
on the board while the recommended input voltage ranges from 7V to
12V. Arduino UNO shown in Figure 3.4.
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Figure 3.4. Arduino Uno

Table 3.2 Specification of Arduino Nano

Microcontroller

Atmel ATmegal68 or ATmega328

Operating Voltage('logic level)

5V

Input Voltage (recommended)

7-12V

Input Voltage (limit)

6-20V

Digital 1/O Pins

14(of which 6provide PWM output)

Analog Input Pins

8

DC Current per 1/0O Pin

40mA

Flash Memory

16 KB (ATmegal68) or 32 KB
(ATmega328) of which 2 KB used by
boot loader

SRAM 1 KB (ATmegal68) or 2 KB
(ATmega328)

EEPROM 512 bytes (ATmegal68) or 1 KB
(ATmega328)

Dimensions 0.737x1.70""

Clock Speed 16MHZ

Length 45mm

Width 18 mm

Weight 5¢
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3.5.2 Battery:

PANASONIC NCR21700 3.7V 5000mAh Rechargeable Lithium Battery
Flat. Safety Precautions for the Lithium lon Batteries use and Designing
Equipment.

In general, lithium ion batteries are used in battery-packs that contain
both lithium ion batteries and battery safety circuits. Both items are
sealed in a container made of a material such as resin so that the battery-
pack cannot be easily disassembled.

3.5.2.1 ChargingtheBatteries

The “constant voltage/constant current ,, method is used to charge lithium ion
batteries.

* NCR21700T
@ 5000mAh

e =
4l A N P
)=

Figure 3.5. Battery

3.5.3 Wire:

Wires are simply wires that have connector pins at each end, allowing
them to be used to connect two points to each other without soldering.
Jumper wires are typically used with breadboards and other prototyping
tools in order to make it easy to change a circuit as needed. Wires shown
In Figure 3.6

20 cm

o %

—
Male St

Figure 3.6 Wires

Male
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3.5.4 L298N Motor Driver Module

This L298N Motor Driver Module is a high power motor driver module
for driving DC and Stepper Motors. This module consists of an L298
motor driver IC and a 78MO05 5V regulator. L298N Module can control
up to 4 DC motors, or 2 DC motors with directional and speed control.
3.5.4.1Features & SpecificationsDriver Model: L298N 2A

Driver Chip: Double H Bridge L298N

Motor Supply Voltage (Maximum): 46V

Motor Supply Current (Maximum): 2A

Logic Voltage: 5V

Driver Voltage: 5-35V

Driver Current:2A

Logical Current:0-36mA

Maximum Power (W): 25W

Current Sense for each motor

Heatsink for better performance

Power-On LED indicator

Figure 3.7. L298N Motor Driver Module

3.5.5 Bluetooth Module (HC-05)

* For the communication between mobile phone and microcontroller
Bluetooth module(HC-05) is used.

» HC-05 is low power 1.8V operation and is easy to use with Bluetooth
SPP (serial port protocol).

* Serial port Bluetooth module have a Bluetooth 2.0+EDR (enhanced data
rate), 3Mbps modulation with complete 2.4GHZ radio transceiver and
baseband.

* Using Bluetooth profile and android platform architecture different type
of Bluetooth applications can be developed.
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HC-05 module is an easy to use Bluetooth SPP (Serial Port Protocol)
module,designed for transparent wireless serial connection setup.The HC-
05 Bluetooth Module can be used in a Master or Slave configuration,
making it a great solution for wireless communication.This serial port
bluetooth module is fully qualified Bluetooth V2.0+EDR (Enhanced Data
Rate)3Mbps Modulation with complete 2.4GHz radio transceiver and
baseband. It uses CSR Bluecore 04- External single chip Rluetooth
system with CMOS technology and with AFH (Adaptive Frequency
Hopping Feature).

Figure 3.8. Bluetooth Module (HC-05)

3.5.6 zgy370 dcl12v reduction motor worm turbo geared motor
A DC motor is any motor within a class of electrical machines whereby
direct current electrical power is converted into mechanical power. The
speed of a DC motor is controlled using a variable supply voltage or by
changing the strength of the current within its field wind rings. A 12v DC
motor is small and inexpensive, yet powerful enough to be used for many
applications. Because choosing the right DC motor for a specific
application can be challenging, it is important to work with the right
company. A prime example is METMotors, which has been creating
high-quality permanent magnet DC motors for more than 45 years.

R - =

M""t.& =

2] H E
"

21c”

(@) (b)
Figure3.9. (a)zgy370dcl12vreduction motor worm turbo geared motor
(b) Metal Motor Bracket L Shaped for ZGY 370 worm gear motor
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TABLE3.3. Motor Details

ZGY370,46/32 Technical Parameter

No load Load Torque Sell Reducer
Speed | Current | Speed | Current | Torque | Output | Torque | Current | Ratio
rpm ma rpm Ma Kg.cm |V Kg.cm | A 1:00

5 35 4 180 14.0 1.1 50 1 970

3.5.7 DC-DC Step down 5A Small Module XL4015
A step-down, or buck, converter is a DC/DC power converter that
reduces the input voltage and provides a lower output voltage. The
XL4015 power module is a DC to DC step-down (BUCK) power module
that operates at a switching frequency of 180kHz. In such high frequency,
it provides smaller sized filter components compared with low frequency
switching regulators.

Figure3.10. DC-DC Step down

Features and Specifications

Input voltage: 4 - 38V

e Output voltage: 1.25 - 36V (adjustable)
e Output current: Maximum output current 5A
e Note: The higher the voltage, the load current increases. Try to use

it within 4.5A.

3.5.8. Switch Control: As shown in the figure below

Figure3.11. D

XL4015

-DC Step down its parts

Figure3.12 Switch Control

16




3.6 General Research Flowchart
The diagram(3.13) below shows General Research Flowchart:

Bluetooth Activation

If char Rec. = False

Decision
& Design
Control

If char Rec. = True

Machine Control
Mode

Machine
Control
Decision

A=Forword,B=Reverse

Figure3.13.Proposed Application Flowchart
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3. 7 Analysis and Results

It was found that the vehicle was moving well over the stair. Separate
motor worked properly for moving over the steps and there was no
variation of speed over steps. It was observed that there was very low
noise and vibration over flat surface or stair.

The vehicle was disturbed when faced with different step sizes due to the
shape and size of the wheel frame. This project used a separate two gear
motor to move over the stair, which made the circuit design more
complicated and increased the weight of the vehicle.

This project mainly consists of Arduino Uno microcontroller board
(ATMEGA328P), Bluetooth module (HC-05), Bluetooth enabled Smart
phone, Wheel chair unit with Triangular arrangement, DC motors.

3.7.1JARDUINO UNO

Microcontroller will act as the brain of the robot. The robot movement
will be decided by the microcontroller. In this system we will be using
microcontroller named Arduino UNO which contains ATMEGA 328P
microcontroller chip. The microcontroller is programmed with the help of
the Embedded C programming. Arduino has it own programming burnt in
its Read Only Memory (ROM). C program is very easy to implement for
programming the Arduino UNO.

3.7.2 BLUETOOTH MODULE (HC-05)

HC-05 module is an easy to use Bluetooth SPP (Serial Port Pro- tocol)
module, designed for transparent wireless serial connection setup. This is
a highly qualified module with Bluetooth V2.0+EDR (Enhanced Data
Rate) 3Mbps Modulation with complete 2.4GHz.

3.7.3 Stair Climbing Test

As mentioned in the objective of the project, the aim of my work is to
develop a stair climbing robot which is capable of climbing the stairs of a
height at least equal to the outer radius of the legged wheel. The mobility
performance of the robot is confirmed through experiments.

We tested the robot for climbing a stair consisting of a number of stairs,
with different height and width. The time was recorded for these tests and
analysis was done to evaluate the performance of the robot. Fig. shows
the robot climbing a staircase of a step height of 11cm and a width of
30cm. As can be seen in the figure, the robot’s front wheel axle is slightly
rolled as compared to the rear axle. The legs grip the step which is at the
front and pushes the body forward to the next step.[3]
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Conclusions and Recommendations
After applying and operating the system, we present a number of
conclusions and recommendations as follows
4.1 CONCLUSION
In this project we have developed an adjustable stair climbing robot to
replace human effort to carry out mundane tasks in places like offices,
hospitals, industrial and military automation, security systems and
hazardous environments.
There is a lot of scope for improvement and this mechanism can be
further modified and used in various other applications such as carrying
heavy loads and thus further reducing human effort. Another scenario
where this mechanism can be employed is during disaster management. A
camera can be fitted on the robot to have a wide field of vie. This robot
can also be able to carry a load of an average adult to act as a way to
ascend stairs for those reliant on wheelchairs
The vehicle was an effective alternative to transporting loads using stairs,
but some limitations could not be avoided due to lack of technological
availability. This pioneer project was hoped to meet the demand.

4.2 Recommendations
There are some suggestions taken into account in developing an
implementation of the present work ,Which help to achieve a higher level
of
performance efficiency ,there are given in the following:
e The use of more sensors added to the robot sides well help to
increase the sense rate.
e The use of an accurate GPS device with the help of the sensor well
increase the overall system performance.
e improve the design of smart phone application to send smart
orders.
e Implementing this work in different vehicles such as wheel chair
different robots and normal size cars.
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According to the programming below

#define ENA_m15 /I Enable/speed motor Front Right
#define ENB_m1 6 // Enable/speed motor Back Right
#define ENA_m2 10 Il Enable/speed motor Front Left
#define ENB_m2 11  // Enable/speed motor Back Left
#define IN_11 2 //'L298N #1 in 1 motor Front Right
#define IN_12 3 /I L298N #1 in 2 motor Front Right
#define IN_13 4 /I L298N #1 in 3 motor Back Right
#define IN_14 7 /I'L298N #1 in 4 motor Back Right
#define IN_21 8 /I L298N #2 in 1 motor Front Left
#define IN_22 9 /I L298N #2 in 2 motor Front Left
#define IN_23 12 // L298N #2 in 3 motor Back Left
#define IN_24 13 // L298N #2 in 4 motor Back Left
int command; //Int to store app command state.

int speedCar = 100; //50 - 255.

int speed_Coeff = 4;

boolean lightFront = false;

boolean lightBack = false;

boolean horn = false;

void setup() {

pinMode(ENA_m1, OUTPUT);
pinMode(ENB_m1, OUTPUT);
pinMode(ENA_m2, OUTPUT);
pinMode(ENB_m2, OUTPUT);
pinMode(IN_11, OUTPUT);
pinMode(IN_12, OUTPUT);
pinMode(IN_13, OUTPUT);
pinMode(IN_14, OUTPUT);
pinMode(IN_21, OUTPUT);
pinMode(IN_22, OUTPUT);
pinMode(IN_23, OUTPUT);
pinMode(IN_24, OUTPUT);
Serial.begin(9600);

void goAhead(){
digitalWrite(IN_11, LOW);
digitalWrite(IN_12, HIGH);
analogWrite(ENA_m1, speedCar);

digitalWrite(IN_13, HIGH);
digitalWrite(IN_14, LOW);
analogWrite(ENB_m1, speedCar);

digitalWrite(IN_21, HIGH);
digitalWrite(IN_22, LOW);
analogWrite(ENA_m2, speedCar);

digitalWrite(IN_23, LOW);
digitalWrite(IN_24, HIGH);
analogWrite(ENB_m2, speedCar);

void goBack(){

digitalWrite(IN_11, HIGH);
digitalWrite(IN_12, LOW);
analogWrite(ENA_m1, speedCar);

digitalWrite(IN_13, LOW);
digitalWrite(IN_14, HIGH);
analogWrite(ENB_m1, speedCar);

digitalWrite(IN_21, LOW);
digitalWrite(IN_22, HIGH);
analogWrite(ENA_m2, speedCar);

digitalWrite(IN_23, HIGH);




digitalWrite(IN_24, LOW);
analogWrite(ENB_m2, speedCar);

void goRight(){

digitalWrite(IN_11, LOW);
digitalWrite(IN_12, HIGH);
analogWrite(ENA_m1, speedCar);

digitalWrite(IN_13, HIGH);
digitalWrite(IN_14, LOW);
analogWrite(ENB_m1, speedCar);

digitalWrite(IN_21, LOW);
digitalWrite(IN_22, HIGH);
analogWrite(ENA_m2, speedCar);

digitalWrite(IN_23, HIGH);
digitalWrite(IN_24, LOW);
analogWrite(ENB_m2, speedCar);

3
void goLeft(){
digitalWrite(IN_11, HIGH);
digitalWrite(IN_12, LOW);
analogWrite(ENA_m1, speedCar);
digitalWrite(IN_13, LOW);
digitalWrite(IN_14, HIGH);
analogWrite(ENB_m1, speedCar);
digitalWrite(IN_21, HIGH);
digitalWrite(IN_22, LOW);
analogWrite(ENA_m2, speedCar);

digitalWrite(IN_23, LOW);
digitalWrite(IN_24, HIGH);
analogWrite(ENB_m2, speedCar);

}
void goAheadRight(){
digitalWrite(IN_11, HIGH);
digitalWrite(IN_12, LOW);
analogWrite(ENA_m1, speedCar/speed_Coeff);
digitalWrite(IN_13, LOW);
digitalWrite(IN_14, HIGH);
analogWrite(ENB_m1, speedCar/speed_Coeff);
digitalWrite(IN_21, LOW);
digitalWrite(IN_22, HIGH);
analogWrite(ENA_m2, speedCar);

digitalWrite(IN_23, HIGH);
digitalWrite(IN_24, LOW);
analogWrite(ENB_m2, speedCar);

}
void goAheadLeft(){

digitalWrite(IN_11, HIGH);
digitalWrite(IN_12, LOW);
analogWrite(ENA_m1, speedCar);
digitalWrite(IN_13, LOW);
digitalWrite(IN_14, HIGH);
analogWrite(ENB_m1, speedCar);
digitalWrite(IN_21, LOW);
digitalWrite(IN_22, HIGH);
analogWrite(ENA_m2, speedCar/speed_Coeff);
digitalWrite(IN_23, HIGH);
digitalWrite(IN_24, LOW);
analogWrite(ENB_m2, speedCar/speed_Coeff);

}
void goBackRight(){

digitalWrite(IN_11, LOW);




digitalWrite(IN_12, HIGH);
analogWrite(ENA_m1, speedCar/speed_Coeff);

digitalWrite(IN_13, HIGH);
digitalWrite(IN_14, LOW);
analogWrite(ENB_m1, speedCar/speed_Coeff);

digitalWrite(IN_21, HIGH);
digitalWrite(IN_22, LOW);
analogWrite(ENA_m2, speedCar);

digitalWrite(IN_23, LOW);
digitalWrite(IN_24, HIGH);
analogWrite(ENB_m2, speedCar);

}
void goBackLeft(){

digitalWrite(IN_11, LOW);
digitalWrite(IN_12, HIGH);
analogWrite(ENA_m1, speedCar);
digitalwWrite(IN_13, HIGH);
digitalWrite(IN_14, LOW);
analogWrite(ENB_m1, speedCar);
digitalWrite(IN_21, HIGH);
digitalWrite(IN_22, LOW);
analogWrite(ENA_m2, speedCar/speed_Coeff);
digitalWrite(IN_23, LOW);
digitalWrite(IN_24, HIGH);
analogWrite(ENB_m2, speedCar/speed_Coeff);

}

void stopRobot(){
digitalWrite(IN_11, LOW);
digitalWrite(IN_12, LOW);
analogWrite(ENA_m1, speedCar);

digitalWrite(IN_13, LOW);
digitalWrite(IN_14, LOW);
analogWrite(ENB_m1, speedCar);
digitalWrite(IN_21, LOW);
digitalWrite(IN_22, LOW);
analogWrite(ENA_m2, speedCar);
digitalWrite(IN_23, LOW);
digitalWrite(IN_24, LOW);
analogWrite(ENB_m2, speedCar);
}

void loop(){

if (Serial.available() > 0) {
command = Serial.read();
stopRobot();  //Initialize with motors stopped.
switch (command) {

case 'F':goAhead();break;

case 'B':goBack();break;
case 'L":goLeft();break;

case 'R":.goRight();break;

case 'l':goAheadRight();break;
case 'G':goAheadLeft();break;
case 'J":goBackRight();break;
case 'H':goBackLeft();break;
case '0":speedCar = 100;break;
case '1:speedCar = 115;break;
case '2":speedCar = 130;break;
case '3":speedCar = 145;break;
case '4":speedCar = 160;break;
case '5":speedCar = 175;break;
case '6":speedCar = 190;break;
case '7":speedCar = 205;break;
case '8":speedCar = 220;break;
case '9":speedCar = 235;break;
case 'q":speedCar = 255;break;

}
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Abstract

This project aims to develop a smart home with advanced control devices,
focusing on reducing electricity wastage. The goal is to create an energy-efficient
house, addressing a crucial issue for humanity in our modern age, where traditional
energy sources pose a threat. In terms of appearance and construction materials,
these houses are indistinguishable from traditional homes. However, the key
distinction lies in the stronger and larger infrastructure required for smart homes
compared to regular ones. The objective is to provide intelligent assistance to
individuals who face challenges such as disabilities or old age, enabling them to live
as independently as possible and combat isolation. By empowering them to manage
their lives and enhancing home care, these smart homes promote active participation

rather than dependence on assistance, thereby ensuring their safety and well-being.
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1.1 Introduction

Smart home technology has gained immense popularity in recent years due to
its ability to make daily life more convenient and efficient. A smart home is a
residence equipped with devices, appliances, and systems that can be controlled
remotely or through automated programming to perform tasks that were previously
done manually. These devices can include everything from smart thermostats and

lighting to security cameras and voice assistants[1].

This project will analyze the different types of devices used in smart homes, the
underlying technologies that make them work, and the implications of using such
technology on privacy and security. Additionally, this project will examine the
potential for smart home technology to be used in addressing environmental
concerns, such as reducing energy consumption and carbon footprint. Moreover,
smart home technology does not simply turn devices on and off, it can monitor the
internal environment and the activities that are being undertaken whilst the house is
occupied. The result of these modifications to the technology is that a smart home
can now monitor the activities of the occupant of a home, independently operate
devices in set predefined patterns or independently, as the user requires [1]. It can
both share resources and communicate within the home, and we can exchange
information with your home external network through your home smart gateway. Its
main objective is to provide people with an efficient, comfortable, safe, convenient
and environment-friendly living environment integrating system, service and
management. Smart home is the use of computer technology, control technology,
image display technology and communications technology will be connected
through the network of various facilities together to
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meet the automation requirements of the entire system to provide more convenient
control and management [2]. meter, electric energy meter and gas meter, which
provide more convenient conditions for the high-quality service [3]. Home
automation systems face four main challenges, these are high cost of ownership,
inflexibility, poor manageability, and difficulty achieving security [4 6]. In research
paper [7], the researcher designs a home automation system uses Wi-Fi technology.
System consists of three main components; web server, which presents system core
that controls, and monitors users’ home and hardware interface module (Arduino
PCB (readymade), Wi-Fi shield PCB, 3 input alarmsPCB, and 3 output actuators
PCB.), which provides appropriate interface to sensors and actuator of home
automation system. The System is better from the scalability and flexibility point of
view than the commercially available home automation systems. The User may use
the same technology to login to the server web based application. If server is
connected to the internet, so remote users can access server web based application
through the internet using compatible web browser. In research paper [8], the
researcher discussed designing a web service and android app Based home
automation system. The application has been developed based on the android
system. Aninterface card has been developed to assure communication between the
remote user, server, raspberry pi card and the home Appliances. The application has
been installed on an android Smartphone, a web server, and a raspberry pi card to
control the shutter of windows. Androida pplication on a smart phone issue
command to raspberry pi card. An interface card has beenrealized to update signals
between the actuator sensors and the raspberry pi card.In research paper [9], the
researcher implement and design a smart home system using Arduino
microcontroller to receive user commands to execute through an Ethernet shield.
The system network used together both wireless ZigBee and wired X10

technologies. The mobile device can be either wired to the central controller through

2
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USB cable or communicates with it wirelessly, within the scope of the home.
Arduino contains the web server application that communicates through the HTTP
(Hyper Text Transfer Protocol) with Web-based Android application. The system is
highly flexible and scalable and expandable. In research paper [10], the researcher
discussed a home system automation where the home network monitors the
appliances and sensors and transmits data to the cloud-based data server which
manages the information and provides services for users by transmitting data and
receiving user commands from mobile application. The proposed system has good
modularity and configurability characteristics with very low power consumption in

cost efficient way. And Finally, the research paper [11]

1.2 Problem Statement

Home automation systems face four main challenges, these are high cost of
ownership, inflexibility, poor manageability, and difficulty achieving security. The
proposed system has a great flexibility by using Wi-Fi technology to interconnect its
distributed modules to home automation server. System will make use of secure
wireless LAN connections between distributed hardware modules and server, and
secure communication protocols between users and server. The hardware interface
module controls its alarms and actuators. System can be accessed from the web
browser of any local PC or any smart phone mobile device in the same LAN using

server IP.
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1.3 Aims and Objectives

The aim of the project is to develop a working prototype of a web based home
automation System which is reliable, affordable to home owners, schools, hotels,
lodges and individuals such as the elderly and the disabled. The purposed system is
capable of controlling and automating most of the house appliance through an easy
manageable web interface to run and maintain the home automation system. Also
we exchange the security cameras with laser system to achieve security. One of the
most important objective of this project is that you can access the system through
the web page and it's support all smart devices type (Android, iPhone or any PC).

Specific objectives are to design a system that will be able to:
1. Model the home layout on the user web interface.

2. Provides a unique service

3. Rationalization of energy consumption

4. A friend of the environment
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2.1 Security and home automation based on Raspberry

With advancement of Automation technology, life is getting simpler and easier in
all aspects. In today’s world Automatic systems are being preferred over manual
system. With the rapid increase in the number of users of internet over the past
decade has made Internet a part and parcel of life, and 10T is the latest and emerging
internet technology. Internet of things is a growing network of everyday object-from
industrial machine to consumer goods that can share information and complete tasks
while you are busy with other activities. Wireless Home Automation
system(WHAS) using loT is a system that uses computers or mobile devices to
control basic home functions and features automatically through internet from
anywhere around the world, an automated home is sometimes called a smart home.
It is meant to save the electric power and human energy. The home automation
system differs from other system by allowing the user to operate the system from
anywhere around the world through internet connection. In this project we present a
Home Automation system (HAS) using Raspberry Pi 3, Arduino Uno and Node
MCU wireless communication, to provide the user with remote control of various
lights, fans, and appliances within their home and Security application. The system
will automatically change on the basis of sensors’. This system is designed to be low
cost and expandable allowing a variety of devices to be controlled. Key Words:
Home automation System (HAS), Internet of Things (1oT), Cloud networking, Wi-
Fi network. There’s a four application of security gas leak and smoke using MQ2,
detecting fire using flame sensor, detecting carbon monoxide using MQ9, detecting
light using LDR and surveillance camera using webcam with Raspberry Pi 3 live
streaming on the cloud. | faced to many problems, | bought too many components, |
would like to use LCD and to let the webcam sends emails when detect motion, but
not enough time left [11].
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2.2 A review of Internet of Things for smart home: Challenges and
solutions

Although Internet of Things (loT) brings significant advantages over traditional
communication technologies for smart grid and smart home applications, these
implementations are still very rare. Relying on a comprehensive literature review,
this paper aims to contribute towards narrowing the gap between the existing state-
of-the-art smart home applications and the prospect of their integration into an IoT
enabled environment. We propose a holistic framework which incorporates different
components from 10T architectures/frameworks proposed in the literature, in order
to efficiently integrate smart home objects in a cloud-centric 0T based solution. We
identify a smart home management model for the proposed framework and the main
tasks that should be performed at each level. We additionally discuss practical design
challenges with emphasis on data processing, as well as smart home communication
protocols and their interoperability. We believe that the holistic framework
ascertained in this paper can be used as a solid base for the future developers of

Internet of Things based smart home solutions [12].

2.3 Applications, Systems and Methods in Smart Home Technology

Smart Home technology started for more than a decade to introduce the concept of
networking devices and equipment in the house. According to the Smart Homes
Association the best definition of smart home technology is: the integration of
technology and services through home networking for a better quality of living.
Many tools that are used in computer systems can also be integrated in Smart Home
Systems. In this paper, we present the Technologies and tools that can be integrated

or applied in Smart Home systems [13].
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2.4 Principles of Smart Home Control

Seeking to be sensitive to users, smart home researchers have focused on the concept
of control. They attempt to allow users to gain control over their lives by framing
the problem as one of end-user programming. But families are not users as we
typically conceive them, and a large body of ethnographic research shows how their
activities and routines do not map well to programming tasks. Enduser programming
ultimately provides control of devices. But families want more control of their lives.
In this paper, we explore this disconnect. Using grounded contextual fieldwork with
dual-income families, we describe the control that families want, and suggest seven
design principles that will help end-user programming systems deliver that control
[14].

2.5 A Smart Home in a Box

The physical layer contains hardware including sensors and actuators. The
architecture utilizes a ZigBee wireless mesh which communicates directly with
hardware components. A publish/subscribe manager governs the middleware layer.
The manager provides named broadcast channels that allow component bridges to
publish and receive messages. The middleware provides valuable services, such as
adding time stamps to events, assigning universally unique identifiers (UUIDs), and
maintaining site-wide sensor state. Every component of the CASAS architecture
communicates via a customized Extensible Messaging and Presence Protocol
(XMPP) bridge to this manager. Examples include the ZigBee bridge; the Scribe
bridge, which archives messages in permanent storage; and bridges for each

applicationlayer software component [15].
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2.6 Title: Learning to live in a smart home Building Research &
Information

Smart homes promise to significantly enhance domestic comfort, convenience,
security and leisure whilst simultaneously reducing energy use through optimized
home energy management. Their ability to achieve these multiple aims rests
fundamentally on how they are used by householders, yet very little is currently
known about this topic. The few studies that have explored the use of smart homes
have tended to focus on special-interest groups and be quite short-term. This paper
reports on new in-depth qualitative data that explore the domestication of a range of
smart home technologies in 10 households participating in a nine-month field trial.
Four core themes emerge: (1) smart home technologies are both technically and
socially disruptive; (2) smart homes require forms of adaptation and familiarization
from householders that can limit their use; (3) learning to use smart home
technologies is a demanding and time-consuming task for which there is currently
very little support available; and (4) there is little evidence that smart home
technologies will generate substantial energy savings and, indeed, there is a risk that
they may generate forms of energy intensification. The paper concludes by
discussing the implications of these findings for policy, design and further research
[16].

2.7 Smart Home System

Smart home technology is emerging rapidly as an exciting new paradigm. A wide

range of aspects that includes security, energy saving, ventilation, smart kitchen is

covered in this paper. All of the above is executed with the help of smart devices

such as remote control, security alarms, sensors etc. In this paper we present the

above mentioned technologies and tools that can be integrated in smart home
9
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systems which can provide security energy saving and other such smart systems.
Keywords— Smart home technology, Security alarm, Sensors, Remote Control,

Energy Management, Smart Network [17].

2.8 The role of prediction algorithms in the MavHome smart home
architecture

The goal of the MavHome project is to create a home that acts as a rational agent.
The agent seeks to maximize inhabitant comfort and minimize operation cost. To
achieve these goals, the agent must be able to predict the mobility patterns and device
usages of the inhabitants. We introduce the MavHome project and its underlying
architecture. The role of prediction algorithms within the architecture is discussed,
and three prediction algorithms that are central to home operations are presented.
We demonstrate the effectiveness of these algorithms on synthetic and/or actual

smart home data [18].

2.9 Securing loT for smart home system

This paper presents an approach to incorporate strong security in deploying Internet
of Things (1oT) for smart home system, together with due consideration given to
user convenience in operating the system. The 10T smart home system runs on
conventional wifi network implemented based on the AllJoyn framework, using an
asymmetric Elliptic Curve Cryptography to perform the authentications during
system operation. A wifi gateway is used as the center node of the system to perform
the system initial configuration. It is then responsible for authenticating the

communication between the IoT devices as well as providing a mean for the

10
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A smart home is an application of ubiquitous computing in which the home
environment is monitored by ambient intelligence to provide context-aware services
and facilitate remote home control. This paper presents an overview of previous
smart home research as well as the associated technologies. A brief discussion on
the building blocks of smart homes and their interrelationships is presented. It
describes collective information about sensors, multimedia devices, communication
protocols, and systems, which are widely used in smart home implementation.
Special algorithms from different fields and their significance are explained
according to their scope of use in smart homes. This paper also presents a concrete
guideline for future researchers to follow in developing a practical and sustainable

smart home [19].

2.10 State of the art of smart homes Engineering Applications of
Artificial Intelligence

In this paper we present a review of the state of the art of smart homes. We will first
look at the research work related to smart homes from various view points; first in
the view point of specific techniques such as smart homes that utilize computer
vision based techniques, smart homes that utilize audio-based techniques and then
smart homes that utilize multimodal techniques. Then we look at it from the view
point of specific applications of smart homes such as eldercare and childcare
applications, energy efficiency applications and finally in the research directions of
multimedia retrieval for ubiquitous environments. We will summarize the smart
homes based research into these two categories. In the survey we found out that some
well-known smart home applications like video based security applications has seen
the maturity in terms of new research directions while some topics like smart homes

for energy efficiency and video summarization are gaining momentum [20].
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2.11 Smart home technologies for health and social care support

The integration of smart home technology to support health and social care is
acquiring an increasing global significance. Provision is framed within the context
of arapidly changing population profile, which is impacting on the number of people
requiring health and social care, workforce availability and the funding of healthcare

systems [21].

2.12 Smart Homes Current features and future perspectives

In an ageing world, maintaining good health and independence for as long as
possible is essential. Instead of hospitalization or institutionalization, the elderly and
disabled can be assisted in their own environment 24 h a day with numerous ‘smart’
devices. The concept of the smart home is a promising and cost-effective way of
improving home care for the elderly and the disabled in a non-obtrusive way,
allowing greater independence, maintaining good health and preventing social
isolation. Smart homes are equipped with sensors, actuators, and/or biomedical
monitors. The devices operate in a network connected to a remote center for data
collection and processing. The remote center diagnoses the ongoing situation and
Initiates assistance procedures as required. The technology can be extended to
wearable and in vivo to monitor people 24 h a day both inside and outside the house.
This review describes a selection of projects in developed countries on smart homes
examining the various technologies available. Advantages and disadvantages, as
well as the impact on modern society, are discussed. Finally, future perspectives on
smart homes as part of a home-based health care network are presented [22].

12
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2.13 Smart home technologies in Europe

Smart home technologies refer to devices that provide some degree of digitally
connected, automated, or enhanced services to building occupants. Smart homes
have become central in recent technology and policy discussions about energy
efficiency, climate change, and the sustainability of buildings. Nevertheless, do they
truly promote sustainability goals? In addition, what sorts of benefits, risks, and
policies do they entail? Based on an extensive original dataset involving expert
interviews, site visits to retailers, and a comprehensive review of the literature, this
study critically examines the promise and peril of smart home technologies. Drawing
on original data collected in the United Kingdom, which has access to European
markets, the study first examines definitions of smart homes before offering a new
classification involving 13 categories of smart technology covering 267 specific
options commercially available from 113 companies. It situates these different
technology classes alongside six degrees or levels of smartness, from the basic or
traditional home to the fully automated and sentient home. It then elaborates on the
13 distinct benefits smart homes may offer alongside potential 17 risks and barriers,
before introducing seven policy recommendations from the material. It lastly
suggests three areas of future research on the demographics and behavior of actual
smart home adopters, rethinking the duality of “control,” and looking beyond

“homes” towards socio-technical systems, practices, and justice [23].

2.14 Healthcare in the Smart Home

Ubiquitous or Pervasive Computing is an increasingly used term throughout the
technology industry and is beginning to enter the consumer electronics space in its

most recent form under the umbrella term: “Internet of Things”. One area of focus
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IS in augmenting the home with intelligent, networked sensors and computers to
create a Smart Home which opens a host of possibilities for the role of tomorrow’s
dwelling. As the world’s population continues to live longer and consequently
experience more medicalrelated ailments, at the same time institutional healthcare is
struggling to cope, the role of the Smart Home becomes paramount to monitoring a
dweller’s health and providing any necessary intervention. This study looks at the
history of Smart Home Healthcare, current research areas, and potential areas of
future investigation. Unique categorizations are presented in Activities of Daily
Living (ADL) and Personal Sensors, and a thorough look at the application of Smart
Home Healthcare is presented. Technology can augment traditional methods of
healthcare delivery and in some cases completely replace it. Costs can be reduced
and medical adherence can be increased, all of which contribute to a more
sustainable and effective model of care. Keywords: healthcare; smart home; sensors;
loT; ADL; automation; augmented reality; implantable medical devices; wearables;

telemonitoring [24].

2.15 ASMART HOME SYSTEM BASED ON SENSOR
TECHNOLOGY

This paper presents a new approach to utilize technology in a practical and
meaningful manner within a smart home system that can be widely deployed into
residential settings. In the modern world, people are rapidly turning to technology
as a fast and cost-effective way of improving quality of daily living. This primary
goal is to address the needs of the end user by employing networked low-power
sensors sensitive to the environment, so it can be altered to their liking. The proposed
system consists of following steps: direct environment sensing, collecting and
analyzing data and then allowing user to customize the settings and initiate specific
commands. This research will present the design and implementation of a practical

14



Chapter Two Literature Review

and simple smart home system, which can be further extended. The system is based
on: group of sensors, Raspberry Pi device as a server system and Bluetooth as a
communication protocol. These devices can be easily controlled via user-friendly
interface for Android phones. The main advantage of the proposed system is that it
Is a sensible, secure and easily configurable system that provides end users with a

neat home automation solution [25].

2.16 Smart Home Intelligence

A smart home (sometimes referred to as a smart house or eHome) is one that has
highly advanced automatic systems. A smart home appears "intelligent™ because its
computer systems can monitor many aspects of daily life. Our research, presented in
this paper, is based on a universal implementation model for the smart home. The
“Home Intelligence” (HI) module of the smart home, offers important addedvalue
to the intelligent behavior of the smart-home environment. The HI creates an
integrated environment in which the Artificial Intelligence (Al) mechanism can infer
and suitably react according to changing conditions and events. By identifying
abnormal or unexpected events and, when necessary alerting the home’s occupants,
the Al module can provide an immediate automatic response if desired. Because of
the complexity of the systems, their diverse areas of control and supervision, the
variety of information technologies and learning mechanisms, and the reasoning
capabilities used in updating the information system, developers, suppliers and users
must cooperate. Cooperation will be expressed by agreeing to anonymously transfer
information from the client to the developer through the suppliers. The transferred
information will include characteristics of abnormal events, which have actually
occurred in reality (true life scenarios), and the responses of the smart home. This
information is then analyzed and used for Al learning and to improve the system’s
reasoning mechanisms. Collecting information from a large number of clients will
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allow for faster learning and updating of the home intelligence system. A simulation
system was developed in order to illustrate the HI module. The simulation illustrates
the learning and the reasoning processes as well as demonstrates the smart home’s

responses to abnormal events [26].

2.17 A smart home as digital ecosystem

Smart homes have become increasingly popular in the past few years. Similarly, new
buildings are nowadays planned and built following sustainability guidelines.
Energy efficient residential homes have gained importance for two reasons. They
contribute to the protection of our environment and they simultaneously reduce
operational costs over the whole building lifecycle. However, the full potential of
smart homes still lies fallow due to the high complexity of the underlying automation
systems as well as the physical processes that are to be controlled. This is the
motivation to review smart homes under a digital ecosystem perspective. With
respect to this viewpoint, this paper proposes a system concept that applies artificial
intelligence in smart homes. Main goals are to minimize energy consumption while
at the same time guaranteeing user comfort. Therefore, intelligent control strategies
are developed that take a multitude of parameters into consideration and operate
automatically. For this purpose, an agent part populated by a society of autonomous
agents that implement artificial intelligence is developed. It is supported by an
ontology based knowledge representation that contains all relevant data in a

structured way [27].
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2.18 Improving Smart Home Security

This paper explains various security issues in the existing home automation systems
and proposes the use of logic-based security algorithms to improve home security.
This paper classifies natural access points to a home as primary and secondary access
points depending on their use. Logic-based sensing is implemented by identifying
normal user behavior at these access points and requesting user verification when
necessary. User position is also considered when various access points changed
states. Moreover, the algorithm also verifies the legitimacy of a fire alarm by
measuring the change in temperature, humidity, and carbon monoxide levels, thus
defending against manipulative attackers. The experiment conducted in this paper
used a combination of sensors, microcontrollers, Raspberry Pi and ZigBee
communication to identify user behavior at various access points and implement the
logical sensing algorithm. In the experiment, the proposed logical sensing algorithm
was successfully implemented for a month in a studio apartment. During the course
of the experiment, the algorithm was able to detect all the state changes of the
primary and secondary access points and also successfully verified user identity 55

times generating 14 warnings and 5 alarms [28].

2.19 Practical trigger-action programming in the smart home

We investigate the practicality of letting average users customize smart-home
devices using trigger-action ("if, then") programming. We find trigger-action
programming can express most desired behaviors submitted by participants in an
online study. We identify a class of triggers requiring machine learning that has
received little attention. We evaluate the uniqueness of the 67,169 trigger-action

programs shared on IFTTT.com, finding that real users have written a large [29].
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3.1 The most important components of a smart home

You may think for a moment that the smart home project differs from the
traditional home in only simple things, but in fact the difference between them is
great, as the smart home works entirely through artificial intelligence technologies,
and it also includes many additional tools and features that distinguish it from the

traditional home.
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Figure 1 Workflow
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3.2 ESP32
The ESP32 is a popular microcontroller and system-on-a-chip (SoC) designed for

embedded systems and 0T (Internet of Things) applications. It is developed by
Espressif Systems and is a successor to the ESP8266 chip. The ESP32 provides a
wide range of features and capabilities, making it suitable for a variety of projects
[36].

3.2.1 Key features of the ESP32

1. Dual-core processor. The ESP32 has two CPU cores, which allows for

simultaneous execution of multiple tasks and enhances performance.

2. Wi-Fi and Bluetooth connectivity: The ESP32 includes built-in Wi-Fi and
Bluetooth capabilities, enabling it to connect to wireless networks and communicate

with other devices.

3. Low-power consumption: The chip is designed to operate efficiently in low-power
applications, making it suitable for battery-powered devices and energy-conscious

projects.

4. GPIO pins: The ESP32 offers a large number of General Purpose Input/ Output

(GPIO) pins, allowing it to interface with various external components and sensors.

5. Integrated peripherals: It features a wide range of integrated peripherals such as
SPI, 12C, UART, ADC, DAC, PWM, and more, which facilitate communication

with external devices.

6. Memory and storage: The ESP32 typically comes with a generous amount of flash
memory for program storage and RAM for data storage, enabling the execution of

complex applications.
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7. Development ecosystem: The ESP32 has gained significant popularity due to its
extensive development ecosystem. It is supported by various programming
frameworks, including the Arduino IDE, ESP-IDF (Espressif 10T Development

Framework), and Micro Python, making it accessible to a wide range of developers.

8. Rich set of libraries: The ESP32 has a robust set of libraries and software tools

available, simplifying the development process and enabling quick prototyping.

The ESP32's versatility and feature set make it well-suited for a wide range of
applications, including home automation, smart devices, industrial automation,

robotics, wireless sensor networks, and more [36].

Figure 2 ESP32 [40]
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3.3 Arduino UNO

The Arduino Uno is a popular microcontroller board that is widely used in the maker
and electronics communities. It is based on the Atmega328P microcontroller and is
part of the Arduino family of development boards. The Uno is known for its
simplicity, ease of use, and wide availability of resources and community support
[37].

3.3.1 Key features of the Arduino Uno

1. Microcontroller: The Uno is built around the Atmega328P microcontroller, which
operates at 16 MHz and has 32KB of flash memory for program storage, 2KB of
SRAM for data storage, and 1KB of EEPROM for non-volatile data storage.

2. Digital and Analog 1/0O: The Uno provides 14 digital input/output pins, among
which 6 can be used for pulse-width modulation (PWM) output. It also has 6 analog

input pins.

3. Programming: The Arduino Uno can be programmed using the Arduino
programming language, which is a simplified version of C++. The Arduino IDE
(Integrated Development Environment) is commonly used to write, compile, and

upload code to the board.

4. USB Interface: The Uno has a built-in USB interface, allowing it to connect to a
computer for programming and communication. It appears as a virtual COM port,

making it easy to upload sketches (programs) to the board.

5. Power Options: The board can be powered using a USB cable, an external DC
power supply, or by connecting it to a computer via USB. It also has a built-in
voltage regulator that can provide 5V or 3.3V power to external components.
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6. Shields: The Uno is compatible with a wide range of Arduino shields, which are
add-on boards that provide additional functionality. Shields are available for various
purposes, such as Ethernet connectivity, wireless communication (Wi-Fi,

Bluetooth), motor control, and more.

7. Community and Resources: The Arduino Uno has a large and active community
of users, with plenty of documentation, tutorials, and example projects available.

This makes it easy to find help and inspiration for your own projects.

The Arduino Uno is commonly used for prototyping, educational purposes, and
small-scale projects. It offers a beginner-friendly entry point into the world of
microcontrollers and can be a great starting point for learning electronics and

programming [31].
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Figure 3 Arduino UNO [40]

3.4 Smart Locks
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A smart fingerprint lock is a must-have at home as one of the most popular entrances
for smart homes, smart fingerprint locks have been widely used. From smart phones
to access control systems in some large areas, smart fingerprint locks can often be
seen. Of course, the most reflected in modern family life. The fingerprint door lock
uses human fingerprints to determine identity security and authentication. With
high-tech digital image processing, biometrics, and DSP algorithms, it has become

a new generation of access control systems that meet modern security [32].

Figure 4 Finger Print [40]

Keypad

Keypad locks, also known as keypad door locks or combination locks, are electronic

locking systems that use a keypad to enter a numeric code or a combination of
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characters to unlock a door. These locks provide a convenient and keyless entry

method for homes, offices, and other secure areas.
Here are some key features and characteristics of keypad locks:

1. Keypad: Keypad locks have a physical or touch-sensitive keypad interface where
users enter a pre-defined code or combination to gain access. The keypad may have

numeric buttons, alphanumeric buttons, or even touchscreen functionality.

2. Security: Keypad locks offer a higher level of security compared to traditional key
locks as they eliminate the need for physical keys, which can be lost, stolen, or
duplicated. The lock's security primarily relies on the strength of the code or

combination used, so it's important to choose a unique and secure one.

3. Multiple user codes: Many keypad locks allow the programming of multiple user
codes, enabling different individuals to have their own unique codes for access. This

feature is particularly useful in environments with multiple authorized users.

4. Audible feedback: Keypad locks often provide audible feedback such as beeps or
tones to indicate successful or unsuccessful code entry. This feedback can help users

know if their code was accepted or if they need to try again.

5. Battery-powered: Most keypad locks are battery-powered, typically using
standard alkaline batteries. This eliminates the need for wiring and allows for easy
installation. Some locks also offer low-battery indicators to alert users when the

batteries need to be replaced.

6. Additional features: Depending on the model, keypad locks may offer additional
features such as built-in alarms, remote control capabilities, temporary access codes

for guests, and integration with smart home systems.
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It's worth noting that keypad locks, like any electronic security system, may have
vulnerabilities and can be susceptible to hacking or code guessing. It's essential to
choose a reputable and well-reviewed keypad lock and follow best practices for code
selection and security. Keypad locks can be a convenient and secure option for
controlling access to doors, providing a keyless and customizable entry method.
They are commonly used in residential homes, commercial buildings, hotels, offices,

and other locations where secure access control is needed [33].
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Figure 5 Keypad [40]
3.5 Servo motor

A servo motor is a type of motor commonly used in robotics and automation
applications. It is designed to provide precise control of angular position, velocity,
and acceleration. Arduino is a popular microcontroller platform that can be used to
control servo motors [33].
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The basic construction of a servo motor includes a small DC motor, a gear system,
and a feedback control mechanism. The motor is connected to a control circuit that
receives signals from an external source, such as an Arduino board. The control
circuit interprets these signals and adjusts the motor's position based on the desired
input [34].

Servo motors are known for their ability to rotate to a specific angle and hold that
position accurately. This is achieved through a closed-loop control system. The
motor's position is continuously monitored by a potentiometer or an optical encoder,
providing feedback to the control circuit. If the motor deviates from the desired
position, the control circuit adjusts the motor's speed and direction to correct the

error and maintain the desired position [34].

Figure 6 Servo motor [40]

3.6 Smart Luminaires

The smart home has phone or clapping luminaires, as well as systems that
automatically turn the lights on and off as soon as you enter and leave the room,
which is a great feature to indicate that someone is in the house.
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3.7 Light Dependent Resistor LDR

It means light-dependent resistance, as its name suggests. It is a light-sensitive
resistance whose value depends on the light falling on it. The value of the resistance
decreases with the increase in the intensity of the light, and its value increases with

the decrease in it. That is, it is inversely proportional to the intensity of the light.

The working principle of the photoresist Photo resistance works according to the
principle of photoconductivity. When light falls on a conductive material, it absorbs
light energy and excites the electrons in the last orbit (valence band) of the
conductive material. Then the free electrons work on conduction and thus the
conductivity increases according to the increase in the intensity of the light. And the
energy of the incident light must be greater than the energy of the (band gap) so that

the electrons in the valence band are excited and conducting [36].

Figure 7 LDR [40]

3.7.1 Advantages of photo resistance

1. has a high sensitivity.
2. Simple to install and small in size.
3. ease of use.

28



Chapter Three Methodology

4. cheap and inexpensive.
5. The percentage of (light-dark) resistance is high.
6. Connecting them is simple

3.7.2 photoresist defects

1. The temperature stability is low for the best materials.

2. Stabilized substances respond very slowly.

3. Their use is limited in cases where the light intensity changes rapidly.
4. Their response to change in light is not fast.

5. Is affected by the change in the surrounding temperature.

3.8 Precision sensors

The smart home provides you with many multi-tasking sensors to protect you from
any unwanted interference, thus maintaining your safety in the event of any danger,
as the smart home includes sensors that make thieves feel afraid to enter or even
approach it, such as calling the police or sounding sirens, in addition to the presence

of sensors that alert you in the event of a fire or gas leak [36].

3.9 motion sensor PIR

What is a motion sensor used for? A motion sensor, or motion detector, is an
electronic device that uses a sensor to detect nearby people or objects. Motion
sensors are an important component of any security system. When a sensor detects

motion, it will send an alert to your security system, and with newer systems, right
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to your mobile phone an active ultrasonic motion detector emits ultrasonic sound
waves that reflect off objects and bounce back to the original emission point. When
a moving object disrupts the waves, the sensor triggers and completes the desired
action, whether this is switching on a light or sounding an alarm PIR stand for
“Passive Infrared”. Basically, the PIR motion sensor measures infrared light from
objects in its field of view. So, it can detect motion based on changes in infrared
light in the environment. It is ideal to detect if a human has moved in or out of the

sensor range [36].

Figure 8 motion sensor PIR [40]

3.10Temperature and Humidity Sensor Module- DHT11
DHTXX sensors are among the most popular multi-use components in Arduino as

they are an inexpensive way to measure temperature and humidity. These sensors
contain a chip that converts analog values to digital, and gives a digital signal
corresponding to temperature and humidity at its output, and these signals are easy
to read by any MCU [37].

3.11 Advantages

1. high accuracy
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capacitive type

full range temperature compensation

Relative humidity and temperature measurement
Calibrated digital signal

Outstanding long-term stability
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long transmission distance
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Figure 9 Temperature and Humidity Sensor Module- DHT11 [40]

3.12 Gas sensor

It is a sensor that detects gas leakage in the place. The gas sensor can detect
flammable gases such as butane, propane, methane and hydrogen. When the gas
concentration in the atmosphere increases, the voltage value increases accordingly,
and when the gas concentration decreases or is not there, the voltage value in the
sensor decreases Connecting the gas sensor with the Arduino; So you can detect gas
leaks in homes, factories or offices at a fraction of the cost. After connecting the gas
sensor with the Arduino, you can add a crystal screen that displays the amount of
gas in the place and a sound source as an alarm siren so that individuals are notified
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of any leakage and the building is evacuated immediately before falling into the
danger of fire, God forbid [37].

Figure 10 Gas sensor [40]

How does the gas sensor work? When the source dioxide (semiconductor molecules)
In air is heated at a high temperature, absorption of oxygen at the surface. In clean
air, the donor electrons in the source dioxide are attracted towards the oxygen that is
adsorbed on the surface of the sensing material. This prevents the flow of electric
current. In the presence of reducing gases, the surface density of the absorbed oxygen
decreases during its reaction with the reducing gases. The electrons are then released

into the sorce dioxide, allowing current to flow freely through the sensor [37].

3.13 fire sensor

Flame sensors are utilized in a number of hazardous environments, such as hydrogen
stations, industrial heating and drying systems, industrial gas turbines, domestic
heating systems and gas-powered cooking devices. Their primary purpose is to
minimise the risks associated with combustion [38].

Smoke alarms detect fires by sensing small particles in the air using two different

types of technologies. Once they detect those particles above a certain threshold,
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they sound an alarm A flame sensor detects the presence of fire or flames. In
extremely hazardous environments, flame sensors work to minimise the risks
associated with fire. There are several different types of flame sensor - some will
raise an alarm while others may activate a fire suppression system or deactivate a
combustible fuel line. Among the many different types of flame sensor, ultraviolet
flame sensors, near IR array flame sensors, infrared flame sensors and IR3 flame

detection sensors are the most prominent [38].

In a hazardous environment, such as a petrochemical processing plant, failing to

detect gas leaks, fires or explosions could prove disastrous. However, more needs

Figure 11 fire sensor [40]
to be done to help distinguish dangerous gas leaks or flames from annoying false
alarms. In this article [38].
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3.14 Water level sensor

Which is the best sensor for water level? Ultrasonic. Ultrasonic level sensors are
ideal for a wide range of applications including water, wastewater, bulk solids and

high viscocity liquids. Ultrasonic controllers are ideal for pump and level control

Figure 12 Water level sensor [40]

applications How do | monitor my water tank level? We personally recommend

hydrostatic water level sensors for water tank monitoring. They're reliable, low-cost,
and easy to install. Hydrostatic water sensors work very well for monitoring water
tank levels How does a tank level sensor work? The Submersible level sensor works
by measuring the hydrostatic pressure emitted by a liquid in the tank. Since
hydrostatic pressure is a measure of two variables, one being the density of the fluid
and the other being the height of the fluid [38].
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3.15 Soil Sensor

Sensor description: The “Soil moisture detector sensor is used to sense moisture in
the soil, and it is considered one of the easy-to-use sensors, and it is an analog sensor,
and its work is based on two copper rods, the contact ratio between which increases
with the increase of water in the soil, and it is considered suitable for monitoring the
moisture content in Soil for plants and control the amount of water for irrigation
How does the sensor work? The sensor output voltage changes according to the
change in soil moisture, when: The soil is wet: the output voltage drops The soil is

dry, the output voltage rises [39].

Figure 13 Soil Sensor [40]
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3.16 Project final form

The Figurel4 represents the prototype model of this project. In web application we
can easily control the appliances and get the sensors data simultaneously. This
project work is done on NodeMCU platform which communicate with the sensors
by serial communication

14 pictur of smart home
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Software

The only software we used in our project to program the microcontroller,

ESP32 and designthe web page is Arduino IDE.The Arduino Integrated
Development Environment - or Arduino Software (IDE) - contains acontent
manager for composing code, a message region, a content comfort, a toolbar
withbuttons for normal capacities and a progression of menus. It associates with
the Arduino andGenuine equipment to transfer programs and speak with them.
Projects composed utilizing Arduino Software (IDE) is called outlines. These
representations are written in the word

processor and are spared with the record augmentation. The editorial manager has
highlights for cutting/gluing and for looking/supplanting content. The message
territory gives criticism while sparing and sending out and furthermore shows
mistakes. The comfort shows content

yield by the Arduino Software (IDE), including total mistake messages and other
data. The base right-hand corner of the window shows the designed board and
sequential port. The toolbar catches enable you to confirm and transfer programs,
make, open, and spare portrays, and openthe sequential screen . Implementation
and code programming System has a central controller acting as central processing
unit which is connected with the web server and sensors. Central processing unit
(CPU) represented by the ESP32 NodeMCU;

here controller is also connected with the electrical home appliances through
electrical relays and some other different loads like motors and sensors. Central
controller follows different algorithms to collect information, compare and make
decisions, show results and control appliances. To create a web server ESP32

module has been used which has a storage for data and Wi-Fi module in a single
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chip. the ESP32 module takes the name of the Wi-Fi network

and the password of that network as input from the user and then establishes its
own Wi-Fi network. According to the load list a web page is written and designed
and already stored in the memory of the ESP32 module. Once the user is connected
to a network, the ESP32 is ready to show the states of lightings and different
results and also take command from the client to control the lighting through the
web page. To execute our desired applications, we used algorithms and codes as
follows
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Chapter Four Results

4.1 Results

Turn the System On

To turn the system on, the user has to connect it with AC and DC power supply. As
soon as you press the switch, the system will work and the LCD screen will show
phrase "Smart Wi-Fi Home Networks Engineering" as shown in after few seconds
the phrases will disappear from the LCD screen

1- Remote Access: the smart home system allows users to remotely access the home
from any device that is connected to the internet. This enables you to control the

devices in your home from anywhere, at any time.

2- Device Status: the smart home system is able to provide real-time status updates
for all devices connected to it. This means that you can easily see whether a

device is on or off, and whether it is functioning properly.

3- Device Control: You can toggle the status of any device connected to your smart
home system, turning it on or off as needed. This allows you to conserve energy

by turning off devices that are not in use.

4- Energy Rationalization: the smart home system is designed to conserve energy
by monitoring and adjusting the power usage of devices. This helps to reduce

energy waste and lower utility bills.

5- Environmentally Friendly: the smart home system is designed with

environmental considerations in mind such as outside temperature, features that
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promote sustainable living, such as energy-efficient lighting and water-saving

devices.

Security and Protection: the smart home system includes security features that
protect your home and your family. This could include smart locks and motion

sensors that detect and alert you to potential intruders.

High Safety Scores: the smart home system has been designed and tested to
ensure that it meets high safety standards. This means that you can trust that it
will function reliably and safely, and that it will protect your home and your

family from potential hazards.

people identifications: the smart home system utilizes fingerprint sensor for
specific individuals such as family members, these fingerprints included in
system database and can be updated to add or remove persons. The system also

sends a message to the owner about who

Access The System

When turn the system on, the Wi-Fi network (named Smart_Home) will appear

directly in the Wi-Fi networks list . To access the system, the user has to connect the

Wi-Fi network and add the password which is 123456789 and also can be changed

by the user
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User Interface Access

To access the website, the user has to open any web browser and enter the
authenticate IP address of the web server to reach the web site. When he/she hit
enter, the website page will load for the first time without any sensors readings and

no lights opened
Display Sensors Readings

After few seconds of loading the website, the readings will start appears in the
website. The readings will be changed very fast if any physical changing happened
in the home environment because the server updates the reading values shown in the

website every two seconds
Controlling The Lighting

Every light or led has a button on the website to open and close it. In this section
we will show the state of buttons in the website and LEDs when closing or opening.

shows the state of every button in the website when they are closing and opening
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5.1 Conclusion

The project aims to develop a web-based home automation system that is
reliable, affordable, and easy to manage for homeowners, schools, hotels and
individuals such as the elderly and the disabled. The system will be capable of
controlling and automating most of the house appliances through an easy-to-use web
interface, which can be accessed from any device connected to the network. The
project will also focus on security and energy efficiency by using secure wireless

LAN connections between distributed hardware modules and the server.

The project identified smart locks, smart luminaires, precision sensors, and energy
management systems as the most important components of a smart home. These
components enhance security, comfort, and energy efficiency. The project also
highlighted the advantages and disadvantages of using light-dependent resistors as

part of a smart home lighting system.

Overall, the project recognizes the growing popularity of smart home technology
and its potential to improve daily life. However, the project also acknowledges the
privacy and security implications of using such technology and emphasizes the need

for secure communication protocols and systems to protect user data.

5.2 Future Work Recommendation

As the innovation for savvy homes keeps on advancing, the scope of capacities is
just going to grow. And because we are a part of this world, we are thinking of
developing our project more and adding more features and appliances to be control
and monitor. For example, we arethinking of adding a police call system and
linking it with the laser system to call the police when the system detects an
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unauthorized individual in the home. Also we are thinking of light intensity
controlling system according to the state of the time to save the unnecessary
wasting of energy. We can also connect the air conditions to the temperature and
humidity sensor to open it when the temperature reaches a certain threshold value.
Also we could add an alarm to the gas and smoke detecting system to enhance
safety inside the house.
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Abstract

Solar photovoltaic (PV) technology is a widely accepted technology for power
generation worldwide. However, it is scientifically proven that its power output
decreases with an increase in the temperature of the PV module. Such an
Important issue is controlled by adopting a number of cooling mechanisms for the
PV module.High operating temperature and dust buildup on the front side of the
solar panelsEspecially in arid and semi-arid desert areas is a major issue leading
to lower performance and Photovoltaic cell damage. This pilot investigation aims
to improve solar panels Where electrical performance is integrated into a single
system that combines both active systems Synchronous self-cleaning and cooling
technology Also, a water spray based cooling system has been developed for
photovoltaic panels A system was used to define the start time of cooling the PV

panels as the temperature of the panels up to 39 max temperature allowed
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Chapter One
Introduction

1.1 Introduction
Renewable energies are the best option for developing the energy reality and

covering energy requirements in a sustainable way on the earth. Fortunately,
humans have become more aware of protecting the environment and searching for
energy sources that cause less pollution, are free, inexhaustible, and do not threaten
the environment. The term "renewable"” refers to the energy sources that can be
regenerated continuously. [1].Renewable energy such as the sun or wind is readily
available everywhere in the world, traditional energy sources need to be replaced
by “green” or environmentally friendly sources if we need to make significant
changes in total gases emission. Using renewable energy technology, you may
convert renewable energy into more useable types of energy such as electric
energy, heat energy, chemical energy, or mechanical energy. Because they emit
little or no emissions, these technologies are frequently referred to as “clean™ or
"green.".The sun is the main source of renewable energies directly and indirectly,
as solar energy is transmitted by solar radiation for heating or lighthouses, cooking
food, heating water, and generating electricity. The sun is necessary for growing
plants and trees that are called biomass. Bioenergy is a term referring to a biomass
process that is also utilized to create electricity, fuel automobiles, and produce a

yield chemical. Solar energy is ideal for generating electricity [2].

1.2 Solar Energy
The sun is the most important source of energy in the world and life depends on

the energy of the sun. The term “solar energy” describes each method that uses




solar sources to produce energy. There are two main types of renewable energy
sources (RES), the most important of which are solar energy, both directly (thermal
and photovoltaic (PV), which are obtained as a result of solar radiation's direct
conversion into heat and electricity) and indirectly (wind, hydroelectric, tide
energy, biomass energy, ocean's energy, geothermal, bioenergy, etc.). All these

sources deriving energy from the sun are shown in Figure (1.1) [3].

e —
Biomass energy
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.
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» Geothermal energy

Figure 1.1 Solar sources (direct, indirect) [3].

Recently, the world is looking for non-conventional sources of energy to reduce
dependence on traditional sources of energy, including fossil fuels and gas. These

non-traditional sources represent a lesser risk to the environment and are not
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depleted, available, and constantly renewed. Solar energy is gaining attention and
has taken precedence over other sources because solar is the most abundant in the
world, can meet human energy needs, and can be converted into other types of
energy such as electrical energy, mechanical energy, and thermal energy. The sun
is light and heat, and it is the beginning of all the biological and chemical processes
on the ground, and is the most suitable energy form for the environment as it can
be used in multiple ways, and is suitable for all systems [3]. Lately, the research
about solar energy has witnessed fast expansion in the applications including in the
arab countries. A large number of techniques are being developed to improve
efficiency and reduce the cost of harnessing solar energy. There is no suspicion
that Iraqg is one of the countries that enjoys a suitable moderate weather with high
temperatures and has a great opportunity and ability to maximize the production of
solar energy with high efficiency. Additionally, it is capable of receiving solar
radiation for an estimated 4000 hours per year at convenient locations for solar
energy.The energy of Sunlight received in Irag on a daily basis ranges from an
annualaverage of 4.5 — 5.4 kWh/m2 [4]. Figure 1.2 Daily-averaged solar exposure
radiation for different locations in Irag [5]. When talking about solar energy, there
are two ways to exploit solar energy, the first is the photovoltaic system that
converts the light from solar radiation to electricity, and the second is solar water
heating systems. Solar thermal systems concentrate solar energy into a compact
space and produce high temperatures, which are used in high-temperature
applications such as steam production for power generation, industrial process

heat, and other uses [6].




Figure (1.2) shows the daily exposure to sunlight in Iraq that nearly all of the

country has the potential for large-scale solar installations.

1.3 Solar Photovoltaic Technology
Solar cells generate electricity directly by converting the energy in sunlight

(photons) into electricity (voltage) through the photovoltaic effect. Scientists call
them photovoltaic (PV) cells “photo means light and voltaic means electricity”. PV
got its name from this process as shown in Figures (1.3).In 1954 the PV effect was
discovered, scientists of bell telephone discovered that silicon (extracted from pure
sand) when exposed to sunlight created an electriccharge that cause a movement in

the electrons that lead to generating an electric current [7].
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Figure 1.3 The principle of the solar cell [8].

Solar cells are categorized into three generations, the first generation cells or
traditional PV cells are made from silicon which are usually the most efficient and
made flat-plate, the materials include monocrystalline silicon and polysilicon.
Amorphous silicon, Cadmium Telluride (CdTe), and Copper Indium Gallium
Selenide (CIGS) cells are second-generation cells. They are made of non-silicon
materials or amorphous silicon, and they are called thinfilm solar cells. This type
of cell has significant commercial importance in small standalone power systems
as well as utility-scale photovoltaic power. Lastly, third type of solar cell
generation includes a thin film technologies and is described as the photovoltaic
cells emerging and still in the research phase with no applications yet. Many use
organic materials, often organometallic compounds as well as inorganic substances
and it is Manufactured from a type of new materials with silicon, like solar inks

that are used in printing press technology, solar dyes, and conductive polymers.
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Plastic lenses or mirrors are being used in some new types of solar cells to direct
sunlight onto a narrow band of very efficient solar cells but has low efficiency and
their absorber material was short, but there is extensive research about this
technology to develop it [9]. The solar cell is composed mostly of various layers
and connecting points, with the layers beginning with a non-reflective and
semiconductor layer at the bottom (negative and positive). When photons hit the
surfaces of the semiconductor materials shown in figure (1-5), they cause the
ionization of their atoms (which are electrically charged), which leads to the release
of outer electrons from atomic bonds and the formation of new atomic bonds. As
a result, some positively charged crystalline atoms are still there, and the charge
can freely flow from one atom to another. When the electrons inside of the solar
cell have acquired enough electric charge, they begin moving as a result of their
acquisition of the charge. They combine to generate an electric field (difference
voltage at the ends of the cell). As a result of releasing electrons from a silicon
crystal "or any type of material utilized in the solar cell work," current flows
through the solar cell, resulting in the generation of an electric current [10].

Solar cells are connected to make a PV module, and the modules are connected
to make a PV array. There are two different ways depending on current or voltage
requirement, firstly to increase the output current will be made a parallel
connection between the solar arrays., and secondly to increase the output voltage

the array will be connected in series [10].

12



Sunlight

n-type Material

p-n Junction

p-type Material

oal

Solar Panel
Photons

T Electron
Flow
!
I+ +)
Hole
¢ Flow

Figure 1.5 Solar photovoltaic effect cell [10].

During the last few decades Photovoltaic (PV) applications gaineserious interest;
it considered as a promising re- newable energy solution for intense energy supply
prob- lems all over the world. PV modules can participate consider- ably in a
central part of the increasing energy demand [1]. Till now, this technology usageis
limited in Irag due to many op- erational parameters related to the country

topographic and environmental conditions. On the other hand, Iraq suffers from
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a high rate of population increments, rapid economic development of urban areas
and acute shortage in electricity [11].Crowter [12] in his study suggested that, The
flow of cooling water membrane over the surface of the cell reduces the
temperature Largely as a result their efficiency can be enhanced through about
10%. In other studies, EInozahy et al. [13] was evaluated empirically Shapingself-
cooling and cleaning PV unit in hot arid regions.c- According to its results, the
energy efficiency of PV with self-cooling andThe cleaning system was 11.7%
compared to the PV system without refrigerant And the cleaning system is 9%.
Abdelzadeh and Amiri [14] examined The effect of spray cooling on the front of
the solar panelswas found to be 48%. Enhance the strength of the system at a

temperature It decreased from 58°C to 37°C. Baloch et al

1.4 Objective

This pilot investigation aims to improve solar panels Electrical performance is
fitted into the new PV/T Bi-fluid hybrid system that combines both active systems
Simultaneous cooling and self-cleaning technology, while its front side is cooled
and The flowing water cleans them. The experimental results showed a linear
decrease Relationship between electrical efficiency[6] and PV module temperature
increase Up to 15 °C was an average The average overall energy efficiency was
found to be 85.3%, while the average energy efficiency It was approximately
14.7%.

1.5 Advantages

1. An ideal source of energy because it is free and unlimited
2. A clean resource that has been used and replaced in place of fossil fuels

3. Cheap and inexpensive energy
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4, Highly efficient energy compared to fossil fuels such as coal, oil and gas[7]

1.5 Disadvantage

Solar isn’t perfect — here are some disadvantages of solar energy to keep in

mind whenconsidering installing solar panele[8]

Solar doesn’t work for every roof type
Solar isn’t ideal if you’re about to move
Low electricity costs = low savings
Upfront costs can be high

Solar panels don’t work at night

Solar panels sometimes contain toxic metals

N o gk~ Wb

Finding the right installer can be a challenging process
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Chapter Two

Methodology

1.1 Introduction

Today the main concern for the World is renewable energy without the use of
fuel derivatives. By and by, out of around 7 billion populaces, just 65-69% approach
power. Essentially our goal is to serve populations to generate energy that is more
environmentally friendly due to climate changes on the ground and looking at what
to expect within restricted assets, we used assets to meet this assumption as Figure
(2-1)

Figure2.1: Different renewable energy sources with user-friendly graphics

Utilizing sun-based energy in relationship with the power gadgets, we can supply
the power to the buyers inside their capacity and we will want to limit the power
issue as could really be expected. Presently a-days, the coordinated circuits (IC) are
entirely solid and modest, this is what was presented to the point that makeconveying
and reversing or changing over components most straightforward and simple than
utilizing the massive and expensive instruments utilized in the traditional power
supply framework. Solar energy is a rapidly growing resource, already providing

4.5% of electricity in the World and projected to supply up to 35%
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by 2050.[15] In this research, we will present a simplified application model for
renewable energy generation using solar energy through the use of an integrated
power generation system using solar photovoltaic energy to generate electricity.
Energy can be harnessed directly from the sun, even in cloudy weather. Solar energy
Is used worldwide and is increasingly popular for generating electricity or heating and
desalinating water. Solar power is generated in two main ways but in our research

we will focus on (PV) because it is less expensive cost practically for us:[15]

PhotoVoltaics (PV), also called solar cells, are electronic devices that convert
sunlight directly into electricity as Fig2.2. A modern solar cell is likely to be an
Image most people recognize - it is found in panels mounted on homes and in
calculators. It was invented in 1954 at Bell's telephone laboratories in the United
States. Today, photovoltaic is one of the fastest growing renewable energy
technologies, ready to play a key role in the global electricity generation mixof the
future. The use of solar photovoltaic power to power small grids is an excellent way
to connect electricity to people who do not live near power transmission lines,
especially in developing countries with excellent solar resources. The cost of making
solar panels has dropped dramatically in the last decade, making it more affordable
but often the cheapest forms of electricity. Solar panels are about 30 years old. Where
a solar panel with a capacity of (131.32 watt) was brought, it outputs a current of
(7A) and a voltage of (22.16v), an inverter with a capacity of (1000watt) was
connected, a solar power controller was connected, Optima batteries with a capacity
of (12v) and (60A) were used, an Arduino Uno was connected, and temperature and

dust sensors were used in the same system as shown in the figure
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Figure2.2: Main contents of project

Concentrated Solar Power (CSP), uses mirrors to concentrate solar rays. These rays
heat fluid, which creates steam to drive a turbine and generate electricity. CSP is
used to generate electricity in large-scale power plants

A CSP power plant usually features a field of mirrors that redirect rays to a tall thin
tower. One of the main advantages of a CSP power plant over a solar PV power plant
Is that it can be equipped with molten salts in which heat can be stored, allowing
electricity to be generated after the sun has set. The Sun is the star that dominates
our solar system. The amount of energy emitted by the Sun as radiation is quite
constant. This energy output is generated deep within the Sun. As a star, the Sun is
made up of 71% hydrogen, 27% helium, and 2% other elements. At the center of the
Sun the density is 150 times that of water and the temperature is almost 16,000,000
Kelvin, which causes the nuclei of individual hydrogen atoms to undergo nuclear
fusion (in other words they join-together). The result of this is that two hydrogen
nuclei combine to make one helium nucleus, and energy is released in the form of
radiation. Vast numbers of fusions occur every second, generating energy beyond

our imagination. The energy produced moves out towards the solar surface by
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radiation and then by convection through the turbulent mixing of gases on the Sun's
surface as Fig2.3. The Sun has produced energy for many millions of years and will
do so for many millions more. It is estimated that there is enough hydrogen still in

the Sun's core to last another 4.5 billion years
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Chapter Three
Experimental Work
3.1 Introduction

This chapter explains how a two-axis solar tracking system was manufactured
and implemented to convert solar radiation into electrical energy. Furthermore, this
chapter details the components used in manufacturing with components that are
cheap and available in the local market, as well as the method and type of control
used to implement the solar tracking process. The system is made up of a mechanical

part that acts as the body and an electronic part that acts as the brain.

3.2 Experimental Setup

The Basic Part on the Project as Fig
1. Solar panel

2. Solar power controller

3. AC load any.

4. Inverter 12 to 220 volt

5. Battery 12 volt

6. DC load 12 volt

3.3 Schematic Diagram

Solar panel

Solar powver [ ocwea |
controller
Fuse
Fuse
] Battery Inverter AC Load

Figure3.3: Schematic diagram of a off-grid PV system with AC and DC loads
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3.4 Parts of the project

1- Solar panel

Solar cells are merged into larger units - the panels - in panel production.They are
framed and weather - proofed . The solar energy panels are final products ready to
generate power . Sunlight is converted into electrical energy in the panels . The direct
current produced this way is converted to alternating current by a device called an
inverter so that it can be fed into the utility grid or , if ap pliable , straight into the

house as shown fig3.4.[16]

i =73

l!i\f

2- Solar power controller

Figure 3.4: Solar panel

The charging regulator has a great importance and role in regulating and
improving the voltage and current coming from the solar panels to
values compatible with the voltage of the system (the battery voltage and
the input voltage of the inverter). Filling the batteries, also protects the

batteries from overcharging and fully discharging as shown fig3.5.[17]
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Figure 3.5: Solar power controller
Battery

Is a chemical energy bundle that can produce a limited amount of electrical energy
when you need it, unlike regular electricity that runs through your home through

wires from electric power plants is shown fig3.6.[18]

Energizer 3

-
272024

Figure 3.6: Battery
4- Inverter DC to AC
An inverter is an electronic device that converts low voltage DC into high
pressure alternating current. Because we usually use 220V AC inverters in order to

use direct current, a sine wave inverter is the opposite as shown fig3.7 [19]
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i Ce
1000WATT INVERTER & CHAROER

Figure 3.7: Inverter DC to AC

5- LED lamp
(LED lamp or LED light bulb) is a type of electric lamp that produces light using
one or more light-emitting diodes (LEDs). LED lights have a much longer life than
equivalent incandescent bulbs, and are much more effective than most fluorescent
lights ac shown fig3.8[20]

- i

Figure 3.8: LED lamp
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3.9 Cleaning systems of solar panels

The existing automatic cleaning systems of solar panels are various and can be
categorized into two main types: i) active, and ii) passive cleaning systems. Active
systems require power for self-cleaning methods, such as electrostatic and
mechanical methods. However, there is no need for input power for the passive
systems, such as the coating method [21]. Among these two groups, harsh
mechanical cleaning systems, such as automated brushes [22], can damage the
surface of PV during the operation, leading to reduced PV performance and working

lifespan efficiency

Automated cleaning methods comparison

In this section, prevalent automated cleaning systems, which are recently
employed, are chosen as shown in Table 4. Then, the detail of each mechanism is
presented and discussed accordingly in the following sections. The selected cleaning
systems have been employed for the last two decades, comprising of the brush
cleaning system (BCS), electro- static cleaning system (ECS), heliotex cleaning
system (HCS), robotic cleaning system (RCS), and coating cleaning system (CCS).
Brush cleaning system (BCS)/ Active system

Fi0:3.9Brush cleaning system Electrostatic cleaning system (ECS
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Heliotex cleaning system (Hcs)[23] Robotic cleaning system (RCS) [24] Public Domain

Optimize
energy

method ‘ efﬁciency
Dur':bl: ;nd '\. : Eliminate
B I\ surface dust

repellent

Coating cleaning system (CCS)

Fig : Automated cleaning methods comparison
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Chapter Four

1.4 Result and Discussion

The cleaning system of one group in the 15 kW photovoltaic system has been
working for six months in 2019 To analyze the effect of dust deposits and thus the
effect of cleaning photovoltaic modules on energy performance of its photovoltaic
modules. Measurements were recorded daily, and the relevant calculations Carried
out as shown in Table 2 the percentage power gain of two arrays of 15 kW solar
photovoltaic system for the study period with a description of weather conditions.
Energy percentage The gain is calculated as the rate of the power differences
(between the clean PV array and the reference matrix) to Reference PV array power.
The average energy gain is the average of four days in each month. Based on Table
1, the average energy gain is obtained from the percentage energy gain over a four-
day period [25] in each month included in the study. indicates that the maximum
energy gain was in January with The average power is 7.69% as a result of dust
build-up and dust storm. While the minimum energy gain Occurred in March and
April with average values of 2.68% and 2.87%, respectively, due to the abundance

of precipitation Showers reduce dust build-up on the reference solar array Table 4.1
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Day-Month

Reference array energy

Clean array energ

Energy Gain

Weather Status

(kW) (kW) (%)

7 Jan. 7.614 7.947 4.363 Dust accumulation
14 Jan. 10.392 11.373 9.435 Dust storm

21 Jan. 7.529 8.447 12.19 Dust accumulation
28 Jan. 9.763 10.228 4.76 Heavy Rainfall

7 Feb. 10.801 11.277 5.99 Dust accumulation
14 Feb. 9.975 10.491 8.71 Dust accumulation
21 Feb. 8.061 8.222 4.098 Rain shower
28 Feb. 11.803 11.949 2.83 Rain shower

7 Mar. 8.457 8.612 345 Dust accumulation
14 Mar. 8.230 8.340 2.82 Rain shower
21 Mar. 7.710 7.780 1.86 Heavy Rainfall
28 Mar. 1.753 1.770 2.61 Rain shower

7 Apr. 8.601 8.801 3.23 Rain showers
14 Apr. 7.347 7.431 2.10 Rain showers
21 Apr. 10.901 11.210 3.89 Dust accumulation
28 Apr. 10.885 10.999 2.28 Rain full

7 May 8.268 8.633 5.367 Dust accumulation
14 May 8.341 8.816 6.602 Dust accumulation
21 May 7.954 8.353 5.868 Wind (9-14) km/h
28 May 8.115 8.523 5.76 Wind (5-14) km/h
6 Jun. 7.143 7.447 6.07 Dust accumulation
13 Jun. 9.385 9.792 5.17 Wind (6-15) km/h
20 Jun. 9414 9.791 4.87 Wind (4-11) km/h
27 Jun. 9.789 10.622 9.26 Dust storm and wind

Table4.1. The weather status and the percentage energy gain of the test system

While in the year 2023 an experimental study was conducted to find out the

effect of cleaning and cooling on the efficiency of the solar panel. This was done
using temperature sensors and a dust sensor. Water mist was used to work at the

same time as cooling and cleaning the solar panel to reduce the amount of water

used to maintain the efficiency of the solar panel and with the presence of a

charging regulator and an inverter of that capacity ( 1000w) and a battery (60) and
a solar panel that gives a capacity of 131.32w) where when the temperature rises to
(30) (640.72) the water mist sprays for 10 seconds, which leads to a decrease in

temperature approximately (1 degree) and dust until it reaches (134.37). Record

readings as per the table 4.2
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Table (4.2) the result of temp

result

1 39.00 38 10s
2 38.00 36 30s
3 36.00 32 Imi

m

Table (4.3) the result of dust

result
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Chapter Five

5.1 Conclusion

The main objective of this research is to study photovoltaic cooling with
aqueousfilmFront flip with minimal time and energy used. Contains water mist
cooling systemlt has been developed. An arithmetic unit for quantitative estimation
has also beendevelopedThe flow rate and time required to reach a steady state state
based on a givenParameters to simulate different types of climate throughout the

year. Based on theresults of this Study can conclude that;
1- Cooling and cleaning photovoltaic panels with the proposed cooling system
effective.
2- Front water cooling can provide cooling rate of 1°C/min. Which means that

The cooling system should run for (10sec) to reduce the cell temperature of 28

degrees Celsius.
3- The board works more efficiently when cooled and reaches 16.2% compared to
13.72% without refrigeration.

4- The power produced by the photovoltaic panel increased by 43.3W compared to

the photovoltaic panel without refrigeration.
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