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ABSTRACT

A solar cell defect detection method with an improved YOLO v5 algorithm is proposed for the
characteristics of the complex solar cell image background, variable defect morphology, and large-scale
differences. First, the deformable convolution is incorporated into the CSP module to achieve an
adaptive learning scale and perceptual field size; then, the feature extraction capability of the model is
enhanced by introducing the ECA-Net attention mechanism; finally, the model network structure is
improved and one tiny defect prediction head is added to improve the accuracy of target detection at
different scales. To further optimize and improve the YOLO v5 algorithm, this paper uses Mosaic and
MixUp fusion data enhancement, K-meansCC clustering anchor box algorithm, and CIOU loss function
to enhance the model performance. The experimental results show that the improved YOLO v5
algorithm achieves 89.64% mAP for the model trained on the solar cell EL image dataset, which is
7.85% higher than the mAP of the original algorithm, and the speed reaches 36.24 FPS, which can
complete the solar cell defect detection task more accurately while meeting the real-time requirements.
In propose work we have modified YoloV5 but not experimented with advance YOLO family other
version as like Yolo6, 7 or 8. So as extension we have trained same dataset with Yolov6 and its giving
better prediction accuracy compare to Optimized Yolov5.

1. INTRODUCTION

At the present stage, under the dual pressure of environmental pollution and the increasingly prominent
traditional energy crisis, people have turned their attention to the development and utilization of new
energy sources [1]. Due to the advantages of a wide range of applications, low cost, safety, and
reliability, solar energy has become one of the mainstream new energy sources with high-speed
development. Solar panels are important components of photovoltaic power generation, silicon crystal
plates are fragile and fragile, and defects are easily produced by improper operation in production and
installation [2], these defects cannot only affect the efficiency of solar cell power generation but also
seriously threaten people’s life and property safety [3]. Therefore, the study of solar cell defect detection
methods is of great significance [4]. Electroluminescence (EL) imaging involves injecting a forward bias
current into the PV module to put it in an excited state and then using a silicon charge-coupled device
(CCD) or an InGaAs camera to capture the infrared light generated by the solar cell in the excited state
for imaging. With the advantages of nondestructive and noncontact, electroluminescence imaging cannot
only effectively detect tiny cracks, finger interruption, and other process defects that cannot be observed
by conventional imaging systems, but also avoid blurring of imaging caused by lateral thermal
propagation [5], [6]. Based on its excellent performance, electroluminescence imaging has become the
main way of solar cell defect detection.
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1.1 OBJECTIVE

The objective of this study is to enhance solar cell defect detection through a refined YOLOV5
algorithm, incorporating deformable convolution in the CSP module for adaptive learning scales and
perceptual field sizes. The addition of the ECA-Net attention mechanism improves feature extraction,
while a modified network structure with an additional tiny defect prediction head enhances detection
accuracy across scales. Mosaic and MixUp fusion, K-meansCC clustering anchor box algorithm, and
CIOU loss function contribute to algorithm optimization. While achieving a significant 7.85%
improvement in mean Average Precision (mAP) over the original YOLOV5, the study highlights the
potential of further experimentation with advanced YOLO versions for solar cell defect detection.

1.2 PROBLEM STATEMENT

Solar cell defect detection poses challenges due to complex image backgrounds, variable defect
morphologies, and large-scale differences. Existing methods, including YOLOV5, encounter limitations
in adaptive learning scales and perceptual field sizes, affecting accuracy. This study addresses these
issues by proposing an improved YOLOVS5 algorithm, incorporating deformable convolution in the CSP
module, introducing the ECA-Net attention mechanism, and modifying the network structure. However,
the study has not explored advanced YOLO versions like YOLOvV6, 7, or 8. The problem statement
revolves around the need to enhance solar cell defect detection methods to achieve higher accuracy and
real-time performance, considering the unique characteristics of solar cell images.

1.3 SOFTWARE REQUIREMENTS

Software requirements deal with defining software resource requirements and prerequisites that need to
be installed on a computer to provide optimal functioning of an application. These requirements or
prerequisites are generally not included in the software installation package and need to be installed
separately before the software is installed.

Platform — In computing, a platform describes some sort of framework, either in hardware or software,
which allows software to run. Typical platforms include a computer’s architecture, operating system, or
programming languages and their runtime libraries.

Operating system is one of the first requirements mentioned when defining system requirements
(software). Software may not be compatible with different versions of same line of operating systems,
although some measure of backward compatibility is often maintained. For example, most software
designed for Microsoft Windows XP does not run on Microsoft Windows 98, although the converse is
not always true. Similarly, software designed using newer features of Linux Kernel v2.6 generally does
not run or compile properly (or at all) on Linux distributions using Kernel v2.2 or v2.4.

APIs and drivers — Software making extensive use of special hardware devices, like high-end display
adapters, needs special API or newer device drivers. A good example is DirectX, which is a collection of
APIs for handling tasks related to multimedia, especially game programming, on Microsoft platforms.
Web browser — Most web applications and software depending heavily on Internet technologies make
use of the default browser installed on system. Microsoft Internet Explorer is a frequent choice of
software running on Microsoft Windows, which makes use of ActiveX controls, despite their
vulnerabilities.

1. Software : Anaconda

2. Primary Language : Python

3. Frontend Framework : Flask

4. Back-end Framework : Jupyter Notebook
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5. Database : Sqlite3

6. Front-End Technologies : HTML, CSS, JavaScript and Bootstrap4

1.4 HARDWARE REQUIREMENTS

The most common set of requirements defined by any operating system or software application is the
physical computer resources, also known as hardware, A hardware requirements list is often
accompanied by a hardware compatibility list (HCL), especially in case of operating systems. An HCL
lists tested, compatible, and sometimes incompatible hardware devices for a particular operating system
or application. The following sub-sections discuss the various aspects of hardware requirements.
Architecture — All computer operating systems are designed for a particular computer architecture.
Most software applications are limited to particular operating systems running on particular
architectures. Although architecture-independent operating systems and applications exist, most need to
be recompiled to run on a new architecture. See also a list of common operating systems and their
supporting architectures.

Processing power — The power of the central processing unit (CPU) is a fundamental system
requirement for any software. Most software running on x86 architecture define processing power as the
model and the clock speed of the CPU. Many other features of a CPU that influence its speed and power,
like bus speed, cache, and MIPS are often ignored. This definition of power is often erroneous, as AMD
Athlon and Intel Pentium CPUs at similar clock speed often have different throughput speeds. Intel
Pentium CPUs have enjoyed a considerable degree of popularity, and are often mentioned in this
category.

Memory — All software, when run, resides in the random access memory (RAM) of a computer.
Memory requirements are defined after considering demands of the application, operating system,
supporting software and files, and other running processes. Optimal performance of other unrelated
software running on a multi-tasking computer system is also considered when defining this requirement.
Secondary storage — Hard-disk requirements vary, depending on the size of software installation,
temporary files created and maintained while installing or running the software, and possible use of
swap space (if RAM is insufficient).

Display adapter — Software requiring a better than average computer graphics display, like graphics
editors and high-end games, often define high-end display adapters in the system requirements.
Peripherals — Some software applications need to make extensive and/or special use of some
peripherals, demanding the higher performance or functionality of such peripherals. Such peripherals
include CD-ROM drives, keyboards, pointing devices, network devices, etc.

1. Operating System : Windows Only

2. Processor : i5 and above

3. Ram : 8gb and above

4. Hard Disk : 25 GB in local drive

2. FEASIBILITY STUDY

The feasibility of the project is analyzed in this phase and business proposal is put forth with a very
general plan for the project and some cost estimates. During system analysis the feasibility study of the
proposed system is to be carried out. This is to ensure that the proposed system is not a burden to the
company. For feasibility analysis, some understanding of the major requirements for the system is
essential.
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Three key considerations involved in the feasibility analysis are

e ECONOMICAL FEASIBILITY

e TECHNICAL FEASIBILITY

e SOCIAL FEASIBILITY

2.1 ECONOMICAL FEASIBILITY

This study is carried out to check the economic impact that the system will have on the organization.
The amount of fund that the company can pour into the research and development of the system is
limited. The expenditures must be justified. Thus the developed system as well within the budget and
this was achieved because most of the technologies used are freely available. Only the customized
products had to be purchased.

2.2 TECHNICAL FEASIBILITY

This study is carried out to check the technical feasibility, that is, the technical requirements of the
system. Any system developed must not have a high demand on the available technical resources. This
will lead to high demands on the available technical resources. This will lead to high demands being
placed on the client. The developed system must have a modest requirement, as only minimal or null
changes are required for implementing this system.

2.3 SOCIAL FEASIBILITY

The aspect of study is to check the level of acceptance of the system by the user. This includes the
process of training the user to use the system efficiently. The user must not feel threatened by the
system, instead must accept it as a necessity. The level of acceptance by the users solely depends on the
methods that are employed to educate the user about the system and to make him familiar with it. His
level of confidence must be raised so that he is also able to make some constructive criticism, which is
welcomed, as he is the final user of the system.

LITERATURE SURVEY

3. LITERATURE SURVEY

3.1 Deep CNN-based visual defect detection: Survey of current literature:
https://ouci.dntb.gov.ua/en/works/I1wXbky7/

ABSTRACT: In the past years, the computer vision domain has been profoundly changed by the advent
of deep learning algorithms and data science. The defect detection problem is of outmost importance in
high-tech industries such as aerospace manufacturing and is extensively employed using automated
industrial quality control systems. Defect inspection methods can be mainly grouped into manual
inspection, traditional computer vision, and modern computer vision inspection. Initially developed two
decades ago, the CNN algorithms recently became popular for solving complex machine vision
problems, as big datasets and computationally potent hardware became widely available. Deep learning-
based methods form the foundation for modern automatic optical inspection methods and can be
grouped based on their network connections into two categories: dense networks and sparse networks.
Another method for grouping considers the type of learning: supervised learning used primarily for
defect classification and segmentation, and unsupervised learning models, which have the potential to
overcome the challenges of supervised models such as labeling images and annotating pixels. In
addition, pixel-level based segmentation techniques are considered to cover the state-of-the-art
methodologies for the automatic optical inspection. Still, both supervised and unsupervised models pose
challenges in regards to model training and attaining the expected detection accuracy. ldentified open
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challenges include algorithmic, application, and data processing challenges. By addressing these
challenges, in the future, the demand for automated optical inspection is expected to only grow in both
industry practice and academic research.

3.2 Cross-convolutional-layer Pooling for Image Recognition:
https://arxiv.org/pdf/1510.00921.pdf#:~:text=\We%20name%200ur%20method%20cross,successive%20
convolutional%?20layer%20as%20guidance.

ABSTRACT: Recent studies have shown that a Deep Convolutional Neural Network (DCNN) trained
on a large image dataset can be used as a universal image descriptor and that doing so leads to
impressive performance for a variety of image recognition tasks. Most of these studies adopt activations
from a single DCNN layer, usually a fully-connected layer, as the image representation. In this paper, we
proposed a novel way to extract image representations from two consecutive convolutional layers: one
layer is used for local feature extraction and the other serves as guidance to pool the extracted features.
By taking different viewpoints of convolutional layers, we further develop two schemes to realize this
idea. The first directly uses convolutional layers from a DCNN. The second applies the pre-trained CNN
on densely sampled image regions and treats the fully-connected activations of each image region as a
convolutional layer’s feature activations. We then train another convolutional layer on top of that as the
pooling-guidance convolutional layer. By applying our method to three popular visual classification
tasks, we find that our first scheme tends to perform better on applications which demand strong
discrimination on lower-level visual patterns while the latter excels in cases that require discrimination
on category-level patterns. Overall, the proposed method achieves superior performance over existing
approaches for extracting image representations from a DCNN. In addition, we apply cross-layer
pooling to the problem of image retrieval and propose schemes to reduce the computational cost.
Experimental results suggest that the proposed method achieves promising results for the image retrieval
task.

3.3 Exploiting Convolutional Neural Networks With Deeply Local Description for Remote Sensing
Image Classification:

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8270691

ABSTRACT: The extraction of features from the fully connected layer of a convolutional neural
network (CNN) model is widely used for image representation. However, the features obtained by the
convolutional layers are seldom investigated due to their high dimensionality and lack of global
representation. In this study, we explore the uses of local description and feature encoding for deeply
convolutional features. Given an input image, the image pyramid is constructed, and different pretrained
CNNs are applied to each image scale to extract convolutional features. Deeply local descriptors can be
obtained by concatenating the convolutional features in each spatial position. Hellinger kernel and
principal component analysis (PCA) are introduced to improve the distinguishable capabilities of the
deeply local descriptors. The Hellinger kernel causes the distance measure to be sensitive to small
feature values, and the PCA helps reduce feature redundancy. In addition, two aggregate strategies are
proposed to form global image representations from the deeply local descriptors. The first strategy
aggregates the descriptors of different CNNs by Fisher encoding, and the second strategy concatenates
the Fisher vectors of different CNNs. Experiments on two remote sensing image datasets illustrate that
the Hellinger kernel, PCA, and two aggregate strategies improve classification performance. Moreover,
the deeply local descriptors outperform the features extracted from fully connected layers.
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3.4 Convolutional Recurrent Deep Learning Model for Sentence Classification:
https://ieeexplore.ieee.org/document/8314136

ABSTRACT: As the amount of unstructured text data that humanity produces overall and on the
Internet grows, so does the need to intelligently to process it and extract different types of knowledge
from it. Convolutional neural networks (CNNs) and recurrent neural networks (RNNSs) have been
applied to natural language processing systems with comparative, remarkable results. The CNN is a
noble approach to extract higher level features that are invariant to local translation. However, it requires
stacking multiple convolutional layers in order to capture long-term dependencies, due to the locality of
the convolutional and pooling layers. In this paper, we describe a joint CNN and RNN framework to
overcome this problem. Briefly, we use an unsupervised neural language model to train initial word
embeddings that are further tuned by our deep learning network, then, the pre-trained parameters of the
network are used to initialize the model. At a final stage, the proposed framework combines former
information with a set of feature maps learned by a convolutional layer with long-term dependencies
learned via long-short-term memory. Empirically, we show that our approach, with slight
hyperparameter tuning and static vectors, achieves outstanding results on multiple sentiment analysis
benchmarks. Our approach outperforms several existing approaches in term of accuracy; our results are
also competitive with the state-of-the-art results on the Stanford Large Movie Review data set with
93.3% accuracy, and the Stanford Sentiment Treebank data set with 48.8% fine-grained and 89.2%
binary accuracy, respectively. Our approach has a significant role in reducing the number of parameters
and constructing the convolutional layer followed by the recurrent layer as a substitute for the pooling
layer. Our results show that we were able to reduce the loss of detailed, local information and capture
long-term dependencies with an efficient framework that has fewer parameters and a high level of
performance.

3.5 A Novel Text Structure Feature Extractor for Chinese Scene Text Detection and Recognition:
https://ieeexplore.ieee.org/document/7870570

ABSTRACT: Scene text information extraction plays an important role in many computer vision
applications. Most features in existing text extraction algorithms are only applicable to one text
extraction stage (text detection or recognition), which significantly weakens the consistency in an end-
to-end system, especially for the complex Chinese texts. To tackle this challenging problem, we propose
a novel text structure feature extractor based on a text structure component detector (TSCD) layer and
residual network for Chinese texts. Inspired by the three-layer Chinese text cognition model of a human,
we combine the TSCD layer and the residual network to extract features suitable for both text extraction
stages. The specialized modeling for Chinese characters in the TSCD layer simulates the key structure
component cognition layer in the psychological model. And the residual mechanism in the residual
network simulates the key bidirectional connection among the layers in the psychological model.
Through the organic combination of the TSCD layer and the residual network, the extracted features are
applicable to both text detection and recognition, as humans do. In evaluation, both text detection and
recognition models based on our proposed text structure feature extractor achieve great improvements
over baseline CNN models. And an end-to-end Chinese text information extraction system is
experimentally designed and evaluated, showing the advantage of the proposed feature extractor as a
unified feature extractor.

IJFMR240319496 Volume 6, Issue 3, May-June 2024 6



https://www.ijfmr.com/
https://ieeexplore.ieee.org/document/8314136
https://ieeexplore.ieee.org/document/7870570

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

4. SYSTEM ANALYSIS
4.1 EXISTING SYSTEM:
Traditional visual inspection requires operation and maintenance engineers to carry instruments to
inspect solar cells one by one, which is a high workload, low efficiency, and overly dependent on the
subjective experience of O&M engineers, and the inspection accuracy cannot be guaranteed. To
automatically and accurately identify defects in images, researchers have proposed traditional computer
vision based on manual feature extraction and classifiers. Tsai et al. proposed a method for detecting
defects in polysilicon solar cells based on the Fourier image reconstruction technique, which removes
possible defects in EL images by setting the frequency components of line and strip defects to 0. Demant
et al. proposed a classification recognition method based on local descriptors and support vector
machines, which achieves effective detection of photoluminescence (PL) images and infrared (IR)
images of small-grain silicon wafers. However, traditional computer vision relies on manual extraction
of descriptors, which requires a large number of parameter adjustments and has poor robustness and
generalization capabilities.

Disadvantages:

1. However, most convolutional neural networks are designed for natural scene images, and the direct
application of mature deep learning models to detect surface defects in solar cell EL images has
inapplicable problems

2. solar cell defect detection is susceptible to interference from complex backgrounds

solar cells have diversity in the shape of the same class of defects

4. as network training progresses and downsampling continues, micro defect features such as cracks
and finger interruption tend to disappear

4.2 Proposed System:
After the above analysis and demonstration, the firstorder detector YOLO v5 plays an important role in
target detection with powerful real-time processing capability and low hardware requirements, which
can be ported to mobile devices for real-time monitoring. Based on this, this paper proposes an improved
YOLO v5 model for three different characteristics of solar cell surface defects, namely, cracks, black
core, and finger interruption. In the design of the improved YOLO v5 network, deformable convolution
is introduced into the CSP module to achieve effective extraction of defects of different sizes and
shapes; and the ECA-Net attention module is introduced in the Neck part to achieve improved detection
performance through cross-channel interaction; meanwhile, the model structure is optimized and the
prediction head is added to achieve four-scale feature defect detection and improve the detection
accuracy of tiny defects. Finally, the detection effect of the improved model in this paper is objectively
evaluated through experiments such as ablation experiments and a comparison of mainstream methods,
and the results show that the improved model improves the detection accuracy of solar cell defects while
ensuring the real-time detection.

In this work has modified YoloV5, but has not experimented with other advanced versions of the Yolo

family, such as Yolo6, 7, or 8. Consequently, we trained Yolov6 on the same dataset as an extension,

and it produced predictions with a higher accuracy than Optimized Yolov5.

Advantages:

1. Part of the conventional convolution in the CSP module is replaced with deformable convolution to
realize the detection network adaptive learning of feature point receptive fields and effectively
extract defect features of different sizes and shapes

w
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2. Adding the Neck part to the ECA-Net of the deep convolutional network to achieve considerable
performance improvement by adding only a small number of parameters through a local cross-
information interaction strategy without dimensionality reduction.

3. Improving the network structure and optimizing the parameters of the YOLO v5 detection model,
and increasing the number of prediction heads from 3 to 4. The new prediction heads use shallow
features to achieve the detection of micro defects, making the improved model more applicable to
solar cell surface defect detection.

4. Using the K-meansCC algorithm for anchor box clustering, the improved clustering anchor box size
is more in line with the data set, effectively reducing the impact of initial points on the clustering
results and speeding up the convergence of network training; at the same time replacing the loss
function of the detection network with the complete loss function (CIOU), making the improved
prediction box more in line with the real box.

5. The mosaic data augmentation and Mixup data augmentation are proportionally fused for data
expansion, which effectively reduces the memory loss of data augmentation while satisfying the
demand for data expansion.

4.3 FUNCTIONAL REQUIREMENTS
Data Collection
Data Pre-processing
Training and Testing
Modiling
5. Predicting
4.4 NON FUNCTIONAL REQUIREMENTS
NON-FUNCTIONAL REQUIREMENT (NFR) specifies the quality attribute of a software system. They
judge the software system based on Responsiveness, Usability, Security, Portability and other non-
functional standards that are critical to the success of the software system. Example of nonfunctional
requirement, “how fast does the website load?” Failing to meet non-functional requirements can result
in systems that fail to satisfy user needs. Non- functional Requirements allow you to impose constraints
or restrictions on the design of the system across the various agile backlogs. Example, the site should
load in 3 seconds when the number of simultaneous users is > 10000. Description of non-functional
requirements is just as critical as a functional requirement.

o Usability requirement

o Serviceability requirement

o Manageability requirement

o Recoverability requirement

e Security requirement

o Data Integrity requirement

o Capacity requirement

o Auvailability requirement

o Scalability requirement

o Interoperability requirement

« Reliability requirement

« Maintainability requirement

e Regulatory requirement

M wn e
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o Environmental requirement

5. SYSTEM DESIGN
5.1 SYSTEM ARCHITECTURE:

(a)Original YOLO v5 output section

(b) Improvements to the YOLO v35 output section

Fig.5.1.1 System architecture

DATA FLOW DIAGRAM:

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

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

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

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

5.2 UML DIAGRAMS

Import libraries

NO PROCESS
Yes

Importing the dataset

l
I

Feature Selection ‘

v

| Splitting the data into train & test ‘

Data processing
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¥

Building the model- FasterRCNN, YoloVS with CA Attention, Extension
YoloV6 with VGG16

Training the model

Signup & sign in

User input

Final ontcome

j End process

1

UML stands for Unified Modeling Language. UML is a standardized general-purpose modeling
language in the field of object-oriented software engineering. The standard is managed, and was created
by, the Object Management Group.

The goal is for UML to become a common language for creating models of object oriented computer
software. In its current form UML is comprised of two major components: a Meta-model and a notation.
In the future, some form of method or process may also be added to; or associated with, UML.

The Unified Modeling Language is a standard language for specifying, Visualization, Constructing and
documenting the artifacts of software system, as well as for business modeling and other non-software
systems.

The UML represents a collection of best engineering practices that have proven successful in the
modeling of large and complex systems.

The UML is a very important part of developing objects oriented software and the software development
process. The UML uses mostly graphical notations to express the design of software projects.

GOALS:

The Primary goals in the design of the UML are as follows:

1. Provide users a ready-to-use, expressive visual modeling Language so that they can develop and
exchange meaningful models.

Provide extendibility and specialization mechanisms to extend the core concepts.

Be independent of particular programming languages and development process.

Provide a formal basis for understanding the modeling language.

Encourage the growth of OO tools market.

o~ wn
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6. Support higher level development concepts such as collaborations, frameworks, patterns and
components.

7. Integrate best practices.

Use case diagram:

A use case diagram in the Unified Modeling Language (UML) is a type of behavioral diagram defined

by and created from a Use-case analysis. Its purpose is to present a graphical overview of the

functionality provided by a system in terms of actors, their goals (represented as use cases), and any

dependencies between those use cases. The main purpose of a use case diagram is to show what system

functions are performed for which actor. Roles of the actors in the system can be depicted.

§

Importing the packages

U

Exploring the dataset

U

Data pre-processing

U

Visualization

U

Feature selection

0

Splitting the data into train & test

- FasterRCMNN
|- YoloV5 with CA Attention

User

.

- Extension YoloV6 with VGG16

Build & train the model

U

ser signup & signin

U

User input

U

Final outcome
Class diagram:
The class diagram is used to refine the use case diagram and define a detailed design of the system. The
class diagram classifies the actors defined in the use case diagram into a set of interrelated classes. The
relationship or association between the classes can be either an "is-a" or "has-a" relationship. Each class
in the class diagram may be capable of providing certain functionalities. These functionalities provided
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by the class are termed "methods” of the class. Apart from this, each class may have certain "attributes”
that uniquely identify the class.

Importing the packages Exploring the dataset Visualization Data pre-processing
packages dataset data data
import() explore() visualization() data preprocessing(]
User signup & signin Build & train the model Splitting the data into train & test D ST
data train
data data
test
signup()
signin() build &trTm(} split the data) feature selection(
|
- FasterRCNN
- YoloV5s with CA Attention
- Extension YoloV6 with VGG16
User input Final outcome
input result
upload input( predict result(,
Activity diagram:

The process flows in the system are captured in the activity diagram. Similar to a state diagram, an
activity diagram also consists of activities, actions, transitions, initial and final states, and guard
conditions.

: ] Explormg the Dataset
. _)| Open Application - Importin the packages

I
Model Generallun | | Data Processing ]

|
o —
_\
Tra.ln Test

P —— - —_— - —_— - FasterRCHN
| Train & Build the Model ! | - YoloVs with CA Attention
- BExtension YoloWs with WG G16

.FL_Jser Signup &Signilj

=)

B, S

Final Quicome

Data Visualization

IJFMR240319496 Volume 6, Issue 3, May-June 2024 12



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Sequence diagram:

A sequence diagram represents the interaction between different objects in the system. The important
aspect of a sequence diagram is that it is time-ordered. This means that the exact sequence of the
interactions between the objects is represented step by step. Different objects in the sequence diagram
interact with each other by passing "messages".

User System

| Importing the packages

User signup & signin

User input

I
|
I
| Final outcome

|
|

1

! Exploring the dataset !

| Visualization |

T | |
ata pre-processin

| Data pre-p g |

T | |
eature selection

| Feat lect |

-!— Splitting the data into train & test !

_| Build & train the model - FasterRCHNM, YoloWs with CA |

Attention, Extension YoloVe with VGG16

| |

T |

|

|
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Collaboration diagram:

A collaboration diagram groups together the interactions between different objects. The interactions are
listed as numbered interactions that help to trace the sequence of the interactions. The collaboration
diagram helps to identify all the possible interactions that each object has with other objects.

1: Importing the packages
2 Exploring the dataset
3: Visualization
4: Data pre-processing
§: Feature selection
G: Splitting the data into train & test
7: Build & train the model - FasterRCHM, YoloWVs with CA Attention, Extension YoloWe with VGG16
9: User input

User 2 System
e

8: User signup & signin
10: Final outcome

Component diagram:

The component diagram represents the high-level parts that make up the system. This diagram depicts,
at a high level, what components form part of the system and how they are interrelated. A component
diagram depicts the components culled after the system has undergone the development or construction

phase.

Importing th Exploring th Visualization Data Feature
e packages — — — — = e dataset —— —— — — e = pre-processing — — — —> selection

User input User signup Build & train Splitting the data
-=—-——————— & signin =-——————— the model e e into train & test

\

\

‘ - FasterRCNN

‘ - YoloV5 with CA Attention
\

- Extension YoloV6 with VGG16

% Final outcome

Deployment diagram:
The deployment diagram captures the configuration of the runtime elements of the application. This
diagram is by far most useful when a system is built and ready to be deployed.

User Sstem
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6. IMPLEMENTATION

MODULES:

= Importing required packages for image processing and machine learning.

= Setting bounding box or defect probability for anomaly detection.

= Exploring the dataset by extracting feature data from images.

» Visualizing dataset using OpenCV for better understanding and analysis.

= Preprocessing the dataset by normalizing and shuffling images for training.

= Performing feature selection to enhance model efficiency and accuracy.

= Splitting the data into training and testing sets for evaluation.

= Creating a function to calculate metrics scores for model assessment.

= Building models including FasterRCNN, YoloV5 with CA Attention, and YoloV6 with VGG16
extension.

= Training and comparing the performance of the constructed models.

= Making predictions using the trained models for anomaly detection.

= User signup & login: Using this module will get registration and login

= User input: Using this module will give input for prediction

= Prediction: final predicted displayed

Note: As an extension we applied an ensemble method combining the predictions of multiple individual

models to produce a more robust and accurate final prediction.

However, we can further enhance the performance by exploring other ensemble techniques such as

YoloV6, which got 98% of accuracy.

Algorithms:

Faster R-CNN:

Faster R-CNN, or Faster Region-based Convolutional Neural Network, is an object detection algorithm

that introduces the Region Proposal Network (RPN) for efficient region proposals. By combining deep

convolutional networks and region-based detection, Faster R-CNN achieves high accuracy in locating

and classifying objects within images. It excels in real-time applications due to its balanced speed and

precision, making it a popular choice for computer vision tasks.

YoloV5 with CA Attention:

YoloV5, or You Only Look One-level, enhanced with Channel Attention (CA) mechanism, refines

object detection by focusing on important features. CA Attention dynamically weights channel-wise

information, improving the model's ability to capture context and details. This attention mechanism

enhances YoloV5's performance, particularly in scenarios with complex backgrounds or overlapping

objects, ensuring robust and accurate object localization and classification.

Extension YoloV6 with VGG16:

The extended YoloV6, incorporating the VGG16 architecture, combines the strengths of YOLO's

efficiency with the deep feature extraction capabilities of VGG16. VGG16's multiple convolutional

layers enable YoloV6 to capture intricate hierarchical features, enhancing object recognition accuracy.

This extension adapts the YOLO framework to leverage VGG16's powerful feature representation,

resulting in improved performance for object detection tasks, especially in scenarios with diverse and

challenging visual elements. The fusion of YOLO and VGG16 architectures in YoloV6 creates a potent

model for comprehensive and precise object detection in various applications.
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6.2 SAMPLE CODE:

7. SOFTWARE ENVIRONMENT

MACHINE LEARNING:

Before we take a look at the details of various machine learning methods, let's start by looking at what
machine learning is, and what it isn't. Machine learning is often categorized as a subfield of artificial
intelligence, but I find that categorization can often be misleading at first brush. The study of machine
learning certainly arose from research in this context, but in the data science application of machine
learning methods, it's more helpful to think of machine learning as a means of building models of data.
Fundamentally, machine learning involves building mathematical models to help understand data.
"Learning” enters the fray when we give these models tunable parameters that can be adapted to
observed data; in this way the program can be considered to be "learning” from the data. Once these
models have been fit to previously seen data, they can be used to predict and understand aspects of
newly observed data. I'll leave to the reader the more philosophical digression regarding the extent to
which this type of mathematical, model-based "learning"” is similar to the "learning™ exhibited by the
human brain.Understanding the problem setting in machine learning is essential to using these tools
effectively, and so we will start with some broad categorizations of the types of approaches we'll discuss
here.

Challenges in Machines Learning:-

While Machine Learning is rapidly evolving, making significant strides with cybersecurity and
autonomous cars, this segment of Al as whole still has a long way to go. The reason behind is that ML
has not been able to overcome number of challenges. The challenges that ML is facing currently are —
Quality of data — Having good-quality data for ML algorithms is one of the biggest challenges. Use
of low-quality data leads to the problems related to data preprocessing and feature extraction.
Time-Consuming task — Another challenge faced by ML models is the consumption of time
especially for data acquisition, feature extraction and retrieval.

Lack of specialist persons — As ML technology is still in its infancy stage, availability of expert
resources is a tough job.

No clear objective for formulating business problems — Having no clear objective and well-defined
goal for business problems is another key challenge for ML because this technology is not that mature
yet.

Issue of over fitting & under fitting — If the model is over fitting or under fitting, it cannot be
represented well for the problem.

Curse of dimensionality — another challenge ML model faces is too many features of data points.
This can be a real hindrance.

Difficulty in deployment — Complexity of the ML model makes it quite difficult to be deployed in
real life.

DEEP LEARNING

Deep learning is a branch of machine learning which is based on artificial neural networks. It is
capable of learning complex patterns and relationships within data. In deep learning, we don’t need
to explicitly program everything. It has become increasingly popular in recent years due to the
advances in processing power and the availability of large datasets. Because it is based on artificial
neural networks (ANNSs) also known as deep neural networks (DNNSs). These neural networks are
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inspired by the structure and function of the human brain’s biological neurons, and they are
designed to learn from large amounts of data.

What is Anaconda for Python?

Anaconda Python is a free, open-source platform that allows you to write and execute code in the
programming language Python. It is by continuum.io, a company that specializes in Python
development. The Anaconda platform is the most popular way to learn and use Python for scientific
computing, data science, and machine learning. It is used by over thirty million people worldwide and is
available for Windows, macQOS, and Linux.

People like using Anaconda Python because it simplifies package deployment and management. It also
comes with a large number of libraries/packages that you can use for your projects. Since Anaconda
Python is free and open-source, anyone can contribute to its development.

What is Anaconda for Python?

Anaconda software helps you create an environment for many different versions of Python and package
versions. Anaconda is also used to install, remove, and upgrade packages in your project environments.
Furthermore, you may use Anaconda to deploy any required project with a few mouse clicks. This is
why it is perfect for beginners who want to learn Python.

Now that you know what Anaconda Python is, let's look at how to install it.

How to install Anaconda for Python?

«
i

_J) ANACONDA.

To install Anaconda, just head to the Anaconda Documentation website and follow the instructions to
download the installer for your operating system. Once the installer successfully downloads, double-
click on it to start the installation process.

Follow the prompts and agree to the terms and conditions. When you are asked if you want to "add
Anaconda to my PATH environment variable," make sure that you select "yes." This will ensure that
Anaconda is added to your system's PATH, which is a list of directories that your operating system uses
to find the files it needs.

Once the installation is complete, you will be asked if you want to "enable Anaconda as my default
Python." We recommend selecting "yes" to use Anaconda as your default Python interpreter.

Python Anaconda Installation

Next in the Python anaconda tutorial is its installation. The latest version of Anaconda at the time of
writing is 2019.10. Follow these steps to download and install Anaconda on your machine:

| N

AN
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1. Go to this link and download Anaconda for Windows, Mac, or Linux: — Download anaconda

€200 0 waczecazeen v . nNopyd W:

MG & Coogde Driv fueece fDgts Ve (3000 A Pgsioe W MTHWE 8 Aussciene fover S0 Dots [ Geoge Commcw [ ONT o © motnrulohe Comg Wb it ¢ Inaraben
ol & coshtrie B0 aiogel v waoge. (0 [ Geoge 1] we @ a—_b_‘"m' o ”

. Wincoms ‘ mocOS A Lz
Pare M (vweran
Anaconda 2019.10 for Windows Installer

Python 3.7 version Python 2.7 version

Download and run
[ cowio oo | the install file.
b sy Theseare the

steps in Firefox.

Get Started with Anaconda Distribution

Documesseton Anaconos Biog Communay Support Anecorda Webnen Ansconde Tranmg
Pstallanon and wser Qude News, ioflware redesses. ond SoAm0s and Knowledge N0ty rends ond SLonas Leam Python for Dets
Ior Aewcortn Onditsation & devedrpen esl (racticm Fam e commurty fom Aracoron Sowrce wih DauCArg

You can download the installer for Python 3.7 or for Python 2.7 (at the time of writing). And you can
download it for a 32-bit or 64-bit machine.

2. Click on the downloaded .exe to open it. This is the Anaconda setup. Click next.

“ e o 0 & m anaczeascm S . 8 ~9% MDD W=
Moo G soageiie Bl rmmect sEDgtd Vs (00 W Piguiive W WUTMW 2 Acciomes oo Soge. 0 Dus [ Googi Cowsin [ GO0T pnarnn © woivurtlptu Con @ 550 9 B B Dunntsntc . @ Fong Accwocte MitSs . [ Goutbg showt - Scngt.  df Pyrhan for inamaion
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Anaconda 2019.10 for Windows Installer

Python 3.7 vergummms 5 " »n 2.7 version

taber (13 ME)
Woracal instale (16 MR

sl

Click this i
Dacumensstion Anaconca Bisg. Community Support Anecorda Webina Aneconda Trwning
alaton vt e (st News wsllwarm relneses et St st kevzaetge nekany erek med toran Lo Pyt for Dt
for Avaconsa Dstrsom 5 developer el racices to bon Arecornce Scence wih DanCarg
3 Mo "
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3. Now, you’ll see the license agreement. Click on ‘I Agree’.
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. Winows . macS | A Linyx
Anaconda 2019.10 for Windows Installer

3 Asacimn) 000 9-0) Sty - X
Python 3.7 ven e an 2.7 version

ANACTNDA  Swasn 0o o kowws dwre botrs atwing Womcnea!
R0 0
- s P O e T oo o B | -

54-80 Crephwcal bustaler (8
12 208 Gesphica) pstaier 4 ez e wori ol Instabier (155 M)
Coege D15 dcorde. D

faurscal instaber (413 MB)
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Click this
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G
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for AMatonda Detiben 5 developor Dest raced Born Be comnusty Lo Araconia Scwerce wih DunaCarg
[ " 20 W 100 o

4. You can install it for all users or just for yourself. If you want to install it for all users, you need
administrator privileges.
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5. Choose where you want to install it. Here, you can see the available space and how much you need.
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6. Now, you’ll get some advanced options. You can add Anaconda to your system’s PATH environment
variable, and register it as the primary system Python 3.7. If you add it to PATH, it will be found before
any other installation. Click on ‘Install’.

Anaconda 201910 for Windows Installer
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7. It will unpack some packages and extract some files on your machine. This will take a few minutes.

Anaconda 2019.10 for Windows Installer
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8. The installation is complete. Click Next.
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10. The installation is complete. You can choose to get more information about Anaconda cloud and
how to get started with Anaconda. Click Finish.
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11. If you search for Anaconda now, you will see the following options:

All Apps Documents Settings Web More ¥ Feedback

Best match

. Anaconda Prompt (Anaconda3)
App

A
e Anaconda Prompt (Anaconda3)

) Anaconda Navigator (Anaconda3) > AoD

B Anaconda Powershell Prompt
(Anaconda3)

= Open
2 Anaconda3-2019.07-Windows- = .
> O Run as administrator
x86_64.exe
(I Open file location
@ Spyder (Anaconda3) >
_ = Pin to Start
~ Jupyter Notebook (Anaconda3) >
= pin to taskbar
Reset Spyder Settings (Anaconda3) >

=

Uninstall

Search the web
L anaconda - See web results >
Folders

Anaconda >

Documents (1+)

L anaconda

|

PYTHON LANGUAGE:

Python is an interpreter, object-oriented, high-level programming language with dynamic semantics. Its
high-level built in data structures, combined with dynamic typing and dynamic binding; make it very
attractive for Rapid Application Development, as well as for use as a scripting or glue language to
connect existing components together. Python's simple, easy to learn syntax emphasizes readability and
therefore reduces the cost of program maintenance. Python supports modules and packages, which
encourages program modularity and code reuse. The Python interpreter and the extensive standard
library are available in source or binary form without charge for all major platforms, and can be freely
distributed. Often, programmers fall in love with Python because of the increased productivity it
provides. Since there is no compilation step, the edit-test-debug cycle is incredibly fast. Debugging
Python programs is easy: a bug or bad input will never cause a segmentation fault. Instead, when the
interpreter discovers an error, it raises an exception. When the program doesn't catch the exception, the
interpreter prints a stack trace. A source level debugger allows inspection of local and global variables,
evaluation of arbitrary expressions, setting breakpoints, stepping through the code a line at a time, and so
on. The debugger is written in Python itself, testifying to Python's introspective power. On the other
hand, often the quickest way to debug a program is to add a few print statements to the source: the fast
edit-test-debug cycle makes this simple approach very effective.
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Python is a dynamic, high-level, free open source, and interpreted programming language. It supports
object-oriented programming as well as procedural-oriented programming. In Python, we don’t need to
declare the type of variable because it is a dynamically typed language. For example, x = 10 Here, X can
be anything such as String, int, etc.

Features in Python:

There are many features in Python, some of which are discussed below as follows:

1. Free and Open Source

Python language is freely available at the official website and you can download it from the given
download link below click on the Download Python keyword. Download Python Since it is open-
source, this means that source code is also available to the public. So you can download it, use it as
well as share it.

2. Easy to code

Python is a high-level programming language. Python is very easy to learn the language as compared
to other languages like C, C#, JavaScript, Java, etc. It is very easy to code in the Python language and
anybody can learn Python basics in a few hours or days. It is also a developer-friendly language.

3. Easy to Read

As you will see, learning Python is quite simple. As was already established, Python’s syntax is really
straightforward. The code block is defined by the indentations rather than by semicolons or brackets.

4. Object-Oriented Language

One of the key features of Python is Object-Oriented programming. Python supports object-oriented
language and concepts of classes, object encapsulation, etc.

5. GUI Programming Support

Graphical User interfaces can be made using a module such as PyQt5, PyQt4, wxPython, or Tk in
python. PyQt5 is the most popular option for creating graphical apps with Python.

6. High-Level Language

Python is a high-level language. When we write programs in Python, we do not need to remember the
system architecture, nor do we need to manage the memory.

7. Extensible feature

Python is an Extensible language. We can write some Python code into C or C++ language and also
we can compile that code in C/C++ language.

8. Easy to Debug

Excellent information for mistake tracing. You will be able to quickly identify and correct the majority
of your program’s issues once you understand how to interpret Python’s error traces. Simply by
glancing at the code, you can determine what it is designed to perform.

9. Python is a Portable language

Python language is also a portable language. For example, if we have Python code for windows and if
we want to run this code on other platforms such as Linux, Unix, and Mac then we do not need to
change it, we can run this code on any platform.

10. Python is an integrated language

Python is also an integrated language because we can easily integrate Python with other languages like
C, C++, etc.

11. Interpreted Language:

Python is an Interpreted Language because Python code is executed line by line at a time. like other
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languages C, C++, Java, etc. there is no need to compile Python code this makes it easier to debug our
code. The source code of Python is converted into an immediate form called byte code.

12. Large Standard Library

Python has a large standard library that provides a rich set of modules and functions so you do not
have to write your own code for every single thing. There are many libraries present in Python such
as reqular expressions, unit-testing, web browsers, etc.

13. Dynamically Typed Language

Python is a dynamically-typed language. That means the type (for example- int, double, long, etc.) for
a variable is decided at run time not in advance because of this feature we don’t need to specify the
type of variable.

14. Frontend and backend development

With a new project py script, you can run and write Python codes in HTML with the help of some
simple tags <py-script>, <py-env>, etc. This will help you do frontend development work in Python
like JavaScript. Backend is the strong forte of Python it’s extensively used for this work cause of its
frameworks like Django and Flask.

15. Allocating Memory Dynamically

In Python, the variable data type does not need to be specified. The memory is automatically allocated
to a variable at runtime when it is given a value. Developers do not need to write int y = 18 if the
integer value 15 is set to y. You may just type y=18.

LIBRARIES/PACKGES:-

Tensor flow

Tensor Flow is a free and open-source software library for dataflow and differentiable programming
across a range of tasks. It is a symbolic math library, and is also used for machine
learning applications such as neural networks. It is used for both research and production at Google.
TensorFlow was developed by the Google Brain team for internal Google use. It was released under
the Apache 2.0 open-source license on November 9, 2015.

Numpy

Numpy is a general-purpose array-processing package. It provides a high-performance
multidimensional array object, and tools for working with these arrays.

It is the fundamental package for scientific computing with Python. It contains various features
including these important ones:

e A powerful N-dimensional array object

e Sophisticated (broadcasting) functions

e Tools for integrating C/C++ and Fortran code

e Useful linear algebra, Fourier transform, and random number capabilities

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

Pandas

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

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

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

Scikit-learn provide a range of supervised and unsupervised learning algorithms via a consistent
interface in Python. It is licensed under a permissive simplified BSD license and is distributed under
many Linux distributions, encouraging academic and commercial use.

8. SYSTEM TESTING

System testing, also referred to as system-level tests or system-integration testing, is the process in
which a quality assurance (QA) team evaluates how the various components of an application interact
together in the full, integrated system or application. System testing verifies that an application performs
tasks as designed. This step, a kind of black box testing, focuses on the functionality of an application.
System testing, for example, might check that every kind of user input produces the intended output
across the application.

Phases of system testing:

A video tutorial about this test level. System testing examines every component of an application to
make sure that they work as a complete and unified whole. A QA team typically conducts system testing
after it checks individual modules with functional or user-story testing and then each component through
integration testing.

If a software build achieves the desired results in system testing, it gets a final check via acceptance
testing before it goes to production, where users consume the software. An app-dev team logs all
defects, and establishes what kinds and amount of defects are tolerable.

8.1 Software Testing Strategies:

Optimization of the approach to testing in software engineering is the best way to make it effective. A
software testing strategy defines what, when, and how to do whatever is necessary to make an end-
product of high quality. Usually, the following software testing strategies and their combinations are
used to achieve this major objective:

Static Testing:

The early-stage testing strategy is static testing: it is performed without actually running the developing
product. Basically, such desk-checking is required to detect bugs and issues that are present in the code
itself. Such a check-up is important at the pre-deployment stage as it helps avoid problems caused by
errors in the code and software structure deficits.
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Structural Testing:

It is not possible to effectively test software without running it. Structural testing, also known as white-
box testing, is required to detect and fix bugs and errors emerging during the pre-production stage of the
software development process. At this stage, unit testing based on the software structure is performed
using regression testing. In most cases, it is an automated process working within the test automation
framework to speed up the development process at this stage. Developers and QA engineers have full
access to the software’s structure and data flows (data flows testing), so they could track any changes
(mutation testing) in the system’s behavior by comparing the tests’ outcomes with the results of previous
iterations (control flow testing).

Types of Structural testing
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Behavioral Testing:

The final stage of testing focuses on the software’s reactions to various activities rather than on the
mechanisms behind these reactions. In other words, behavioral testing, also known as black-box testing,
presupposes running numerous tests, mostly manual, to see the product from the user’s point of view.
QA engineers usually have some specific information about a business or other purposes of the software
(“the black box’) to run usability tests, for example, and react to bugs as regular users of the product will
do. Behavioral testing also may include automation (regression tests) to eliminate human error if
repetitive activities are required. For example, you may need to fill 100 registration forms on the website
to see how the product copes with such an activity, so the automation of this test is preferable.

Black Box Testing

Input —> Black Box Output

8.2 TEST CASES:
S.NO | INPUT If available If not available
1 User signup User get registered into the application | There is no process
2 User sign in User get login into the application There is no process
3 Enter input for prediction | Prediction result displayed There is no process
SCREENS
7. SCREENSHOTS
SCREENS:

10. CONCLUSION

In this paper, an improved YOLO V5 target detection model is proposed for the characteristics of solar
cell defects, introducing deformable convolutional CSP module, ECA-Net attention mechanism,
improved network structure and adding prediction head to enhance the feature extraction capability to
achieve defect detection at different scales. Meanwhile, in order to optimize and improve the model, this
paper uses mosaic and MixUp scale fusion data enhancement, K-meansCC clustering anchor box
algorithm, and invoking multi-model integration methods. The comparison experiments and ablation
experiments show that the improved target detection model achieves an average accuracy of 89.64%, an
improvement of 7.85% over the mAP of the original detection model, and a speed of 36.24 FPS, with
significant enhancement effects. The next work direction is to reduce the complexity of the model and
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achieve high detection speed by processing the detection model network pruning and distillation to
achieve a lighter improvement of the model.
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