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ABSTRACT 
 

Traditional visual inspection of production lines is tedious, error-prone, and 

costly, and therefore inappropriate for high-volume production environments. The aim 

of this project is to investigate the potential of employing computer vision and 

Convolutional Neural Networks (CNNs) to produce automatic fault detection on 

manufacturing lines.  

Since I was the AI engineer in charge of this project, model training, backend 

development, model testing, accuracy improvement, hyperparameter tuning, fine tune 

operations, and dataset expansion were activities that I was tasked with. The adopted 

strategy was large-scale testing of a series of architectures like Anomalib framework 

implementations, CNN models, HRNet, YOLO variants, and other deep learning 

methods. All the models were thoroughly evaluated on performance metrics including 

accuracy, precision, recall, F1-score, mean Average Precision (mAP), and processing 

speeds.  

Key results indicate notable performance improvements in defect detection. 

Precise models achieved high accuracy with precision and recall maximized metrics 

with processing rates compatible with real-time industrial operations. The mAP scores 

and F1-scores validate consistent performance across different classes of defects and 

categories of products. Findings confirm the technical feasibility of implementing 

computer vision-based quality assurance systems in factories with the potential to 

transform factory quality assurance by eliminating human mistakes and saving huge 

sums of money through auto-defect detection. 



xi 
 

TABLE OF CONTENTS 
 
 

TABLE OF CONTENTS ............................................................................................... xi 

LIST OF TABLES ......................................................................................................... xiv 

LIST OF FIGURES ........................................................................................................ xv 

 CHAPTER I  INTRODUCTION .................................................................................. 17 

1.1.Problem Formulation ............................................................................................. 17 

1.1.1 Background of the Problem ................................................................. 17 
1.1.2 Problem Statement ............................................................................... 19 
1.1.3 Objective .............................................................................................. 19 
1.1.4 Problem From Customer Perspective .................................................. 19 

1.2.Problem Constraint Analysis ................................................................................. 20 

1.2.1 Data Quality and Availability .............................................................. 20 
1.2.2 Model Performance .............................................................................. 21 
1.2.3 Hardware Limitation ............................................................................ 21 

1.3.Problem Functional Analysis ................................................................................. 22 

1.3.1 Defect Detection Using Computer Vision ........................................... 22 
1.3.2 Realtime Defect Detection System ...................................................... 22 
1.3.3 Data Logging and Reporting ................................................................ 23 

1.4.Solution Selection .................................................................................................. 23 

1.4.1 Convolutional Neural Networks (CNN) .............................................. 23 
1.4.2 Recurrent Neural Networks (RNN) ..................................................... 24 
1.4.3 Selected Solution ................................................................................. 24 

1.5.Solution Usage Scenarios ...................................................................................... 25 

1.5.1 Scenario for Defect Detection Using Computer Vision ...................... 25 

1.6.Scenario for Data Logging and Reporting ............................................................. 26 

 CHAPTER II  SPECIFICATION ................................................................................. 27 

2.1.Existing System ..................................................................................................... 27 



xii 
 

2.1.1 Existing Business Process .................................................................... 27 
2.1.2 Proposed Business Process .................................................................. 29 

2.2.Global Description ................................................................................................. 30 

2.2.1 Main Functionality ............................................................................... 30 
2.2.2 User Characteristics ............................................................................. 32 
2.2.3 Constraints ........................................................................................... 33 
2.2.4 Product Development Environment ..................................................... 34 
2.2.5 Product Operational Environment ....................................................... 35 

2.3.Requirement Analysis ............................................................................................ 36 

2.3.1 External Interface ................................................................................. 36 
2.3.2 Functional Description ......................................................................... 37 
2.3.3 Data Requirement ................................................................................ 41 
2.3.4 Functional Requirement ....................................................................... 42 
2.3.5 Non-Functional Requirement............................................................... 49 

 CHAPTER III  DESIGN ............................................................................................... 51 

3.1.Alternative Solution Designs ................................................................................. 51 

3.1.1 Algorithm ............................................................................................. 51 
3.1.2 Implementations ................................................................................... 52 

3.2.Rational/Systematic Design ................................................................................... 53 

3.2.1 Comparison Table ................................................................................ 53 
3.2.2 QUANTITATIVE SOLUTION SELECTION .................................... 53 
3.2.4 Solution Selection ................................................................................ 60 

3.3.Hierarchical/Iterative Design ................................................................................. 61 

3.3.1 Interface Information Between Block Diagram ................................... 61 
3.3.2 Scrum Methodology to Implement steps in Software Engineering Design

.............................................................................................................. 63 
3.3.3 Detail of Component and Library Used ............................................... 64 
3.3.4 Unified Modeling Language 2.0 .......................................................... 67 

 CHAPTER IV  IMPLEMENTATION .......................................................................... 76 

4.1.Functions/Procedure/Class implementation ........................................................... 76 

4.1.1 Add, Remove, Edit and Save Data of the Products ............................. 76 
4.1.2 Capture and Analyze ............................................................................ 78 
4.1.3 Store Data............................................................................................. 79 



xiii 
 

4.1.4 Generate Report ................................................................................... 85 
4.1.5 Monitor Defect Dashboard .................................................................. 95 

4.2.UI Implementation and Testing ............................................................................. 106 

4.2.1 Registration & Login ........................................................................... 106 
4.2.2 Single Image Analysis Feature ............................................................ 110 
4.2.3 Batch Image Analysis .......................................................................... 112 
4.2.4 Real-Time Analysis ............................................................................. 115 
4.2.5 Generate Report Feature ...................................................................... 117 
4.2.6 Detail Analysis ..................................................................................... 119 

 CHAPTER V CONCLUSION ...................................................................................... 122 

REFERENCES ............................................................................................................... 123 

APPENDICES ................................................................................................................ 124 

 

 

 



xiv 
 

LIST OF TABLES 
 
 
Table 1.1 Advantage and Disadvantage of Solutions .................................................. 25 

Table 2.1 User Characteristics ..................................................................................... 32 

Table 3.1 Entity Comparison ....................................................................................... 53 

Table 3.2 Quantitative Rubric Evaluation ................................................................... 53 

Table 3.3 Quantitative Solution Selection ................................................................... 58 

 

 


