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ABSTRACT 

Name  : MUHAMMAD ALKAM ALFARIZ 

NIM  : 41521010092 

Study Program : Teknik Informatika 

Title of Thesis Report : 

A Scalable Retinanet-CNN Architecture For 

Automated Oil Palm Bunch Classification And 

Detection 

Supervisor : Dr. Hadi Santoso, S.Kom., M.Kom 

The classification of palm oil ripeness is vital in maximizing yield and quality in 

the palm oil industry. This study introduces a scalable framework employing a 

modified RetinaNet-CNN architecture for automated oil palm bunch classification 

and detection. The framework emphasizes the use of deep learning techniques to 

achieve accurate classification, addressing the traditional reliance on manual 

assessments that are often subjective and labor-intensive. 

By assembling a comprehensive dataset of high-resolution images of oil palm fruit 

at various ripeness stages, this research ensures that the training process is well-

informed and applicable to real-world scenarios. The proposed model demonstrates 

impressive performance, achieving a mean Average Precision (mAP) of 83.6% and 

a high F1-score of 98.3%. Notably, the model exhibits a robust training process 

with a significant reduction in training loss, indicating effective learning 

capabilities. Additionally, the application of RetinaNet significantly reduces labor 

costs associated with manual grading while maintaining high classification 

accuracy across different ripeness stages. 

The implications of this study indicate that leveraging deep learning and automated 

classification systems can substantially enhance the efficiency of harvesting 

operations in the palm oil sector. By integrating these techniques, this research 

contributes to advancing precision agriculture, ultimately leading to improved 

sustainability in palm oil production. 

Keywords: RetinaNet, Convolutional Neural Networks, Palm oil, Deep learning, 

Automated classification. 

https://lib.mercubuana.ac.id



vii 

TABLE OF CONTENTS 

TITLE PAGE ......................................................................................................... i 

OWN WORK STATEMENT PAGE .................................................................. ii 

APPROVAL PAGE ............................................................................................. iii 

FOREWORD ........................................................................................................ iv 

FINAL PROJECT PUBLICATION APPROVAL PAGE FOR ACADEMIC 

PURPOSES ............................................................................................................. v 

ABSTRACT .......................................................................................................... vi 

TABLE OF CONTENTS ................................................................................... vii 

LIST OF TABLES ............................................................................................... ix 

LIST OF IMAGES ................................................................................................. x 

LIST OF ATTACHMENTS ................................................................................ xi 

CHAPTER 1 INTRODUCTION .......................................................................... 1 

1.1 Background .................................................................................................. 1 

1.2 Problem Formulation ................................................................................... 2 

1.3 Research Objectives ..................................................................................... 3 

1.4 Research Benefits ......................................................................................... 4 

CHAPTER II LITERATURE REVIEW ............................................................. 6 

2.1 Palm Oil ....................................................................................................... 6 

2.2 Dataset .......................................................................................................... 6 

2.3 Convolutional Neural Network (CNN) ........................................................ 6 

2.4 RetinaNet ..................................................................................................... 7 

2.5 Advancements in Deep Learning for Agriculture ........................................ 7 

2.6 Past Research ............................................................................................... 7 

2.7 Research Gap ............................................................................................. 30 

CHAPTER III RESEARCH METHODS .......................................................... 32 

3.1 Research Approach .................................................................................... 32 

3.2 Data Collection .......................................................................................... 32 

3.3 Preprocessing ............................................................................................. 33 

3.4 Model Development ................................................................................... 35 

3.5 Research Design ......................................................................................... 36

https://lib.mercubuana.ac.id



viii 

 

3.6 Research Subject ........................................................................................ 37 

3.7 Research Instrument ................................................................................... 37 

3.8 Data Collection Technique......................................................................... 39 

3.9 Data Analysis ............................................................................................. 40 

3.10 Evaluation of Research Results ................................................................. 41 

CHAPTER IV Discussion .................................................................................... 43 

4.1. Overview of Findings ................................................................................ 43 

4.2. Overall Performance Analysis ................................................................... 43 

4.3. Class-wise Performance Analysis .............................................................. 44 

4.4. Inference Analysis ..................................................................................... 46 

4.5. Implications for Agricultural Practices ...................................................... 46 

4.6. Addressing Challenges and Limitations .................................................... 47 

4.7. Future Directions ....................................................................................... 47 

CHAPTER V Conclusion .................................................................................... 48 

REFERENCES ..................................................................................................... 49 

ATTACHMENTS ................................................................................................ 52 

 

 

 

 

 

 

 

 

 

https://lib.mercubuana.ac.id



ix 

 

LIST OF TABLES 

 

Table 1 Related Research ........................................................................................ 8 
Table 2 Data Augmentation Parameters ............................................................... 34 
 

 

 

 

 

 

 

 

 

 

https://lib.mercubuana.ac.id



x 

 

LIST OF IMAGES 

 

Figure 1 Co-occurrence map ................................................................................. 30 
Figure 2 Palm oil sample data ............................................................................... 33 
Figure 3 Workflow of the proposed method ......................................................... 37 
Figure 4 The training metrics for the RetinaNet model illustrate a significant 

decrease in training loss, consistent improvements in mean Average Precision 

(mAP), and stable Recall metrics over 50 epochs, indicating effective learning and 

high classification accuracy. ................................................................................. 44 
Figure 5 The confusion matrix displays the model's classification performance 

across five ripeness categories, highlighting strong accuracy for Fully Ripe fruits 

while also revealing misclassifications, particularly between Over Ripe and Fully 

Ripe categories. ..................................................................................................... 45 
Figure 6 Examples of palm oil fruits show predicted ripeness stages along with 

their confidence scores, demonstrating the model's high accuracy in classifying 

Over Ripe (a), Partially Ripe (b), Decayed (c), Fully Ripe (d), and Immature (e) 

fruits. ..................................................................................................................... 46 
 

https://lib.mercubuana.ac.id



xi 

 

 

LIST OF ATTACHMENTS 

 

 

Attachment 1 Assistance Card .............................................................................. 52 
Attachment 2 Approval Page ................................................................................ 53 
Attachment 3 Appendix Final Project Output Statement Page ............................. 54 
Attachment 4 Journal Article Manuscript Attachment ......................................... 55 
Attachment 5 Curiculum Vitae ............................................................................. 56 
Attachment 6 IPR Statement Letter ...................................................................... 58 
Attachment 7 Certificate of competence ............................................................... 60 
Attachment 8 Turnitin Check Result .................................................................... 61 
Attachment 9 Company Research Permit Letter................................................... 62 
 

 

https://lib.mercubuana.ac.id




