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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

RIPENESS DETECTION OF OIL PALM FRESH FRUIT BUNCHES USING 

FLUORESCENCE SENSOR 

 

By 

MOHD HAFIZ BIN MOHD HAZIR 

November 2011 

Chairman: Abdul Rashid Mohamed Shariff, PhD 

Faculty: Engineering 

 

Classification of oil palm fresh fruit bunches (FFB) into its correct ripeness category 

(under-ripe, ripe and over-ripe) is a critical factor that dictates efficient oil palm milling 

operations. This study investigates the fluorescence sensor to determine which excitation 

LEDs are suitable in discriminating between the different ripeness categories.  

  

To determine this, we used a Multiplex
®
3 sensor, which has an active fluorescence 

sensor system; comprising of 9 excitation LED (6 UV and 3 RGB for red, green and 

blue excitations) and 3 photodiodes for the emitted fluorescence in the yellow (590 nm), 

red (685 nm) and far red ranges (735 nm), to detect oil palm FFB ripeness categories. 

The in-field signal value data were collected using the sensor system from a total of one 

hundred and eighty (180) oil palm FFB. These oil palms FFB were classified into under-

ripe, ripe, and over-ripe ripeness categories.  
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Feature selection method, the rank method based on chi-square value was used to select 

the best predictors among available features. Fourteen classification methods (SPSS 

Classification Tree
TM

 (QUEST, CHAID, and CRT), SPSS Discriminant Analysis (Enter 

independent together), STATISTICA Stochastic Gradient Boosting Trees, STATISTICA 

Interactive Tree (C&RT), STATISTICA MARSplines, STATISTICA General Stepwise 

Linear Discriminant Analysis, STATISTICA Automated Neural Networks 

Classification, STATISTICA Random Forest For Classification, Machine Learning 

(Support Vectors Machine, Naïve Bayes Classifier and k-Nearest Neighbour)), 

were used to assess the applicability of using the sensor system. Based on the 

classification accuracies, data analysis on the predictors indicated that the signal values 

of the data could be valuable in predicting the maturity stage of the oil palm FFB. The 

STATISTICA Stochastic Gradient Boosting Trees yielded highest average overall 

accuracies of 89.4% for the correct classification of oil palm FFB using the blue to red 

fluorescence ratio (BRR_FRF) as a predictor. Additionally, the average individual 

classes (under-ripe, ripe and over-ripe) classification accuracies were also higher than 

76%. Thus, fluorescence sensing using the blue to red fluorescence ratio (BRR_FRF) as 

a predictor is useful for oil palm FFB ripeness detection under field conditions. This 

research will be useful for future development of low cost non-destructive, automatic 

and real time oil palm FFB grading system. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

PENGESAN KEMASAKAN TANDAN BUAH KELAPA SAWIT 

MENGGUNAKAN PENDERIA FLUORESCENSE 

 

Oleh 

MOHD HAFIZ BIN MOHD HAZIR 

November 2011 

 

Pengerusi:  Abdul Rashid Mohamed Shariff, PhD 

 

Fakulti: Kejuruteraan 

 

Pengkelasan tandan kelapa sawit segar kepada kategori kemasakan (mengkal, masak 

terlebih masak) yang betul merupakan faktor kritikal bagi menentukan tahap kecekapan 

operasi kilang pemprosesan kelapa sawit. Penyelidikan ini mengkaji pengesan 

fluorescense untuk menentukan ujaan LED yang manakah paling sesuai untuk 

membezakan kategori kemasakan. 

 

Bagi menentukan kategori kemasakan tandan kelapa sawit segar, kami menggunakan 

pengesan Multiplex
®
3, iaitu pengesan fluorescense aktif; terdiri daripada 9 ujaan LED (6 

UV dan 3 RGB untuk ujaan merah, hijau dan biru) dan 3 fotodiod untuk pemancar optik 

di dalam julat kuning (590 nm), merah (685 nm) dan infra-merah (735 nm). Data bacaan 

isyarat di buat di lapangan dan dikumpulkan dari seratus lapan puluh (180) tandan 

kelapa sawit segar menggunakan sistem pengesan. Tandan kelapa sawit segar ini 

dikelaskan kepada mengkal, masak dan terlebih masak. 
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Kaedah pemilihan ciri digunakan untuk memilih peramal terbaik dikalangan ciri-ciri 

yang sedia ada. Empat belas pengelas (SPSS Classification Tree
TM

 (QUEST, CHAID, 

CRT), SPSS Discriminant Analysis (Enter independent together), STATISTICA 

Stochastic Gradient Boosting Trees, STATISTICA Interactive Tree (C&RT), 

STATISTICA MARSplines, STATISTICA General Stepwise Linear Discriminant 

Analysis, STATISTICA Automated Neural Networks classification, STATISTICA Random 

Forest For Classification, Machine Learning (Support Vectors Machine, Naïve Bayes 

Classifier, k-Nearest Neighbour)) digunakan untuk mentaksir keberkesanan sistem 

pengesan. Berdasarkan ketepatan penkelasan, analisis data terhadap peramal 

menunjukkan bacaan isyarat daripada data tersebut boleh digunapakai dalam 

menentukan tahap kemasakan tandan kelapa sawit segar. STATISTICA Stochastic 

Gradient Boosting Trees memberikan hasil purata keseluruhan tertinggi iaitu 89.4% bagi 

pengkelasan tandan kelapa sawit segar yang betul menggunakan kadar biru kepada 

merah fluorescense (BRR_FRF) sebagai peramal. Sebagai tambahan, purata kelas 

individu (mengkal, masak dan terlebih masak) mempunyai ketepatan pengkelasan yang 

tinggi iaitu melebihi 76%. Oleh yang demikian, pengesan fluorescense menggunakan 

kadar biru kepada merah fluorescense (BRR_FRF) sebagai peramal sangat berguna 

dalam menentukan tahap kemasakan tandan kelapa sawit di lapangan. Penyelidikan ini 

amat berguna dan membuka tapak di masa hadapan dalam membangunkan sistem 

penggredan tandan kelapa sawit yang murah, tidak merosakkan buah kelapa sawit, 

automatik dan memberi keputusan serta-merta. 

 

 



© C
OPYRIG

HT U
PM

vi 

 

ACKNOWLEDGEMENTS 

 

Every morning after praying Subuh, I always see the sun shine and pray that my life will 

be always beautiful as that scene.  Like a fresh flower it will wither when the time 

comes. Syukur Ahamdulillah I am thankful to Allah for making things possible, 

Alhamdulillah. I would like to express my most sincere gratitude to my supervisor, 

Assoc. Prof. Dr. Abdul Rashid Mohamed Shariff, for his untiring guidance, advice, 

support and encouragement throughout my program.  

 

My great honour goes to the members of my supervisory committee, Dr. Mohd. Din 

Aminuddin, Assoc. Prof. Dr. Rahman Ramli and Assoc. Prof. Dr. M. Iqbal Saripan, for 

their valuable suggestions that lead to refinement of the thesis. My thanks also extend to 

other lecturers like Prof. Ir. Dr. Mohd. Amin Mohd. Soom (KBP), Dr. Rimfiel Janius 

(KBP), Assoc. Prof. Dr. Helmi Zulhaidi Mohd. Shafri (KAW) and many more. I am 

thankful to the examination committee and chairman (Dr. Rimfiel Janius, Dr. Siti 

Khairunniza Bejo, Assoc. Prof. Tofael Ahamad and Dr. Mohd Halim Shah Ismail), for 

their corrections. 

 

I am very grateful to the Universiti Putra Malaysia (UPM), Malaysia Palm Oil Board 

(MPOB), Sime Darby Berhad, Force-A Company, Minister of Science, Technology and 

Innovation (MOSTI) for providing the funds, data and technologies. I am thankful to 

Mr. Rick Cheen, Mr. Zahlan, Mrs. Atiqah, Mrs. Siti Hajar, Mr. Khosro, Mr. Osama, Mr. 

Meftah, Mr. Hermi, and Mr. Ghazali for their guidance and assistance. Also not 



© C
OPYRIG

HT U
PM

vii 

 

forgotten are the SNML Lab of ITMA, Spatial Research Group (SRG), Department of 

Biological and Agricultural Engineering (KBP) and all staff involved in this project, a 

big thank you to them.  

 

I would like to extend my heartfelt thanks to my parents Mohd Hazir Senen and 

Jamaliah Ibrahim, brothers and my sisters and also to the love of my life, Nur Atiqah 

Annuar for giving me continuous love and strengthen my spirits.  

 

My appreciation also goes to my helpful colleagues Mr. Ruzinoor, Mr. Halim, Mr. 

Ramin, Mr. Zakri, Mr. Ebrahim, Mrs. Wan Nor Zanariah, Mrs. Rania, Mrs. Nik 

Norasma, Mr. Roshidul, Mr. Fadhil, Mrs. Veena, Mr. Fauzul and all members who 

directly or indirectly gave their moral support during my study. Thank you very much to 

all. 

 

Last but not least, my friends and housemates (Lab, Halim, Spencer, Awie, Nai, Cheng, 

Blair, Wan, Hadi, Abi, Azli, Zack, Otai, Pdot, Fakha..etc.)  who were involved indirectly 

in this project with me and sharing our ideas. They were very helpful that when we 

combined and discussed together, I had this project done. 

 

 

 

 

 



© C
OPYRIG

HT U
PM

viii 

 

I certify that a Thesis Examination Committee has met on 24
th

 November 2011 to 

conduct the final examination of Mohd Hafiz Bin Mohd Hazir on his thesis entitled 

“Ripeness Detection of Oil Palm Fresh Fruit Bunches Using Fluorescence Sensor” in 

accordance with the Universities and University Colleges Act 1971 and the Constitution 

of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The committee 

recommends that the student be awarded the Master of Science.  

 

Members of the Examination Committee are as follows: 

 

Mohd Halim b. Shah Ismail, PhD 

Senior Lecturer 

Faculty of Engineering 

Universiti Putra Malaysia 

(Chairman) 

 

Rimfiel b. Janius, PhD 

Lecturer 

Faculty of Engineering 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Siti Khairunniza bt. Bejo, PhD 

Lecturer 

Faculty of Engineering 

Universiti Putra Malaysia 

(Internal Examiner 

 

Tofael Ahamed, PhD 

Associate Professor, 

Graduate School of Life and Environmental Sciences 

University of Tsukuba, 

Japan 

(External Examiner) 

 

 

       __________________________ 

SEOW HENG FONG, PhD 

Professor and Deputy Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date: 2 March 2012 

 

 



© C
OPYRIG

HT U
PM

ix 

 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 

been accepted as fulfillment of the requirement for the degree of Master of 

Science. The members of the Supervisory Committee were as follows:  

 

Abdul Rashid Mohamed Shariff, PhD 

Associate Professor 

Faculty of Engineering 

Universiti Putra Malaysia 

(Chairman) 

 

Abdul Rahman b. Ramli, PhD 

Associate Professor 

Faculty of Engineering 

Universiti Putra Malaysia 

(Member) 

 

M. Iqbal b. Saripan, PhD 

Associate Professor 

Faculty of Engineering 

Universiti Putra Malaysia 

(Member) 

 

Mohd Din b. Amiruddin, PhD 

Principal Research Officer 

Biology Research Division 

Breeding & Genetics Group 

Malaysian Palm Oil Board  

(Member) 

 

 

______________________________ 

BUJANG BIN KIM HUAT, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date:  

 
 



© C
OPYRIG

HT U
PM

x 

 

DECLARATION 

 

I declare that the thesis is my original work except for quotations and citations which 

have been duly acknowledged. I also declare that it has not been previously, and is not 

concurrently, submitted for any other degree at Universiti Putra Malaysia or other 

institutions. 

 

 

 

 

 

 

   _________________ 

MOHD HAFIZ BIN MOHD HAZIR  

 

            Date:  24 November 2011 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xi 

 

TABLE OF CONTENTS 

    Page 

 

ABSTRACT                     ii 

ABSTRAK                     iv 

ACKNOWLEDGEMENT                                                                                       vi  
DECLARATION                                                                                                       x  
LIST OF TABLES                                                                                                   xiv 
LIST OF FIGURES                                                                                                 xvii 
LIST OF ABBREVIATIONS                                                                                  xix 

 

CHAPTER   
 

 1 INTRODUCTION  1 

  1.1 General  1 
1.2 Oil Palm Background         2 

1.3 Malaysian Oil Palm History        3 

1.4 Oil Palm Fresh Fruit Bunches        5 

1.5 Oil Palm Types         6 

1.6 Problem Background        9 

1.7 Oil Palm FFB Grading Problems       9 

1.8 Oil Extraction Rate (OER)       11 

1.9 Motivation         12 

1.10 Goal 17 
1.11 Objectives 17 
1.12 Scope 17 

 

 2 LITERATURE REVIEW 18 
2.1 Introduction 18 

2.2 Malaysian Palm Oil Production      19 
2.3 Oil Palm FFB Grading Process      28 

2.4 Optical and Physical Characteristics of Oil Palm FFB   29 

2.4.1 Color          29 

2.4.2 Shape         32 

2.4.3 Weight        32 

2.4.4 Texture        33 

2.4.5 Size         33 

2.5 Previous Study on Oil Palm FFB Grading Method    35 

2.6 Classification Method       38 

2.7 Different Types of Wavelenths/Signals That Can Detect Maturity 42 

2.8 Fluorescence Spectroscopy and Its Advantages    44 

2.9 Grading Standard Guidelines      49 

2.10 Summary         50 



© C
OPYRIG

HT U
PM

xii 

 

 3 METHODOLOGY                                                                              52 

3.1 Research Workflow                                                                         52 

3.2 Instrumentation       53 

3.3 Samples        57 

3.4 Samples Preparation      58 

3.5 Data Collection       59 

3.6 Data Preparation and Analysis     59 

3.7 Feature Selection Analysis      62 

3.8 Classification Analysis      65 

3.8.1 Stochastic Gradient Boosting Trees    68 

3.8.2 Interactive Tree Classification and Regression  

  Tree (C&RT)       68 

3.8.3 General Stepwise Linear Discriminant Analysis  69 

3.8.4 MARSplines       69 

3.8.5 STATISTICA Automated Neural Network   70 

3.8.6 Support Vector Machine (SVM)    70 

3.8.7 Naïve Bayes Classifiers     71 

3.8.8 K-Nearest Neighbors (KNN)     71 

3.8.9 Random Forest Classification Tree    72 

3.8.10 SPSS Classification Tree     73 

3.8.10.1 CRT Criteria      73 

3.8.10.2 CHAID and Exhaustive CHAID Algorithms 74 

3.8.10.3 QUEST Algorithm     75 

3.9 Build the Classification System     75 
 

 4    RESULTS AND DISCUSSION                                                      76 

4.1 Introduction       76 

4.2 Data Preparation       76 

4.3 Statistical Analysis Results     77 

4.3.1 Error Bars       78 

4.3.2 Oneway Analysis of Varians (ANOVA) Results  78 

4.3.3 Anthocyanin and Flavonols Behavior in FFB Ripeness  

   Process        80 

4.3.4 Chlorophyll Behavior in the FFB Ripeness Process 82 

4.4 Feature Selection Analysis Results    81 

4.4.1 Multiplex
®
3 Sensor Data Features    81 

4.4.2 Data Features Interaction     85 

4.4.3 Data Ratio Features      88 

4.5 Classification Analysis Results     91 

4.5.1 Multiplex
®
3 Sensor Predictors    91 

4.5.2 Interaction Features Predictors    94 

4.5.3 Ratio Features Predictors     97 

4.6 Comparisons       100 

4.7 False Positive and False Negative    102 

4.8 Blue to Red Fluorescence Ratio     103 



© C
OPYRIG

HT U
PM

xiii 

 

4.9 Biological and Physiological Aspect    104 

4.10 Build the System       107 

4.11 Results summary       110   

 

 5 CONCLUSIONS 113 
5.1 Conclusion 113 

5.2 Contribution 114 

5.3 Recommendation and Future Work  114 

5.3.1 Real Time Grading System     114  

5.4.2 Oil Palm FFB Fluorescence Sensor    115 

5.4.3 Development for Other Applications   115 
 

REFERENCES 116 
APPENDIXES 131 
BIODATA OF STUDENT 191 
LIST OF PUBLICATIONS 192 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	RIPENESS DETECTION OF OIL PALM FRESH FRUIT BUNCHES USINGFLUORESCENCE SENSOR
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



