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ABSTRACT 

High quality palm oil is critical in ensuring Malaysia’s competitiveness in the 
industry. Studies have shown that there is a significant relationship between the quality 
of palm oil produced and the ripeness of the fruits used in producing the oil. Correct 
ripeness of the fresh fruit bunches (FFB) produces higher quality and more oil content. 
Unripe FFB produces less oil and overripe FFB produces oil of low quality. According 
to Malaysian Palm Oil Board (MPOB), the main factors that determine the ripeness of 
the oil palm FFB are its colour and the number of its loose fruits. The purpose of this 
study is to improve the FFB grading accuracy at the plantation field using an image 
processing approach, which currently the grading is done manually by human graders. 
Most research in this area are based on FFB images taken at controlled environments 
with perfect lighting and taken using high-quality cameras. This is quite impractical as 
the FFB quality must be determined at the harvesting sites before they are sent to the 
mill for processing. In this research, images used were taken using a common 
handphone camera at the plantation site after the FFBs were harvested. The analysis 
combines both the colour and texture features of the FFB, which the colour features of 
400 FFB images were analysed using different colour channels, as each colour channel 
has  different responses to the sunlight. The Red Green Blue (RGB) colour channel of 
the images went through image processing with colour conversion into YCbCr 
(Y(Green), Cb (Blue), Cr (Red)), which this colour selection is empirically 
recommended for outdoor images. The results showed that by converting the images 
to YcbCr, the accuracy of the grading is more promising with increasing of 40% 
compared to using RGB colour channel. Deep learning was used to identify the colours 
and textures. In view of small dataset of this study, additional image pre-processing 
techniques with colour conversion and resizing on raw image data were processed 
before using them as inputs to the Convolution Neural Network (CNN). The findings  
showed that with the pre-processing step, even with small dataset, the CNN can 
produce good FFB ripeness classification with accuracy 74%, with acceptable 
inferencing time of 3 seconds. In sum, the findings contribute to the development of 
technology to identify the FFB ripeness in the real plant harvesting scenario by camera.   
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ABSTRAK 

Minyak sawit berkualiti tinggi adalah penting dalam memastikan daya saing 
Malaysia dalam industri ini. Kajian menunjukkan terdapat hubungan yang signifikan 
antara kualiti minyak sawit yang dihasilkan dengan kematangan buah tandan segar 
(BTS) dalam penghasilan minyak sawit. Kematangan BTS yang betul menghasilkan 
kandungan minyak yang lebih banyak dan lebih berkualiti. BTS yang tidak matang 
menghasilkan minyak yang sedikit dan BTS yang terlebih matang menghasilkan 
minyak yang tidak berkualiti. Menurut Lembaga Minyak Sawit Malaysia (MPOB), 
faktor utama yang menentukan kematangan BTS adalah warna dan bilangan butir 
buahnya yang sudah gugur. Tujuan kajian ini adalah untuk meningkatkan ketepatan 
penggredan BTS di ladang menggunakan pendekatan pemprosesan imej, yang pada 
masa ini dilakukan dilakukan secara manual oleh penggred manusia. Kebanyakan 
penyelidikan yang dilakukan sebelum ini adalah berdasarkan imej BTS yang diambil 
pada persekitaran yang terkawal dengan pencahayaan yang sempurna dan diambil 
menggunakan kamera berkualiti tinggi. Hal ini agak tidak praktikal kerana secara 
realiti, kualiti BTS mesti ditentukan di tapak penuaian sebelum dihantar ke kilang 
untuk diproses. Kajian ini menggabungkan kedua-dua ciri warna dan tekstur BTS, 
yang mana ciri-ciri warna untuk 400 imej BTS diambil dan dianalisis menggunakan 
saluran warna yang berbeza, kerana setiap saluran warna mempunyai tindak balas yang 
berbeza terhadap cahaya matahari. Saluran warna Merah Hijau Biru (RGB) melalui 
proses imej pemprosesan dengan imej ditukar kepada saluran warna 
YcbCr(Y(Hijau),Cb(Biru),Cr(Merah)), yang mana pilihan warna ini disyorkan secara 
empirikal untuk imej yang ditangkap dengan persekitaran luar. Keputusan 
menunjukkan, dengan menukar saluran warna imej kepada saluran warna YcbCr , 
ketepatan penggredan lebih meyakinkan dengan peningkatan 40% berbanding 
menggunakan saluran warna RGB. Pembelajaran dalam digunakan untuk 
mengidentifikasi warna dan tekstur. Mengikut pandangan set data kecil, tambahan 
teknik imej pra-pemprosesan dengan penukaran warna dan saiz semula imej 
dilaksanakan sebelum menggunakannya sebagai input kepada Convolution Neural 
Netwrok(CNN).  Hasil menunjukkan bahawa dengan langkah pra-pemprosesan, 
walaupun dengan set data kecil, CNN dapat menghasilkan ketepatan klasifikasi 
kematangan BTS yang baik dengan 74% ketepatan dengan masa inferen yang boleh 
diterima iaitu 3 saat. Secara keseluruhannya, penemuan ini menyumbang kepada 
pembangunan teknologi untuk mengenal pasti kematangan BTS dalam scenario 
penuaian yang sebenar melalui kamera. 
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CHAPTER 1  
 
 

INTRODUCTION 

1.1 Introduction  

Known as one of the countries that make the palm oil industry as their 

economic backbone, Malaysia continues to face new challenges in the face of 

globalization [1]. Being one of the biggest producers and exporters for palm oil and 

palm oil products, Malaysia has an important role to play in fulfilling the growing 

global need for oils and fats sustainably [1]. As quality have significant relationship 

with palm oil content, monitoring and controlling the production of Fresh Fruit 

Bunches (FFB) is important in the crops industry. There are 3 factors that lead to 

quality of palm oil : low free of fatty acid, high oil extraction rate (OER) and level 

ripeness of oil palm fruits[2]. [2],[3] and [4] is believed ripeness is perceived as the 

main quality indicator and appearance was used as main point to determine the 

ripeness for FFBs. 

 

Malaysia Palm Oil Centre stated that Malaysia currently accounts for 39 % of 

world palm oil production and 44% of world exports. If taken into account other oils 

and fats produced in the country, Malaysia accounts for 12% and 27% of the world's 

total production and exports of oils and fats [1]. Therefore, to maintain the rapid 

production of palm oil, a lot of effort is needed in palm oil industry itself. 

 

Correct ripeness of the harvested FFB is key to producing higher quality and 

quantity of palm oil. At present, the ripeness of the oil palm fruit is based on manual 

sight inspection. This done by palm oil industry worker by using their sight. According 

to Malaysia Palm Oil Berhad (MPOB), the process for identifying ripeness is based on 

FFB surface colour and number of loose fruits detached from its bunch. Performing 

the task is not easy since it requires good knowledge and experience. Moreover, human 

mistake in manual visual inspection might lead to inaccurate inspection and loss. 



 

2 

 

The use of machine learning in palm oil industry to contribute more in production 

of palm oil[5]. Image processing and machine learning have been use in investigating 

the relationship between quality of the palm oil and its features. This work is one of 

effort in helping labour shortage issue and moving to fully robotic system in 

industries. According to Herman et all[6] there have many research done for oil palm 

fruit ripeness classification based on computer vision, however it has not gained 

many satisfactory results. Therefore, most of the ripeness grading processes are still 

done manually by labor works.  

 

1.2 Problem Statement 

There have been several studies conducted for oil palm ripeness identification. 

An intelligent oil palm grading by using optic probe had been done in[7]. This 

technique are using diod laser to check the firmness of oil palm FFB. Meanwhile, [8] 

used rule-based expert system of Region Of Interest (ROI) image processing logic to 

classify the oil palm fruits which yielded 94% of correct classification.  Both of this 

research are taking the FFB into a controlled environment. This is not practical as in 

the real-world industry, the grader and harvester need to harvest the FFB in outdoor 

environment and lighting does affect the appearance of colours. RGB values only 

suitable to be used in constant lighting environment since they are affected by 

changing light intensities [9].  

 

Studies also show that there are two main factor which involved in determining 

the ripeness of FFB. They are the surface colour and number of loose fruits. These two 

factors had to exist together in order to determine ripeness. However, research for 

determining the number of loose fruits of FFB or by taking texture features of an image 

is not yet to be gradually research. Loose fruit is very important because it contain 

more oil content compared to bunches. Loose fruit contains up to 48% oil while 

bunches only contain 22% oil.  
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According to Suharjito et all[10] One of the current challenges in fruits ripeness 

classification research is, the computational resource to detect the ripeness. People 

need to wait quite some time for the algorithm to determine the level of ripeness. As a 

result, although the accuracy of the model is high, but the time taken for the inference 

to complete is high. 

 

1.3 Research Objectives 

The objective of this research are :  

1. To improve palm oil grading accuracy by taking both colour and texture 

features in outdoor environment. 

 

2. To develop more accurate image processing algorithm with less 

inferencing time for palm fruit ripeness classification by implementing 

Convolution Neural Network. 

 

1.4 Research Scope 

Following are the scope of this research : 

I. Image used in this work is taken in outdoor environment using 720x1280 

pixels resolution  

 

II. Ripeness of FFB determine by both colour and surface area of FFB 

 

III. Using same processor specification Intel(R) Core(TM) i5-9300H CPU @ 

2.40GHz for capturing inferencing time. 
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1.5 Research Significance 

This study focuses on solving the ripeness identification of oil palm FFB based 

on FFB image taken in outdoor environment. It emphasizes the use of both colour and 

texture of the FFB and classify it using the CNN method. The research is significant 

in terms of developing a good algorithm for classifying the ripeness level with 

acceptable inferencing time. The finding of this study may be worth for future 

investigation and giving ideas in the fields of fruits image grading for higher quality 

and quantity of palm oil. 

 

1.6 Thesis Outline 

The thesis is organized as follows: 

 

a) Chapter 2 reviews the literature on certain topics related to the scope of this 

study. Topics such as colour and texture features of FFB, outdoor environment, 

and deep learning are discussed in this chapter.  

 

b) Chapter 3 describes the methodology and research process used throughout the 

study. In this chapter the conduct of the study, information about deep learning, 

how to create datasets, and the result observed during system evaluation and 

analysis were discussed. 

 

c) Chapter 4 presents the results and discussion based on the experiments 

conducted in the study. The analysis and findings are shown in this chapter.  

 

d) Chapter 5 summarizes and concludes the research, as well as discusses the 

study’s limitations and potential future work based on the findings. 
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