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ABSTRACT

Grading of oil palm . 
fruit bunches manually may subjected to mistake and human error while 

examining the right category of the fruit bunches for the purpose of oil palm production in the oil palm 

mill. Hence, it is important to identify and classify the quality of the oil palm 
. 
fruit bunches. Image 

processing technique is implemented into the oil palm fruit bunches grading system. The grading system 

developed manage to distinguish between the four different categories of oil palm fruit bunches which are 

including unripe, under ripe, ripe and over ripe. The methodology consists of six stages which are 

including image acquisition, image pre-processing, color processing, image segmentation, classification, 

and results and evaluation. The saturation element in the HSV model was selected as the parameter for 

the threshold value. The ripeness of the oil palm fruit bunch could be differentiated between the different 

categories of fruit bunches based on the percentage of the ripeness areas masked on the surface of the 

fruit. The fruit classification ability of the prototype system yields above 85% accuracy from the 

experiment results achieved. By implementing the image processing technique into the grading system 

can help to increase the efficiency and quality of grading the fruit bunches for oil palm mill.
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ABSTRAK

Penggredan buah kelapa sawit secara manual boleh menjurus kepada kesilapan dan kecuaian 

peladang sawit semasa mereka memeriksa dan menilai kategori buah kelapa sawit yang tepat dan sesuai 

untuk tujuan pengeluaran dan pemprosesan bagi sesebuah lading kelapa sawit. Proses kenal pasti dan 

proses pengkelasan kualiti buah kelapa sawit adalah sangat penting. Teknik pemprosesan imej telah 

dilaksanakan dalam sistem penggredan buah kelapa sawit. Sistem penggredan ini dapat membezakan buah 

kelapa sawit kepada empat kategori. Kategori-kategori tersebut termasuk buah yang belum masak, separuh 

masak, masak dan terlalu masak. Kaedah ini merangkumi enam peringkat iaitu, pemerolehan imej, imej 

pra-pemprosesan, pemprosesan warna, segmentasi imej, klasifikasi, dan keputusan serta penilaian. 

cover" Saturation" unsur yang terdapat dalam model warna HSV telah dipilih dalam projek ini sebagai 

parameter untuk ambang nilai. Tahap kemasakan buah kelapa sawit dapat dibezakan melalui kategori buah 

kelapa sawit berdasarkan peratusan bahagian yang sudah masak pada permukaan buah kelapa sawit. 

Keupayaan klasifikasi buah kelapa sawit daripada basil sistem prototaip melebihi kadar ketepatan 85% 

daripada keputusan yang telah dicapai daripada eksperimen. Pelaksanaan teknik pemprosesan imej dalam 

sistem penggredan buah kelapa sawit akan meningkatkan kecekapan dan kualiti buah kelapa sawit di 

sesuatu ladang kelapa sawit.
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Chapter 1: Introduction

1.1 Project Overview 

Agriculture industry is a dominant industry in Malaysia. Oil palm plays an important role 

in agriculture industry due to its largest productivity which is vital for the economy of our 

country. Nowadays, the quality of the oil palm product conventionally plays a fundamental role 

in the food industry quality assessments. The technology in the oil palm industry has grown in 

parallel with the increase of its production.

Image processing is one of the useful computer technology techniques used for grading of 

the oil palm fruit bunches. Color features are one of the most important and significance factors 

used to determine the grade and quality of the oil palm. This technique is used to replace the 

traditional grading performed by trained human inspectors. This will help to increase the 

efficiency and quality of grading the oil palm fruit bunches in palm oil mills.

Therefore, the oil palm fruit bunches should be grade using the computer-based

techniques like image processing which brings a lot of benefit in agriculture industry.
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1.2 Problem Statements 

A traditional way of grading the oil palm fruit bunches is done manually through visual 

inspection based on the surface color as the main quality attribute. This skill of grading normally 

causes the grading mistakes occurred. This is due that the human's eyes may perceived the colors 

differently which will often lead to dispute between the graders and sellers. Besides, it is tedious 

and time consuming process. Hence, a computer-based technology such as image processing 

technique is needed to increase the efficiency and quality of the grading oil palm fruit bunches.

1.3 Objectives 

The main objective is to develop an Oil Palm Fruit Bunch Grading method for Oil Palm 

Mill. The specific objectives are to:

" To identify, extract and document the grading process and criteria from grader on how to 

classify the quality of fruit bunches. 

" To design and develop an algorithms for oil palm fruit bunch grading based on the finding 

above. 

" To develop a prototype to demonstrate and test the algorithm developed.

2



1.4 Methodology 

This project requires the skill of Java Programming language, MATLAB software and 

Image Processing techniques. There are six stages have to be taken in order to developed the 

prototype and verify the algorithms designed.

Step 1: Image acquisition

This step is on taken the images of different angle of the area on the oil palm fruit bunches for 

each ripeness category such as unripe, under ripe, ripe and over ripe. There are total of 100 

images were taken as the sample for the prototype in this project. The images are converted into 

JPEG format.

Step 2: Image pre-processing

This step is to eliminate the white color background of the image. This is due to the white color 

background will give the high effect of the result whereas there is no effect on the black color 

background. The fruit bunch object is been extracted out and the background color of the image is 

then change to the black color.

Step 3: Color Processing

During this step, color model is defined in this project. HSV color model will be chosen to extract 

the value due to the reason of it is correlates well with the human color perception. The mean 

values of the saturation element of the images are determined as the threshold value to mask on 

the ripeness region of the fruit bunch.

Step 4: Image Segmentation

3



After the threshold value of the ripeness region of the fruit bunch is been determined, the 

prototype system will segment out the ripeness region of the fruit bunch. The areas of the masked 

region will be calculated for the purpose in the classification stage.

Step 5: Classification

There are a total of four category of oil palm fruit bunches classification which comprises ripe, 

unripe, under ripe and over ripe. In this step, the area of the whole fruit bunch will be measured in 

order for the calculation of the percentage of the ripeness region. This is for the purpose of 

grading the oil palm fruit bunches into different category of quality.

Step 6: Result and evaluation

Various experiments carried out during the evaluation stage in order to ensure that the system was 

able to classify the ripeness category of the oil palm fruit bunches accurately. The output grading 

of the developed prototype will be compared to the result of the expert human's grader of the oil 

palm fruit bunches to check for the accuracy of the result. The accuracy of the result of grading 

will be evaluated.

1.5 Scope 

This project is intended to assist the graders in performing grading processes for the oil 

palm fruit bunches at oil palm mills. The scope of this project will be focusing on the analysis on 

the color of the oil palm fruit bunches using the new algorithm of image processing techniques 

and classify the quality of the fruit bunches into grade of ripe, unripe and under ripe according to 

the color of the oil palm fruit bunches.

4
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1.6 Significance of Project 

This project helps to enhance the manual grading process of oil palm fruit bunches at oil 

palm mills which is very important in the oil palm industry. This is due to the inaccurate result 

presented by the graders where every humans different of eye perspective. The new algorithm of 

the image processing techniques will be presented in this project to increase the effectiveness, 

efficiency and accuracy of the grading on the oil palm fruit bunches.

1.7 Project Schedule

Refer to Appendix.

1.8 Expected Outcome 

The output of this project will be an algorithm and working prototype system for oil palm 

fruit bunches grading. The prototype will be developed to prove on the proposed algorithm of 

image processing techniques used for grading the oil palm fruit bunches.

1.9 Outline of Project Report

Chapter 1 - Introduction

This chapter describes about on the introduction to the proposed project which includes project 

overview, problem statements, objective, methodologies used to achieve objectives, project scope, 

significant of the project, project schedule as well as the expected outcome of the project.

Chapter 2 - Literature Review

In this chapter, different types of color model which include RGB, HSV and HSI color models 

are reviewed. Three of the image processing techniques on grading the oil palm fruit bunches are

5



also reviewed in this chapter. The features of these three techniques are listed and compared in 

this section. The good features are taken into consideration for the development of the project. On 

the other hand, the bad features are improved or discarded in this project. It is useful for the 

project's requirement gathering.

Chapter 3 - Analysis and Design

This chapter delineates on the analysis and research that has been carried out to gain information 

and fundamental requirements to design the system prototype. The proposed image processing 

technique of the project is designed in this chapter.

Chapter 4 - Prototype Development

This chapter explains on the implementation issues involved in the prototype system on grading 

the oil palm fruit bunches. Those implementation issues are including the implementation tools, 

algorithms, and the detailed of the source code on the steps of the image processing on the oil 

palm fruit bunches in the prototype system. The steps of the image processing that discussed in 

this chapter are involving the image pre-processing, image segmentation, color feature extraction 

on the oil palm fruit bunch.

Chapter 5 - Results and Evaluation

This chapter describes and discusses the various experiments carried out during the evaluation 

stage. Each of experiment was carried out to ensure the functionality of the prototype system is 

correct and mutually agreed in order to proceed to the next stage of the development. Evaluations 

are conducted to test the accuracy and effectiveness of the proposed solutions.

6



Chapter 6 - Conclusion

This chapter is describing on the summary of the project being done and the brief discussion on

the possible improvements that can be carried out on the project in the future.

7



Chapter 2: Literature Review

2.1 Introduction 

This chapter describes different types of color models and techniques that had been 

carried out to grade on the oil palm fruit bunches.

The three color models for reviewed consists of RGB, HSI and HSV color models 

respectively. Three of the existing techniques had been reviewed. These includes the techniques 

of using photogrammetric image processing techniques, using red, green and blue digital number 

and the nearest neighbour distance for histogram-based for feature extraction. Those techniques 

will be elaborated more on the following section. Each of the techniques has its own advantages 

and limitation. The advantages and limitation of each of the techniques are listed in this chapter. 

Besides that, the features of these three techniques are also listed as well in this chapter. All the 

good features and advantages will be taking into considerations in the development of this project. 

However, the limitation of those techniques will be improved in this project.

Reviewing various researches on the techniques of grading the oil palm fruit bunches is to

determine the best solution that can be applied in this project.

8



2.2 Review on color model 

Ibraheem et al. (2012) declared that color is one of the most important criteria related to 

fruit recognition and fruit quality as well as the good indicator to classify the ripeness of the fruit 

bunches. Colors that represented formally and numerically within a mathematical formula are 

known as color model that can hold the color space. The computer can visualize its hue and 

lightness by the means of color's primary components which are Red, Green and Blue. Color 

model is defined as a system for measuring colors that can perceived by human and a process of 

combining the different values as a set of primary colors.

According to image processing applications, color models can be divided into three 

categories. These three categories are device-oriented color models, user-oriented color models 

and device-independent color models.

i. Device-oriented color models 

This category of color models are also known as device dependent color models which are 

related and affected by the signal of the devices. The resulted color that affected by the 

tools will be used for displaying. 

ii. User-oriented color models 

The devices will handle the color information and there is a path that existed between the 

observers. These models enable the user to describe and approximate what they are 

percepts from the presenting color. 

iii. Device-independent color models

9



The color model will not be affected by the given device properties. The same color will be 

resulted from the set of parameters without any consideration for the devices performance 

(Ibraheem et al., 2012). The table below shows on the color models classifications.

Table 2.1 Color models classifications (Ibraheem et al., 2012)

Color Model Classifications 

Munsell Device independent 

RGB, CMY (K) Device dependent 

YIQ, YUV, YCbCr Device dependent 

HIS, HSV, HSL User-oriented-Device dependent 

CIE XYZ, CIE L*U*V*, CIE L*a*b Device independent, color metric

In this project, there are three types of color model will be reviewed to consider of measuring the 

color intensity of the oil palm fruit bunches. The three color models are including RGB color 

model, HSI color model and HSV color model.

2.2.1 RGB color model

According to Ibraheem et al. (2012), this model is formed from the three additive primary 

colors which are red, green and blue. These three colors combined together as one color in a light 

spectrum as shown in the Figure 2.1. It is considered as the base color model for most image 

applications due to the acquired image does not need any further transformation for displaying in 

the screen. The RGB color space can be represented as a cube by normalized the RGB color 

values in the range [0,1] with gray values on the main diagonal of the black values (0,0,0) and on 

the opposite corner the white values (1,1,1) as shown in the Figure 2.2.

10



Figure 2.1 RGB color model (Ibraheem et al., 2012)
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Figure 2.2 Primary colors cube (Ibraheem et al., 2012)

The data of input image captured with a camera or scanner are the R'G'B' values represented in 

the range from 0 to 255. The image is needed to keep in JPEG or MPEJ standard format for the 

used in image processing applications (Ibraheem et al., 2012).

2.2.2 HSI color model 

The HSI color model uses cylindrical coordinates for the representation of RGB points. 

This color model relies on two main aspects; the intensity I component that is separated from the 

hue H and saturation S which are the chrominance components and secondly these chrominance
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