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ABSTRACT 

 

 

 

 

Considering the demand for fresh starfruit becomes higher nowadays, an 

automatic system for starfruit quality inspection is mostly needed since the quality 

inspection of starfruit is still manually performed by human. The objectives of this 

thesis are to develop a real time visual system and to implement the colour maturity 

algorithm into a Field Programmable Gates Array (FPGA) system for starfruit colour 

maturity classification. Generally, the system designed in this work consists of three 

main sub-systems: input, process and output. The input of the system is acquired by 

using a digital camera with YCbCr format. The second part of the system is the main 

processing system which is FPGA. The processes on the FPGA can be divided into 

three parts, which are segmentation, feature extraction and classification. The 

segmentation process is utilised to determine the Region Of Interest (ROI) of the 

starfruit area by using fixed threshold value based on Cb component. The feature fed 

to the system is extracted from Cr component that becomes the input to the proposed 

rule-based classifier. In this work, the starfruit is classified into 6 maturity levels. 

The performance of the proposed system achieved 89% of starfruit correctly 

classified. 
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ABSTRAK 

 

 

 

 

 Memandangkan permintaan untuk buah belimbing segar telah meningkat 

pada masa kini, suatu sistem automatik untuk pemeriksaan kualiti buah belimbing 

adalah amat diperlukan kerana pemeriksaan kualiti buah belimbing masih lagi 

diproses secara manual. Objektif tesis ini adalah untuk membangunkan sistem visual 

masa nyata dan mengaplikasikan algoritma warna kematangan pada Field 

Programmable Gates Array (FPGA) yang bermaksud Tatasusun Get Boleh Aturcara 

Medan untuk tujuan pengkelasan buah belimbing mengikut tahap warna kematangan. 

Secara umumnya, sistem yang direka ini terdiri daripada tiga sub-sistem utama:   

masukan, proses dan keluaran. Masukan sistem diperolehi daripada kamera digital 

dalam bentuk format YCbCr. Bahagian kedua sistem ini ialah sistem pemprosesan 

utama iaitu FPGA. Proses di dalam FPGA terbahagi kepada tiga bahagian iaitu 

penemberengan, pengekstrakan ciri dan pengkelasan. Proses penemberengan secara 

nilai ambang tetap pada komponen Cb digunakan untuk menentukan kawasan yang 

diliputi buah belimbing. Ciri untuk sistem ini pula diekstrak daripada komponen Cr 

di mana data ini digunakan sebagai masukan kepada pengelas berasaskan peraturan 

yang dicadangkan dalam tesis ini. Kerja ini mengelaskan buah belimbing kepada 

enam jenis tahap kematangan. Prestasi sistem menunjukkan 89% buah belimbing 

telah dikelaskan dengan tepat. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

Carambola or starfruit is believed originally from Sri Lanka or Moluccas, 

Indonesia. However, the starfruit has been spread to Asian country for hundred years. 

The fruit is showy, oblong and has a uniform and symmetric shape with five 

longitudinal ribs. Cutting across, it will form a star-shaped section that gives rise to 

the common name “starfruit” such as shown in Figure 1.1 [1]. 

 

 
Figure 1.1: Examples of Starfruit Images 
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Starfruit is one of the popular fruits exported around the world from Malaysia 

since 1989 [2]. This is why starfruit is a special product where it is not only popular 

among Malaysians but also to the worldwide nations. To ensure the quality of the 

export, since 1965 starfruit production is controlled and monitored by a government 

body called Federal Agricultural Marketing Authority (FAMA) [3]. Specifically, 

FAMA is a marketing agency established by the Malaysia government under 

Ministry of Agriculture and Agro-based Industrial [3]. Based on export statistic 

published by FAMA, in 2008 there were about 2711 metric ton of starfruit, which is 

equivalent to about RM 25.5 million was exported to various countries over the 

world, such as European countries (Netherlands, France, Germany, Canada), Middle 

East Countries (Saudi Arabia, Iran, Bahrain, Turkey), and Asian countries 

(Singapore, Hong Kong, Indonesia). European countries were the major markets for 

the Malaysian starfruits covering almost 97% of the overall exports. The 2008 annual 

statistics for starfruit export was increased by 7.58% to 2711 tons comparing to 1239 

tons in 2007 [4]. Until Jun 2009, the export recorded about 901.509 metric tons 

(RM14.5 million) of starfruit has been exported from Malaysia [5]. These export 

figures tells that starfruit is among the great commodity which are able to generate 

income to Malaysian economy. 

 

 

The fresh starfruit products exported from Malaysia are well known in 

Europe countries because of its good quality which normally rated by its taste and 

physical appearance. Thus, Malaysia was acknowledged to have the best taste 

compared to other exporter countries [6]. However, the attractiveness of the physical 

appearance of the starfruit is much important as its taste. In order to maintain these 

qualities, a quality label called Malaysia’s Best was created by FAMA [7]. Figure 1.2 

shows the Malaysia’s Best quality label for the export fruit from Malaysia. Under 

this label, every step from harvesting to packaging of the fruit is described to ensure 

the quality. However, the process of inspecting the quality of the starfruit can be 

performed either by FAMA or the farm owner which have a license granted by 

FAMA to do the inspection. This licensing programme is called Self-Regulated by 

Regulated Entities (SRBRE) [8]. 
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Figure 1.2: Malaysia’s Best Label 

 

 

Until today, the evaluation of the starfruit quality is still in its traditional 

method where it is performed manually by humans [9]. The disadvantage of this 

manual operation is time consuming while the accuracy of the operation cannot be 

guaranteed due to human nature such as fatigue. The effectiveness of this manual 

technique depends on the expertise, experience and high concentration of the 

operator. Hence moving towards automatic evaluation should solve the problems. 

 

 

In order to guaranty the quality evaluation process under the Malaysia’s Best 

label, the starfruit quality evaluation label has been standardized under Malaysian 

Standard (MS1127) in year 2002 [10]. Based on the Malaysian Standard, the grade 

for fresh starfruit can be divided into three different grades which are Grade 

Premium, Grade 1, and Grade 2. Details on the specification of the grades are shown 

in Table 1.1. Based on Table 1.1, the physical appearance for the starfruit quality are 

divided into five important criteria’s which are uniform in maturity, freshness, free 

from defects, free from damages and uniform in size. Among those criteria’s, the 

maturity uniformity of the starfruit is the main interest for this thesis. 
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Table 1.1: Starfruit Grade Specification referring to Malaysian Standard, 

Specification for Fresh Carambola MS1127:2002 

Grades Requirements Tolerance 

Premium 

The fruit shall be clean, firm, well- formed, 

uniform in size and free from blemishes 

and  discolourations with the exception of 

very slight superficial defects in the skin 

and ribs due to rubbing and bruises 

provided that these do not affect the general 

appearance of the produce, the quality, the 

keeping quality and presentation in the 

package. 

Fruit which do not meet 

these requirements should 

not exceed 5 % by count 

or weight but shall 

conform to the 

requirements of the next 

lower grade. 

1 

The fruit shall be clean, firm, fairly well-

formed and fairly uniform in size.  They 

shall be reasonably free from 

discolourations and blemishes provided 

that these do not affect the general 

appearance of the produce, the quality, the 

keeping quality and presentation in the 

package.  The total surface area affected 

shall not exceed 5 %. 

Fruit which do not meet 

these requirements should 

not exceed 10 % by count 

or weight but shall 

conform to the 

requirements of the next 

lower grade. 

2 

The fruit shall be reasonably clean, firm, 

fairly well-formed and fairly uniform in 

size.  They shall be reasonably free from 

discolourations and blemishes provided 

that the fruit retain its essential 

characteristic as regards to the quality, the 

keeping quality and presentation. The total 

surface area affected shall not exceed 10 %. 

Fruit which do not meet 

these requirements should 

not exceed 10 % by count 

or weight. 
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Maturity of the fruit is very important where normally abroad customer will 

choose starfruit with good physical appearance which defined based on uniform 

maturity and minimum defect. Physical appearance is also important because these 

customers are not able to taste the whole starfruit on the market [11]. Thus, the best 

way is to select the starfruit based on the physical appearance. Besides, the sweetness 

of the starfruit can be estimated based on the maturity level of the starfruit [12] and 

the maturity level can be determined via the starfruit skin colour. Mature starfruit 

will have orange colour with a little yellow and for immature starfruit, it is in green 

colour. Thus, this is why it is the normal practice for the abroad customers to buy the 

starfruit based on the maturity level of the starfruit.  

 

 

By knowing the starfruit maturity, the farmer can also separate the fruit nicely 

according to its maturity level so that the starfruits can be packed at similar maturity 

level. For export purpose, the starfruit is packed not only based on its maturity, but 

also on similar size and weight [13]. Other than that, the maturity level is also use to 

determine the transportation method, whether via the sea or via the air. For example, 

the mature fruit is not suitable to be transported via sea because the sea transportation 

needs a long time to arrive at its destination. 

 

 

 

 

1.2 Starfruit Maturity 

 

 

 In the starfruit maturity process, the starfruit skin changes from dark green 

colour into orange colour where dark green colour is for immature starfruit while the 

orange colour is for very mature starfruit. Based on the Malaysian Standard mention 

previously, the starfruit maturity can be classified into 7 levels of maturity, namely 

index 1 to index 7. Index 1 is for the most immature starfruit and change towards 

index 7 for the most mature starfruit.  
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In previous maturity classification standard, it was only 6 maturity levels. Just 

then it was reviewed to 7 indexes in June 2006 [14]. However, the previous 6 index 

are still in use at most farm and still acceptable for the export purposed. These 6 

indexes of starfruit are shown in Table 1.2. For this work, the 6 index version is 

considered as most of current practice is still based on the 6 index. 

 

 

Table 1.2: Starfruits Index 

 
Index 1 

Dark Green 
Fruit is immature. 

Not suitable for 

harvesting or 

exporting. 

 
Index 2 

Green with a little 

yellow 

Matured. Suitable 

for harvesting and 

export trough sea. 

 
Index 3 

Green more than 

yellow 

Matured. Suitable 

for harvesting and 

export trough sea. 

 
Index 4 

Yellow green 

For export using air 

transport. 

 
Index 5 

Yellow with a 

little green 

Still can be sent for 

far export using air 

transport. 

 
Index 6 

Orange 

Not suitable for far 

export. Local 

market only. 
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1.3 Problem Statement 

 

 

 Up to present, the starfruit quality inspection is still performs manually using 

human labour, which is prone to error and inefficiency due to the human subjective 

nature. Because of this reason, the development of an algorithm for the starfruit 

maturity classification was developed by several researchers such as in [15][16]. In 

[15], a novel technique has been introduced where one colour feature was 

implemented instead of normal three colour features. However, the algorithm is not 

yet to be implemented on the hardware system. The implementation and evaluation 

of this algorithm were performed only via computer software called MATLAB as an 

offline system.  

 

 

 In the previous topic, the quality inspection process can be performed by the 

farm owner who has the SRBRE licence. These farmers normally performing the 

quality inspection process on their own farm, which has limited supply for electrical 

power. Thus, for those who performed the SRBRE for the starfruit quality inspection 

process, there is a need for low power system with low cost development (Less than 

RM20,000) and maintenance. 

 

 

Therefore, this research work will focus on the implementation of the 

maturity classification algorithm developed in [15] on a machine vision system. As 

for the system development, this work will consider the low power processing 

devices with low maintenance cost and minimum development cost that suitable for 

the farmer performing the SRBRE quality inspection process. 
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1.4 Objectives 

 

 

The objectives of this research project are to: 

 

1. Develop a real time visual system for starfruit quality inspection. 

 

2. Implement the starfruit colour classification algorithm on Field 

Programmable Gates Array (FPGA). 

 

 

 

 

1.5 Scopes 

 

 

As shown in Table 1.2, only few maturity indices of the starfruit can be 

exported either via sea transportation or air transportation. For starfruit classified as 

index 1, it cannot be considered for harvesting or exporting because it is immature. 

The starfruit that can be exported via sea transportation must be in variance of index 

2 and index 3, while starfruit with index 4 and index 5 can still be exported but 

restricted via air transportation only. Index 6 is for local market only. The starfruit 

colour maturity algorithm implemented in this work will be able to classify the 

starfruit up to index 6.  

 

 

 

 

1.6 Research Methodology 

 

 

The work undertaken in this research can be separated into two parts which 

are hardware development and algorithm implementation. 
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The hardware development in this work are includes designing and building 

illumination chamber and conveyor system such shown in Figure 1.3. The 

illumination chamber is used to control the illumination when capturing the starfruit 

image while the conveyor system is developed so that real condition on the starfruit 

processing can be achieved.  

 

 

As for the algorithm implementation, the algorithm for starfruit colour 

classification is taken from [15]. The algorithm developed in [15] is used as the 

original algorithm where the algorithm is modified in this work. The modification of 

the algorithm is to derive the original algorithm to suit with the system which using 

YCbCr colour space in the image data processing. The software used to implement 

the algorithm into FPGA is Altera Quartus II software design.  

 

 

 
Figure 1.3: The Proposed Conveyor and Illumination Chamber 
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1.7 Project Contributions 

 

 

This work is to implement the starfruit colour classification algorithm into 

machine vision system based on FPGA as the main processing system. To implement 

the starfruit colour classification in FPGA, the knowledge to develop a system for 

controlling the image data from a camera device is needed. The data from colour 

camera must be stored first in temporary memory before the data used in 

classification process. Controlling the image data using FPGA as the main 

processing for the system is quite challenging especially when the algorithm has 

multiplication and division process. One of the challenging tasks in the algorithm 

implementation is when the sign of the number becomes negative which need 2nd 

compliment in binary. The conversion of negative sign number using 2nd 

compliment makes the system speed slow down. The solution on this challenge is to 

avoid the calculation that gives negative number in the system. 

 

 

 The algorithm implemented in this work is a modified version from the 

original algorithm where single chrominance component based on HSI colour space 

was derived. First, derivation of the original algorithm (Hue) into YCbCr colour 

space is made as the camera used in this work is based on YCbCr colour space. 

Then, the derived colour features is simplified which result less calculation where the 

feature is extracted directly from a single component of Cr. Not only the algorithm 

becomes simpler, the algorithm is more suitable to the main processing system where 

all the hue values are now positive values compare to the previous single Hue 

algorithm which involves both positive and negative values. 

  

 

 Another contribution is developing the hardware which is the conveyor 

system in order to transfer the starfruit into the vision chamber for the classification 

process. The conveyor is developed with variable speed and lighting system with 

illumination control. The starfruit is detected using camera data pixel and the image 

will be captured when the starfruit is within the image region. 
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1.8 Thesis Organization 

 

 

 This thesis is organized into six chapters. The first chapter introduces the 

background of the study, the starfruit quality inspections process, the starfruit colour 

maturities, the problem statements, objectives, scopes, research methodology and 

research contribution of the work. 

 

 

Second chapter discussed related and existing systems for fruit grading. This 

chapter starts with the topic on grading criteria for fruit in general that can be divided 

into two main grading specifications which are non-colour and colour grading. Then, 

a more detailed discussion on the previous work for the starfruit maturity 

classification based on colour. To complete the chapter, various colour space applied 

in the existing fruit grading system and the specifications of the system for machine 

vision system used in fruit classification are also discussed. 

 

 

The third chapter discusses about the previous starfruit colour maturity 

algorithm presented in [15] where it is based on simplified Hue from RG colour 

components. Comparing to the state of the method proposed by [15], the discussion 

on the modification of the algorithm into YCbCr colour space is also discussed. The 

details on the reason behind the modification are also discussed in the chapter. 

 

 

The FPGA system design architecture is discussed in the fourth chapter. The 

data flow inside the main processing is also discussed together with the 

implementation technique applied for the system design. The important task in this 

research work is the development of implementation code for the FPGA and the 

mechanical part of the system consisting of the conveyor platform and the vision 

chamber. 
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The fifth chapter are the results and discussions of the research. The results 

are evaluates all experiments that have been performed and the performance of the 

proposed techniques are discussed in the discussions part.  

 

 

The final chapter consists of a conclusion in this work. It also described the 

problems arises and recommendations for future research. 
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