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ABSTRACT

Abundance of variety of fruits is produced in most parts of the tropical countries.
However, facilities for effective storage of these fruit are not readily available making
them appear edible on the surface but in most cases the quality of their tissue and juice
indicates that they are internally defective. Present procedures for assessing fruit
quality are X-ray, impedance, image analysis, laser spectroscopy, sonic, ultrasonic and
reflectance spectroscopy but to date no further applications are known that have taken
unique advantages of Magnetic Resonance Imaging (MRI). This study, applied
Magnetic resonance imaging as an effective non-destructive technique to determine
the internal quality of selected tropical fruits. In this thesis, two types of tropical fruits,
namely oranges and banana are considered for their internal tissue evaluation.
Collected data using MRI equipment were Fourier transformed to obtain related MR
images once the K-space has been fully assembled. The MR images of fruit obtained
from proposed image processing methods were used as features to recognize their
internal quality. The variances determined and features obtained were applied to the
Acrtificial Neural Network (ANN) code developed in MATLAB using fruit MRI
intensity features as inputs. The obtained results have shown that the Levenberg-
Marquardt algorithm (LM) with Mean Square Error (MSE) and R-value of 0.0814and
0.9379 for Orange and 0.0693 and 0.9989 for Banana fruit respectively produced the
best performance fitness for the assessment of internal quality of the fruits. These
support the view that a combination of ANN and MRI has the capability of identifying
the defect as well as being able to perform better than other non-destructive
techniques.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

Fruits have been one of the earliest edible materials collected in the history of
mankind. They were readily available edibles that man considered as food before the
discovery of other food materials which are generally processed before eating. Recent
classification put fruits as roughages which contain mineral, vitamins and other
essential elements for healthy growth and immunities in human body. Fruits are
classified according to the climate regions where they are mostly grown; thus there are
tropical and temperate fruits (Food and Agriculture Organisation of United Nations
[FAQ], 2012).

Fruits are now consumed as roughages along side meals or separately as
refreshment. It is also presented as ‘fruit juice” which is extracted juice of one or more
fruits preserved in paper packs and cans. This facilitate the distributions of a particular
fruit beyond its natural area and also available across seasons. The medicinal
importance of fruits and its promotion by the medical experts as alternative to
synthetic drugs have boosted the demand for fruits by all gender, age and race.
However, quality ripe fruits are often accomplished with various challenges and such
may not meet the desired medicinal value.

Traditionally, inspection techniques of fruits quality have been conducted
manually, but this has been highly inconsistent in accuracy, time consuming, tedious
and relatively expensive. Thus, the application of new techniques in fruit quality
assessment is necessary in order to minimise wastage because most of these fruits are

readily perishable. Furthermore, fruit quality grading is becoming a mandatory



condition in recent time, although quality of fresh fruits could be defined differently
depending on a consumer's preference and final usage, but a standardization to
identify the degree of quality in a commaodity is necessary for marketing fresh and safe
products. Varieties of common tropical fruits sold and consumed widely include
oranges, watermelon, grapes, bananas, avocado, papaya and pineapples.

Quality is a general farming term and is determined by individual based on the
grading method. Hence, this is susceptible to biases and may affect trade agreement
between sellers and buyers. Major fruit’s quality factors include size (weight, volume,
dimension), shape (diameter, depth ratio), colour (uniformity, intensity), defects
(bruise, stab, spot) which are external quality factors. The internal quality factors
include defect (internal cavity, water core, frost damage, rotten, dry or granulation),
texture (firmness, crispness, juiciness), flavour (sweetness, sourness, astringency,
aroma) and nutrition (Carbohydrates, Protein, Vitamins, Functional property)
(Barreiro et al.,, 2008; Du & Sun, 2004; Garcia-Ramos, Valero, Homer, Ortiz-
Cafavate, & Ruiz-Altisent, 2005; Kleynen, Leemans, & Destain, 2005; Noh & Choi,
2006; Ruiz-Altisent et al., 2010).

Grading of fruits and vegetables qualities in the recent past decade have since
turned out to be well mechanised, particularly with the application of robotics and
mechatronics expertise, though majority of such research work concentrated more on
external quality assessment than internal Kondo (2010). Similarly, Du & Sun (2004)
repeated that grading of fruit is essentially based on external quality evaluation which
is commonly used and internal quality grading which is seldom applied.

The introduction of different techniques to determine the internal quality of
fruits is becoming a principal challenge in recent time. Most of the techniques

currently applied to assess fruit quality works in an invasive mode, hence, non-



destructive quality evaluations of fruit product is becoming necessary for agricultural
and food industry (Du & Sun, 2004; Kleynen et al., 2005).

However, researchers are focusing on application of MRI for fruits and
vegetables quality in recent time. MRI is an imaging technique that utilizes the
magnetic properties of nuclei in relation with radio frequency and magnetic field. It is
sensitive to the local environment of water and oil which are main composition of fruit
(Létal, Jirak, Suderlova, & Hajek, 2003; Lu Zhang & Michael McCarthy, 2012).
Furthermore, MRI is used to acquire two and three-dimensional images of biological
systems from obscured materials. It has been used to predict the tomato maturity with
PLS-DA model for classification and shows that different maturity stages are
embedded in MR images signal intensity (Zhang & McCarthy, 2012). Since 1973,
medical expert has commonly been applying magnetic resonance imaging (MRI) for

diseases diagnosis to determine internal defect.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

Demand for high quality of agricultural produce consumed is on high side.
Consequently, requirement for quality of these produce in terms of appearance,
colour, taste, purity, defect and freshness of the juices has increased. Large numbers
of consumers of fruits and vegetables have been identified, recently, for demanding a
superior quality with a better taste upon higher price. The demand for quality fruit
required to conform with standards stated by international established body since
consumer now have a high concerns for quality. Consequently, agricultural sectors
now lay emphasis on developing a system that will detect accurately the quality of

fruits so as to trace it to its original producer.



The developments of various methods of quality determinant factors have been
encouraged during recent years and few of these methods are non-destructive while
large percentage falls in the category of destructive methods. The level of technology
awareness has increased the appetite to develop methods that are not destructive.
Conventionally, tropical fruits inspection and grading is done manually in the
agricultural and natural fruits juice Industries. Issues such as inconsistent, labour
fatigue and slow grading of these fruits are common problems associated with the
approach. The process of grading the required fruit is becoming tedious and time
consuming since grading of fruits is to be done several times and yet internal defect of
these fruits are very difficult to determine by human visual inspection.

The common available methods have only been able to grade fruits using
external features, which are sometimes at variant with the internal structure of the
fruits thus affecting the quality of the extract or process fruits. There are numerous
non-destructive techniques (NDT) such as X-ray, ultrasonic, vibrated excitation,
sonic, impedance, CT, near infra-red (NIR) and ultra-violet that are available for
determining internal quality of fruits. Many of them have been applied to determine
internal qualities of fruit and vegetables, though all these methods currently in use
have their disadvantages or deficiencies. More so, with improvement in technology,
the capability of obtaining cross-sectional images in any desired direction, high
resolution, diffusion imaging, flow-related imaging and ability to use a variety of high
tissue contrast in MRI is very possible. Therefore, a system without any of the

mentioned deficiencies necessitates the usage of MRI as envisioned in this study.



1.3 RESEARCH PHILOSOPHY

Existing techniques for evaluating tropical fruits quality such as Sonic, Ultrasonic,

Reflectance, Image analysis, Transmittance, Laser spectroscopy, Impedance, X-ray

and Near infrared Imaging (NIR) would not always produce desirable result. Based on

the prevailing technology with respect to advances in machine vision, signal and

image processing, it is postulated that techniques involving Magnetic Resonance

Imaging (MRI) would produce improved results as this would reveal the internal

structures of the fruits under investigation.

1.4 RESEARCH OBJECTIVES

The main objective of this research work is to develop magnetic resonance imaging

(MRI) based intelligent system for grading selected tropical fruits using internal

quality non destructive technique. The sub-objectives are:

1.

To investigate the relationship between several non-destructive
technique (NDT) and the internal quality status of selected tropical
fruits.

To formulate an intelligent algorithm capable of extracting features for
the classification of selected tropical fruits based on MRI data.

To develop an Artificial Neural Network (ANN) based tropical fruits
grading system.

To evaluate the performance of the developed system

1.5 RESEARCH METHODOLOGY

The steps taken over the course of this research in order to achieve the stated research

objectives are summarized as follows:



1. Literature review of journal, articles as well as book chapters focusing on
the concept of MRI, fruit grading systems, ANN and other non-destructive
techniques were studied and reviewed in this research work so as to
compare the developed work with existing works and establish the current
state of the art in this area of research.

2. The developed system is based on acquiring fruit images data of healthy
and defective fruit samples from 1T MRI system. The size of Magnetic
Resonance Imaging coil used is small (60 X 90 mm RF coil) therefore
fruit samples were trimmed to size less than 85m2m in diameter and
56mm in height in order to fit to the size of the coil. A code developed in
MATLAB was utilized to display MR image data acquired from Fourier
transformed of fully assembled K-space data.

3. A set of image pre-processing methods is applied to improve contrast and
suppress any noise. The acquired images are further analysed using image
processing techniques so as to locate the presence as well as to extract the
region of interest (ROI) for the respective fruits in terms of colour
intensity.

4. An intelligent fruit quality (defect or healthy) detection algorithm based on
artificial intelligence techniques is implemented with the aim of
recognizing the identity or grade of the fruits.

5. Performance of the proposed fruit grading system is evaluated and
analysed.

The summary of the methodology for the research is illustrated in Figure 1.1.

The flow chart of the research methodology shows the stepwise activities taken in

completing this research, starting with literature survey and ending with performance



