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ABSTRACT

Detection of defects in mango fruit is a challenging problem in automatic inspection
process and is heavily used by the food industries, particularly by the import/export companies
worldwide. It is an important task of quality control which helps to reduce rejection of fruits
and time spent on manual inspection. Fruit quality analysis is often based on its appearance
using characteristics of skin or surface. Based on this fact, this research work is designed to
identify skin or surface defects in mango fruit. The main objective of the research work thus is
to design an automated external skin defect detection system for mango fruit using image

processing and machine learning techniques in an accurate and time efficient manner.

The proposed research methodology consists of three phases. The first phase focuses
on preprocessing technique, which enhances the quality of the image using impulse noise
removal algorithms, for this purpose, an enhanced Adaptive Fuzzy Switching Filter (AFSF)
enhanced using Particle Swarm optimization (PSO) is used. The second phase proposes a
segmentation algorithm to divide the mango fruit image into similar regions, for this Modified
Fuzzy Possibilistic C-Means (MFPCM) clustering algorithm is used, this algorithm obtains the
initial centroids automatically estimated using Artificial Bee-Colony (ABC) optimization

technique.

The third and fourth phases of the study perform feature extraction and surface defect
detection in mango fruits. Two types of features, namely, color features and texture features
were extracted. These two feature vectors are then combined to form a fused feature vector, in
order to improve the defect detection and classification process. Three classifiers, namely,
Support Vector Machine (SVM), Relevance Vector Machine (RVM) and an enhanced RVM
were used. The enhanced RVM was designed using Simulated Annealing algorithm, which is

used to fine tune the parameters.

Performance evaluation was performed using acquired mango fruit database having a
total of 1800 images generated from 1000 defective and 800 healthy mangoes belonging to four
varieties, namely, Alphonso, Banganapalli, Neelam and Sendura. Four types of skin defects

were considered. They are, bruise, russet, blemish, and shrink.

Several performance metrics were used to evaluate the performance of the proposed
algorithms. The noise removal algorithm was evaluated using Peak Signal to Noise Ratio
(PSNR) and speed of noise removal. The segmentation algorithm was analyzed using stability
criterion, anti-noise criterion and speed. The defect detection process was evaluated using

specificity, sensitivity, accuracy, error rate and speed.
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All the experiments proved that the proposed algorithms used in the proposed
Automated External Skin Defect Detection System for Mango (AESDDSM), perform
efficiently in terms of all selected performance metrics when compared to the corresponding
existing algorithms. High accuracy with maximum speed efficiency was obtained while using
the proposed Adaptive Fuzzy Switching Filter with Particle Swarm optimization algorithm
for noise removal, Modified Fuzzy Possibilistic C-Means algorithm with Artificial Bee-
Colony optimization technique, combined color and texture features and RVM enhanced with
Simulated Annealing algorithm. Experimental results proved that AESDDSM model is
efficient with small time complexity and high accuracy during detect detection and can
therefore be used by the import/export industries to identify defects and increase consumer

satisfaction.
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