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IMAGING ANALYSIS TECHNIQUE FOR ASSESSING
ORANGE MATURITY

ELMETWALLI, A. H.* and Salah, Sh.**

ABSTRACT
The objective of the present study was to develop a computer vision and
image analysis program to serve as a simple and suitable technique for
external fruit inspection and for predicting orange fruits maturity
through the image analysis technique. The ENVI software package was
utilized for image processing and analysis. The study also investigated
the effectiveness of some color bands including R/G ratio, average of
RGB bands (intensity) and VARI indices for predicting biochemical
properties including chlorophyll a and b, caratenoids, acidity, pH, tss,
and tss/acidity. Absorbance of the extracts was read by a
spectrophotometer at specific wavelengths of 470, 645 and 662 nm to
determine chlorophylls and carotenoids concentrations. The results
revealed that the computer vision and image analysis program could be
used to differentiate orange maturity stages. Th‘e results also showed that
there is a strong response between both chlorophyll and carotenoids of
orange fruits and the band ratios used in this research. R/G band ratio,
average of RGB and VARI indices showed sensitive band ratios to
different orange biochemical properties.
Keywords: image analysis, computer vision, orange, carotenoids, RGB,
band ratios.
INTRODUCTION

r I Yhe citrus industry is an important component of the Egyptlan

national income. Harvested orange area in Egypt is about

101421 ha and production is 2577720 tones (FAO,2013). Color
is the most important feature for accurate classification of citrus using
machine vision which serves the important role of quality control system
for agricultural products. Kondo et al. (2000) used a machine vision
system to identify orange properties including sugar content and acid
content based on the information obtained from fruit features (e.g. color,
shape and roughness).
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They concluded that R/G band ratio can successfully be employed to
predict sugar content or pH from the fruit appearance with a reasonable
accuracy. Brosnan and Sun (2002) found that computer vision systems
have been used increasingly in industry for inspection and evaluation
purposes as they can provide rapid, economic, hygienic, consistent and
objective assessment. With the idea of precision and more environmental
friendly agriculture becoming more realistic the potential for computer
vision in this area is immense with the need in field crop monitoring,
assessment and guidance systems. Leemans ef al. (2002) presented a
machine vision system with color camera to grade apples into four
categories based on European standards. They employed a quadratic
discriminant classifier (QDC) and a multi-layer perceptron (MLP) for
classification, and achieved 78 and 72% classification accuracies for
mono and bicolored apples. Raji and Alamutu (2005) reviewed recent
developments and applications of image analysis and computer machine
vision in sorting agricultural materials and products in food industries.
Ahmad et al. (2010) found that the analysis of the area of citrus related
to its size, and the skin color in the RGB color model related to
sweetness and ripeness of citrus. The relationship between area of the
citrus fruit and its weight was analyzed as well as fruit color.
Khojastehnazhand et al. (2010) developed an image processing based
technique to measure volume and mass of citrus fruits such as lemons,
limes, oranges, and tangerines. The technique used two cameras to
provide perpendicular views of the fruit coefficient of determination (R%)
for lemon, lime, orange, and tangerine which were 0.96, 0.97, 0.98, and
0.96 respectively. The characterization results for various citrus fruits
showed that volume and mass are highly correlated. Wanitchang et al.
(2010) showed that a common destructive method for measuring the
maturity and growth of Dragon fruit is to analyze its content of total
soluble sqlids, total acids, ratio of total soluble solids, total acidity and
weight ratio. The data were transformed into a principal component
analysis to represent a single maturity index. Ismail and Razali (2012)
showed that color vision systems were more effective for color
inspection. A color camera output can be de-coded into three images to
represent the red, green and blue (RGB) components of the full image.
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The three components can be recombined in a software package or
hardware to produce intensity, safuration and hue images, which are
more convenient for subsequent processing. Color is considered a
fundamental physical property of agricultural products and foods.
The reported research aimed to develop a simple and suitable technique
for predicting orange fruits maturity, and also to study the relationships
between different indices including R/G band ratio, VARI and average of
RGB bands and biochemical properties of orange fruits at different
maturity stages.

MATERIALS AND METHODS
The present work investigated the potential of image analysis techniques
to detect the response of orange maturity over harvesting stages. The
experimental work was undertaken at a private farm in Wadi Elnetron,
Bohira Province, Egypt.
Valencia orange
Orange (Citrus aurantum) fruits samples were collected for identifying
different biochemical measurements including concentration of
chlorophyll a and b, carotenoids and other properties such as acidity,
percentage of liquid, pH, total soluble solid (tss), tss/acidity.
Computer visioning system
The system consisted of an imaging box with non reflective black cloth
connected to a digital camera of 16.4 Megapixels. The camera was
mounted at 25 cm from the bottom of the imaging box. The position of
the two light sources was adjusted to provide uniform light intensity.
Images were taken to capturc images of fruit free from shadows.
Following capturing images, they stored on a personal computer for the
analysis. Capture cards (WinFast DV2000 with a resolution of 320H X
240V). A personal computer was used for analyzing the images. Figure 1
shows different parts of the imaging system including camera, light
source, imaging box and computer.
Image Analysis system: orange fruit samples were captured by the
camera, transferred to the PC through the capture card, digitized, and
stored on the PC. The ENVI software package was used to analyze the
images of orange fruits and three bands, RGB, (red, green, blue) were
derived for each image. Fig. 2 shows the whole procedure followed until
obtaining the R, G, B colors.
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