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Abstract. This research aimed to develop image processing program to extract several features
of Siamese orange images and to determine the appropriate key features of the orange images
which were highly correlated with physical and chemical characteristics of Siamese orange. A
sample size of 210 oranges was stored in a room temperature (25-27 °C) and cold temperature
(8-10 °C) for 30 days. All oranges were captured their images using a webcam and were
subsequently measured their physical and chemical characteristics, i.e. weight, hardness, and
total soluble solids (TSS). The visual parameters of images measured were binary area in pixels,
RGB color, HSV color, CIE-Lab color and gray value. The results showed that there was a high
correlation between fruit weight and binary area in both room and cold temperature storage with
7> = 0.8197 and »* = 0.8291, respectively. On the other hand, color values cannot be used to
estimate fruit hardness since the correlation coefficient was too small. The highest correlation
coefficient between them was r = 0.114 which was achieved from the correlation between fruit
hardness and hue value. The » value of TSS and some color components was nevertheless
relatively strong. Based on the experiments, hue value of HSV color model and a* component
of CIE-Lab color model have fairly strong correlations with TSS of oranges stored in room
temperature which were indicated from the #° value of 0.7473 and 0.7029, respectively.

Keywords: image processing, physical characteristics, chemical characteristics, total soluble
solids, RGB

1. Introduction

Citrus is one of the most common commercialized horticulture products which may easily deteriorate
its quality during storage. The quality deterioration can be investigated through the changes of its
physical as well as mechanical, chemical and optical properties. The information of quality properties
of citrus are important to be understood since they have a significant role in machinery design as well
as in harvesting process and other postharvest activities, such as sorting, grading, storage, packaging,
transportation, and fruit processing (e.g. drying, cooling, heating, etc.).

!ontent from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
T3 of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL
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A lot of studies have been established to identify quality properties of citrus. Rafiee et al. (2007) did
a research to figure out physical properties of Iranian fruit, i.e. Bergamot (Citrus medica). Sharifi et al.
(2007) performed a study to identify physical properties of Tompson citrus. Abdullah et el. (2012)
studied the physical properties of musk lime (Citrus microcarpa). Moreover, Pawar et al. (2015)
identified physical and mechanical properties of Kagzi-lime. Joshi and Awate (2016) studied physical
and mechanical chfffacteristics of citrus for sorting and grading. Olabinjo et al. (2017) conducted a
research to identify physical and chemical of sweet orange (Citrus sinensis) peel.

Quality evaluation of citrus is commonly conducted destructively. For instance, fruit hardness is
usually measured by penetrating a plunger tip into citrus peel using a fruit penetrometer. In addition,
total soluble solid (TSS) which is one of the most important chemical properties of fruits is commonly
measured by placing a couple of drops of citrus juice onto the prism of a refractometer. To extract citrus
juice, indeed, some samples of citrus must be squeezed and such practice is obviously destructive.

Recent developments of computation technology has led to enhancement of agricultural practices,
both on-farm and off-farm activities. One of the renowned methods that has been widely used to examine
horticultural products non-destructively is image processing. Therefore, this researchfflimed to analyze
the changes of citrus quality during storage in room and cold temperature as well as to develop image
processing program to extract several features of Siamese orange images and to determine the
appropriate key features of the orange images which were highly correlated with physical and chemical
characteristics of Siamese orange during storage in room and cold temperature.

2. Materials and methods

2.1. Raw materials preparation
Harvested siamese oranges were obtained from a local citrus farm in Kalikajar Village, Purbalingga
Regency, Indonesia. All samples of the oranges were picked from trees at relatively homogeneous
period, i.e. around 200 days after blossoms. A sample size of 210 oranges was prepared prior to data
acquisition in the Laboratory of Food and Agricultural Product Processing, Department of Agricultural
Technology, Jenderal Soedirman University. These fruits were firstly rubbed using a clean damp cloth
to remove dirt and foreign materials from the epicarp. [ ]
After cleaning the oranges peels, the fruits were then split into two storage treatment, i.e. in room
temperature (25-27 °C) and in cold temperature (8-10 °C). All samples were stored under the two
conditions for 30 days. Several tools and devices were utilized to measure fruit quality parameters, i.e.
electronic balance, fruit penetrometer, hand refractometer, lightmeter, and a closed box with a webcam
and controlled lighting system for image acquisition.

2.2. Data acquisition

There were four types of fruit’s properties measured in this research, i.e. physical properties (weight),
mechanical properties (hardness), chemical properties (total soluble solid) and optical properties (color).
During storage, every five days, five oranges were randomly chosen for measurement of their properties.

To determine fruit weights, five orange samples were randomly selected from each treatment and
were carefully weighed using an electronic balance to an accuracy of 0.01 g. The weighing procedure is
replicated three times, and the average value was taken and recorded. Fruit hardness was measured using
fruit penetrometer by manually penetrating a plunger tip into orange peel. This procedure was also
replicated three times and the average value was calculated. To measure total soluble solid, citrus juice
must firstly be extracted by squeezing some orange samples. A couple of drops of citrus juice was then
placed onto the prism of a refractometer. Refractometer is an instrument to quantify substances dissolved
in water and certain oils using the principle of light refraction through liquids.

To determine color values of Siamese orange, an image processing approach was applied. Firstly,
oranges were put in the middle of the closed box base and exactly under the webcam attached. The light
intensity in the closed box was maintained relatively uniform with a range of 280-300 lux. The images
of oranges were then captured by means of a webcam and subsequently stored as JPG files in a computer.




ICLAS-SURE 2019 !)P Publishing
TIOP Conf. Series: Earth and Environmental Science 406 (2019) 012004  doi:10.1088/1755-1315/406/1/012004

The recorded images were then processed to extract their visual features using a developed image
processing technique. Some measurement activities can be seen in Figure 1.

(b)

Figure 1. Measurements of orange quality parameters: (a) weight, (b) hardness, (c¢) total soluble solid,
and (d) color measurement using image processing technique.

2.3. Image processing technique

Orange images captured using a webcam were then processed through several steps of image processing
technique. All image processing program in this research was developed using Matlab R2009b software.
After image acquisition, the next step was image segmentation. In this step, an orange image was
distinguished from its background through a thresholding method. In order to ease and speed up
advanced processing without significantly losing important information of image data, we selected a
smaller region of each segmented image which was located in the middle of image area. This region
selection was conducted by determine center of gravity (COG) of each orange image then cropped a
rectangular area of 101x101 pixels with the COG as the center of the rectangular. An example of the
image segmentation process is shown in Figure 2.

Once orange images were segmented, a number of image features were subsequently extracted. In
this research, the main features extracted included binary area, mean RGB, mean HSV and mean
L*a*b*. RGB color values were converted to HSV and L*a*b* color by using the following formulae:
* RGB to HSV color conversion:

H = tan( 36 -5
(R=G)+ (R—B)
=1— min(R,G,B)
v
R+ G+BB
V=T

* RGB to L*a*b* color conversion:
X 04125 0,3576 0,1804R

[¥]1=[0,2127 0,7152 0,0722] [G]
Z 0,0913 0,1192 09502 F

Lr=116f (1) -16
Y

£ ¥
A= moapr i, - ooX
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s — oo e e
1 — T




ICLAS-SURE 2019 !)P Publishing
IOP Conf. Series: Earth and Environmental Science 406 (2019) 012004  doi:10.1088/1755-1315/406/1/012004

a*=500[fr§)—f(§)]
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@ (b) (©) (d (e) (M (2)

Figure 2. An example of image segmentation and color conversion processes: (a) original image, (b)
contrast enhancement, (¢) binary image, (d) color segmented image, (e) cropped RGB color image, (f)
cropped HSV color image, and (g) cropped L*a*b* color image.

2.4. Data analysis

Data analysis employed in this research was correlation analysis between visual features of orange
images and fruit quality parameters (weight, hardness and TS S). Results of the correlation analysis were
then utilized to develop mathematical model to estimate changes of orange quality (Q) according to
storage time (f) and temperature (7):

Q= f(t.T)

3. Results and Discussions

The changes of orange weight against storage time at room and cold temperature followed order-4
polynomial graph with mean squared errors of room and cold temperature treatment were 1.08 and 1.04,
respectively. In addition, the changes of orange hardness against storage time at room and cold
temperature followed order-3 polynomial graph with mean squared errors of room and cold temperature
treatment were 0.0018 and 0.0086, respectively. However, the changes of orange TSS against storage
time at room and cold temperature followed order-2 polynomial graph with mean squared errors of room
and cold temperature treatment were 0.2682 and 0.0521, respectively. The actual changes of orange
quality parameters against storage time are shown in Figure 3.

Orange weights stored in both room affd cold temperature had a strong relationship with image area,
which was indicated by the high value of /° = 0.8197 and »° = 0.8291, respectively (Figure 4). The visual
parameter of image area, therefore, can be used as a parameter to estimate orange weight during storage.
On the other hand, fruit hardness did not have a strong correlation with the visual parameters of the
image as indicated by small correlation coefficients of various visual parameters of the image with the
hardness of the orange. The biggest correlation coefficient only reached r = 0.114 from the relationship
between the average hue value and frdness. TSS of oranges stored in room temperature had a fairly
strong relationship with the average hue value of the HSV color model and the average chroma a* of
the CIE-Lab color model with coefficients determination of #* = 0.7473 and » = 0.7029, respectively.
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Figure 3. The changes of orange quality against time during storage in room and cold temperature: (a)

weight, (b) hardness, and (c) total soluble solid.
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Figure 4. Correlation between orange weight and binary image area.
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Figure 5. Correlation between orange total soluble solid and:

4. Conclusion
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Storage time (dav)
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(a) mean hue and (b) mean a*,

a. Binary area of orange image can be used to estimate changes in weight of orange fruits during

storage.

b. None of visual parameters of orange images can be used to estimate the hardness of oranges because

the correlation between them is very small.

c. TSS has a fairly strong relationship with the average hue value and the average chroma a* in room

temperature storage.
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