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Abstract

Dragon fruit is a unique fruit that is popular in Indonesia. besides having a sweet
taste, this fruit also contains fiber, vitamins and minerals that are good for health.
Dinas Pertanian Kabupaten Banyuwangi noted that the total dragon fruit
production was 906,511.61 tons and the total productivity was 261.14 Kw/Ha in
2018. This shows that Kabupaten Banyuwangi is one of the largest producers of
red dragon fruit in East Java Province. One of the issues determining the quality of
dragon fruit is choosing the time to harvest, because dragon fruit is a climate-
averse fruit. Non-climateric fruit is when we harvest fruit in its raw state, the fruit
will never become ripe, so determining the harvest time for dragon fruit is very
important. The determination made by paying discoloration and sizes of dragon
fruit that is considered less effective. To overcome this, a system has been created
that can automatically determine the ripeness of dragon fruit using digital image
processing techniques and intelligent systems. The parameters used are color
features and GLCM texture features using angles 0°, 45°, 90° and 135° These
features are parameters in the classification process using the Naive Bayes method.
Naive bayes can classify the ripeness of red dragon fruit (Hylocereus costaricensis)
with 87.37% accuracy.

@ﬁ This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited. ©2021 by author.

l. INTRODUCTION -11 PT

Dragon fruit has another name, namely Pitaya, which is currently cultivated in Southeast Asian countries
such as Indonesia. The demand for dragon fruit tends to increase every year with annual productivity of 24-
30 tons/ha[1]. Dinas Pertanian Kabupaten Banyuwangi noted that the total dragon fruit production was
906,511.61 tons and the total productivity was 261.14 Kw/Ha in 2018, while the dragon fruit centers are in
sub-districts such as Bangorejo, Purworejo, Pesanggaran, Siliragung, Muncar and Tegal[2]. This shows that
Kabupaten Banyuwangi is one of the largest producers of red dragon fruit in East Java Province. Dragon
fruit is favored by the public because of its unique appearance, sweet taste, and contains fiber, vitamins,
and minerals that are good for health. However, there are some issues to judge the quality of dragon fruit,
such as: fruit diseases, harvest time selection, post-harvest sorting and grading processes [3].
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Dragon fruit is also a non-climacteric fruit (the fruit will not ripen if it is harvested raw) so that the
selection of harvest time is one of the determining factors for the quality of dragon fruit. One of the post-
harvest handling of dragon fruit is checking the quality of ripeness of dragon fruit products that have been
harvested[4]. Inspection and control of dragon fruit maturity is a very important issue in the management
of dragon fruit products. The process of determining the level of maturity of dragon fruit is conventional
and there are many obstacles too. The determination is usually by paying attention to changes in the color
and size of the dragon fruit. This method is considered less effective if the dragon fruit harvest is very large
and there is also a lack of manpower during the dragon fruit sorting process. Sometimes a lot of dragon
fruit that is not actually harvestable is also sorted, causing a decrease in the quality of the dragon fruit. To
overcome this, we use digital image processing techniques and intelligent systems that aim to determine
the level of maturity of the dragon fruit automatically so that there is no need to damage the dragon fruit
itself.

This research is part of previous research, namely the classification system for the quality sorting of white
dragon fruit (Hylocereus undatus) and red dragon fruit (Hylocereus costaricensis). Previously, researchers
only focused on the classification of dragon fruit quality based on size, so in this study the focus was on the
classification of dragon fruit maturity levels which aimed to improve the quality of dragon fruit. There are
four classes as system output namely green dragon fruit, red-green dragon fruit, red-yellow dragon fruit and
red dragon fruit

1. RELATED WORKS (OPTIONAL) — 11 PT

Several other studies that serve as references for dragon fruit maturity, namely the design of a dragon
fruit ripeness quality sorting tool using the segmentation method based on the HSV color space[4]. Next,
identify the hylocereus image using the Discrate Cosine Transform method. In this study, the stages of color
conversion from the RGB color space to the grayscale color space were carried out, then the next stage was
edge detection. The system is capable of determining the ripeness of dragon fruit with 80% accuracy [5].
The implementation of the backpropagation technique for determining the ripeness of red dragon fruit uses
three ripeness levels of dragon fruit: fresh, ripe, and overripe. The achieved system accuracy is 96.67% [6].
The K-Nearest Neighbor method is also used to determine the ripeness of red dragon fruit. The input
parameters used are a combination of RGB color characteristics and statistical characteristics (mean), so
the accuracy of the system is 93.3%][7]. Another intelligent system used for classification is Naive Bayes
where the method uses a simple probability calculation but the method is quite reliable, especially on
numerical data[8]. The Naive Bayes classifier has also been used for classification in data mining [9],
identifying microscopic images of acute lymphoblastic leukemia (ALL) with 80% accuracy [8] and
classified fungal species according to first-order statistical characteristics with the highest accuracy rate of
98.75%][10]. Based on the results of the above explanation, Naive Bayes can be used in classifying with
high system accuracy.

This study is part of a previous study, a classification system for quality grading of white dragon fruit
(Hylocereus undatus) using backpropagation with a system accuracy of 86.67% [11]. We then compared
several classification methods such as K-Nearest Neighbor (KNN) and Naive Bayes methods to classify
the quality of red dragon fruit (Hylocereus costaricensis) and obtained a system accuracy of 85.33% (KNN).
and 86.67% (Naive Bayes) [12]. The focus of this study is the color classification of red dragon fruit
(Hylocereus costaricensis) ripeness using the Naive Bayes algorithm.

1. METHODS

In the study, several stages were performed to determine the ripeness of red dragon fruit, consisting of
image data acquisition of red dragon fruit, digital image processing techniques, and a classification process,
as shown in Figure 1.
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Fig. 1 The Stages of Research

A. Dragon Fruit Image Data

Srono sub-district is also one of the sub-districts in Banyuwangi Regency which has a fairly large
amount of dragon fruit production, which is 2235.5 tons in 2021, especially in Sumbersari village of 657.5
tons in 2020[13]. The process of taking red dragon fruit image data begins with placing the red dragon fruit
in a mini studio box. Then the researcher added 3 lights to the mini studio box. It aims to increase the
intensity of light so that the resulting image is free from shadows. The next step is to take an image from a
distance of 20 cm using a smartphone camera with 13 MP camera resolution, this step is shown in Figure
2.

Fig. 2 The Process of Retrieving Red Dragon Fruit Image Data

B. Digital Image Processing

This stage consists of two processes, namely preprocessing and feature extraction. The preprocessing
process is by cropping the image from the size of 4128 x 3096 pixels to 2301 x 2301 pixels. It aims to
reduce the size of the image so as to speed up the computational process. The color variations of the red
dragon fruit samples used were green dragon fruit, green-red dragon fruit, yellow-red dragon fruit and red
dragon fruit then are shown in Figure 3.
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Fig. 3 (a) green dragon fruit, (b) green-red dragon fruit, (c) yellow-red dragon fruit and (d) red dragon fruit
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C. Combination Extraction Features Color and Texture

Parameters that distinguish the maturity level of dragon fruit based on the color of the dragon fruit, so to
take its unigue characteristics we use color and texture feature extraction. Find the characteristic values for
the red, green, and blue components of each dragon fruit image to get the color characteristic. The RGB
value can be used as a comparison parameter because the average RGB value of each object can be different
from each other as shown in Figure 4. The RGB color model is expressed in the form of an RGB color
index with the following formula :

R
Index Red Color = (R+_GG+B’) 1)
Index Green Color = (R+BTB) (2
Index Blue Color =m (©)
Class (@) (b) (c)

&

&
® 5
8 7 B
¢ @

Fig. 4 Image results for splitting components (a) red, (b) green and (c) blue

-

Figure 4 shows that the image of the green component has a significant difference for all classes. Then the
image of the green component is used as input in finding the texture value in each class. The texture feature
extraction used is the feature of the Gray Level Co-Occurrence Matrix (GLCM). GLCM has a square matrix
NxN values where N represents the number of gray levels in the image.

The element p(i,j,d,0) of the GLCM image represents the relative frequency, where 1 with distance d and
direction from position (x,y). The distance (d) used is usually 1 pixel, and the angular direction used is
usually 0°, 45°, 90° and 135° [14].The first step to calculate the GLCM feature is to convert the RGB image
into a scaled image (greyscale image) then determine the pixel composition and do the number of pixel
pairs then create a co-occurance matrix with the transpose matrix. The next step is to normalize the
symmetric matrix by calculating the probability of each matrix element so that the GLCM matrix is obtained
[15]. The mathematical formulation of texture features is described by the following equations.
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ASM = ZFZ (GLCM (i, ))* 4)

Contrast = ZL:Z li — jI*PGLCM(,j) (5)
IDM = z Z (ff::(_lj ;) (6)

entropy =— Zl Zl (GLCM(1, j))log (GLCM(i. j)) (7
correlation = ZZ ¢=u)G _:?;FGLC‘&,(i'j):) )]

D. Combination Extraction Features Color and Texture

Naive Bayes classifiers are classifications based on the conditional probabilities of random variables
(class variables) by providing known observations about the values of another set of random variables
(characteristic variables) and are common in probability and statistics used for purposes[10]. The advantage
of using the Naive Bayes method is that it is relatively easy to implement, efficient to train, can work with
binary or polynomial data, and is assumed to be independent, so the method can be implemented on a wide
range of datasets is [16]. The formula for the Naive Bayes theorem is as follows :

P(Y) [T=, P (X:IY) 9)
P(X)

P(Y|X) =

P(Y|X) . probability of data with vector X in class Y
P(Y) - initial probability class Y (prior probability)

q
=1 PCAIY) - class v independent probability of all features in vector X
P(X) : probability of X

V. RESULTS AND DISCUSSIONS

In this research, the very big influence is the digital image processing process, especially in the extraction
of features on the dragon fruit image. Based on the results of Figure 4, the color feature used in this research
is the green color feature. This is because the green color feature can represent the colors of the four classes.
Then the green color feature is also used as input for the texture feature extraction process using GLCM.
Some of the features used are ASM, Contrast, IDM, Entropy and Correlation. The five features are taken
with 4 angles, namely 0°, 45°, 90° and 135°. The results of GLCM trait parameters among dragon fruit
classes at 0° angle are shown in Table 1. This table shows that only contrast and entropy values can be used
for the classification process. This is because the ASM, IDM, and correlation feature values cannot be used
because some classes have values that are close to (similar) to other classes on these features. For example,
at an angle of 0°, the ASM feature in the Green class has a value of 0.435745, while the Green_Red class
has a value of 0.467155 and the Yellow_Red class has a value of 0.457575. The similarity of these values
will have an impact on errors in the classification process.
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Table 1. The results of the GLCM feature in each Class at an angle of 0°

Color class of dragon fruit maturity level

Feature Green Green-Red Yellow-Red Red
ASM 0° 0,435745 0,467155 0,457575 0,612382
Contrast 0° 18,75906 16,07771 12,00043 11,84269
IDM 0° 0,758708 0,787144 0,81297 0,855201
Entropy 0° 3,121656 2,915454 2,920368 2,05192
Correlation 0° 0,000571 0,000695 0,001007 0,002156

The total parameters used are 9 parameters. These parameters are used as input for the Naive Bayes
method. Naive Bayes is a machine learning technique that uses probability calculations and simple
statistics. The selection of Naive Bayes as a method for classifying is because each attribute used for
classification will contribute to decision making with the weights of each attribute. The weight of each
attribute has an equal importance in the classification process. The number of training data used are 225
images, consisting of 53 green data, 46 green-red data, 63 yellow-red data and 63 red data. While the testing
data used were 95 images, consisting of 22 green data, 19 green-red data, 27 yellow-red data and 27 red
data. In the training process, the method of calculating cross validation is used. Cross validation is a
statistical method that can be used to evaluate the performance of a model or algorithm where the system
randomly divides data into two data, namely training and testing data. The percentage used is 70% the
amount of data as training data and 30% as testing data. To determine the level of system accuracy is
calculated using the calculation of the confusion matrix. The system testing is display as shown in Figure
5.
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Fig. 5 Display application results of system testing

Figure 5 shows that we have 70% of the total training data and 30% of the test data, the Naive Bayes method
performs the classification process, and the results are displayed in the Excel viewer. Each class is given a
code, namely code 1 for green, code 2 for red and green, code 3 for yellow red and code 4 for red. Based
on this figure, the Naive Bayes method can classify the ripeness of dragon fruit with 87.3684% or 87.37%
accuracy.

E-ISSN: 2621-4474, ISSN:2621-4458. 26



Fitri Zilvanhisna Emka
Applied Technology and Computing Science Journal, Vol. 5, No. 1, June 2022, 21-28

V. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of this study, it can be concluded that image processing techniques, especially the
feature selection process, greatly affect the level of accuracy of the Naive Bayes system in classifying
images of dragon fruit maturity levels into 4 classes, namely green class, red-green class, yellow-red class
and red class. The accuracy of the system determined using test data according to the Naive Bayes method
is 87.37%. The Naive Bayes classification accuracy values in this study did not reach 100%. This is because
the feature extraction result values for a particular class have similar values, which complicates the
classification process. To improve the results, another classification method is needed as a comparison to
obtain an effective and accurate method for determining the ripeness of red dragon fruit (Hylocereus
costaricensis).
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