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	A B S T R A C T

	
Papaya fruit is one of the kings of fruit in Indonesia. It is said to be the king of fruit because it is rich in benefits and has good nutritional and vitamin content. Grouping the maturity of papaya fruit is very important. The difficulty in clarifying the ripeness of papaya fruit is based on its color features, and the grouping of papaya fruit ripeness is divided into several categories, namely ripe, semi-ripe and unripe. This research aims to predict the level of ripeness of papaya fruit using the K-Nearest Neighbor method using features obtained from extraction results with RGb and HSI images. The system that has been created can classify papaya fruit images into raw, semi-ripe and ripe classes. Programming includes identifying needs, analyzing problems, selecting algorithms, and determining the data structure to be used. The aim of program design is to create a good and effective design before starting to implement the program. The first stage is to design the program using the GUI tool from the Matlab application. In the second stage, the source code must be entered so that the program can be run. Papaya fruit samples that were tested for ripeness were obtained from taking images using several smartphone cameras and at different times. Some were taken during the day, some at night. Table 4. Shows that all of the images of papaya fruit samples are in accordance with the application of papaya ripeness levels. With test results showing that test accuracy reaches a perfect level of 100%. This indicates that the testing system used is able to accurately detect the ripeness of papaya fruit. The use of the K-Nearst Neighbor (K-NN) method has been successfully carried out in this research.
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Papaya fruit is one of the kings of fruit in Indonesia. It is said to be the king of fruit because it is rich in benefits and has good nutritional and vitamin content [1]. The highest nutritional content in papaya fruit is vitamin A [2]. Papaya is a fruit that has good nutritional value, and can be used in the form of fresh fruit and processed products [3]. A digital image is a two-dimensional array or a matrix whose elements represent the gray level of image elements [4]. In order to be processed by a digital computer, an image must be presented numerically with discrete values ​​[5]. Digital images are divided into several types, namely color images, gray scale images and binary images [6]. The use of papaya fruit has long been known by the Indonesian people, the fruit can be consumed fresh and in processed form (a mixture of sauces, sweets and pickles) [7]. Papaya is classified as a fruit with climacteric respiration [8].
With the development of technology, computers have been able to detect the ripeness of papaya fruit from the color characteristics of the fruit's skin. Digital image processing is part of technological developments that require machines (computers) to be able to recognize images like human vision [9]. Image processing is a method or technique that can be used to process images by manipulating them into the desired image data to obtain certain information [10]. In order to be processed by a digital computer, an image must be presented numerically with discrete values. The representation of continuous functions into discrete values ​​is called image digitization [11]. A color space is a specification of a spatial shape (plane, cone, cube, etc.) with coordinates and each color represented by a point within it. Color spaces aim to standardize color specifications [12].
Several processing processes on the images being tested will carry out an image extraction process using HSI images and then carrying out calculations using the K-Nearest Neighbor method [13]. The HSI model has the ability to separate the intensity of intrinsic color information [14]. The HSI color space is used to minimize the impact of uneven lighting on V images [15]. Application of the HSI color space transformation method used to detect fruit skin color [5]. The K-Nearst Neighbor (KNN) algorithm is a classification technique for objects based on the value (K) of their nearest neighbors [16][17][18][19]. Modeling of the H system in obtaining information by combining several color intensities obtained from the RGB image improvement compression process [20].
Based on the problems above, researchers aim to predict the level of ripeness of papaya fruit using the K-Nearest Neighbor method using features obtained from extraction results with RGb and HIS images [21]. In determining the level of fruit ripeness, color and texture are very important indicators [22]. Color pattern recognition is defined as retrieving raw data so that the system can act on previous data.
Inter-class image classification plays an important role in engineering and other computer vision applications [23]. The higher the image resolution, the higher the level of detail of the image [24]. Researchers have categorized papaya into three categories, namely immature, semi-ripe and ripe. papaya fruit knowing the level of maturity of the papaya fruit so that it can determine the level of maturity of the papaya fruit effectively [25].
The advantage of this research compared to previous research is that it can produce extraction values ​​that can be detected using the K-NN algorithm in the HSI color space transformation, so that more accurate classification results can be obtained. This research can help the public in choosing ripe papaya fruit.

METHODOLOGY

This research was conducted to detect the level of ripeness of papaya fruit using HSI images with the K-Nearest Neighbor (KNN) method. At this research stage, the features used are the color features R, G, B, which will then go through an extraction process to become an HSI image and be classified using the KNearest Neighbor (KNN) method. The research stages carried out in this study can be seen in Figure 1 below.

[image: ]
Figure 1. Research Phase Water Diagram

1. Formulation of the problem
Problem formulation usually produces ideas or solutions to the problem. Papaya fruit maturity is a dependent variable that wants to be identified from its color characteristics. Ripeness can be divided into categories, such as ripe, medium ripe and unripe.

2. Data collection
Data collection is the collection of relevant information, facts, or values ​​from various sources for research purposes. Good and structured data collection is the key to valid and reliable research results. Data collection was carried out by taking papaya fruit samples which were then tested with a fruit maturity recognition model using HSI color space transformation.

3. Program Design
Program design is the design and preparation of the steps necessary to develop a computer program. Programming includes identifying needs, analyzing problems, selecting algorithms, and determining the data structures to be used. The aim of program design is to create a good and effective design before starting to implement the program. The first stage is to design the program using the GUI tool from the Matlab application. In the second stage, the source code must be entered so that the program can run.

4. Testing Using Photos of Papaya Fruit
Testing using fruit photos refers to the process of using images or photos of fruit as test data to test and validate fruit ripeness detection models or algorithms. An illustration of the test is in Figure 2. Based on Figure 2, the test was carried out using a sample photo of papaya fruit, then the photo of papaya fruit was called first then went through the RGB value calculation process, then went through the RGB to HSI transformation process, and produced the calculated image.

[image: ]
Figure 2. Water Diagram of Testing Stages

5. Image Results Analysis
There are three stages of analysis carried out, namely RGB value analysis, RGB to HSI transformation analysis and analysis of the calculated image results. RGB analysis is determining which fruit is unripe, half-ripe, and ripe. Then it is transformed into HIS which is the stage where the testing process is carried out on each image.





RESULTS AND DISCUSSION

At the analysis stage, testing was carried out based on the results of detecting the color of the papaya fruit. Photos of papaya fruit obtained came from gardens, markets and minimarkets. The number of samples used for the analysis process was 9 images with the extension *jpg. Can be seen in Figure 3. is the sample that has been collected.
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Figure 3. Papaya fruit sample

The results of the program that has been created and run can be seen in Figure 4. This stage is the process of implementing the system that has been built and then testing is carried out to obtain the value for each image tested.
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Figure 4. Program Run Results

The results of testing photo samples of papaya fruit contained 9 results according to the number of samples available. One of the results can be seen in Figure 5. The image of the papaya fruit in *jpg format is input image then feature extraction then the system will calculate the RGB by transforming the RGB color system to the HSI color system.

[image: ]
Figure 5. Sample Run Results

The processed samples will be processed using the HSI color transformation method. Where samples were taken of 3 ripe papayas, 3 half-ripe papayas and 3 unripe papayas as range data to determine the classification of fruit ripeness. The image of the papaya fruit in *jpg format was calculated using RGB transformation from the RGB color system to the HSI color system. Can be seen in Table 1 and Table 2.

Table 1. Range of RGB Values
	Test
Picture
	Range
	Uji
	Range
	Test
Picture
	Range

	
	R
	G
	B
	Gambar
	R
	G
	B
	
	R
	G
	B

	[image: ]
	0.96863
	0.92157
	0.93203
	[image: A yellow and green fruit

Description automatically generated]
	0.93333
	0.90196

	0.95686
	[image: A green vegetable on a white background

Description automatically generated]
	0.9451

	0.94118
	0.96471


	[image: A yellow and green fruit

Description automatically generated]
	0.85098

	0.91373
	0.98039
	[image: ]
	0.88627
	0.9098

	0.97255
	[image: A green vegetable on a white surface

Description automatically generated]
	0.86667

	0.85098
	0.95686


	[image: A yellow fruit on a white surface

Description automatically generated]
	0.85098
	0.92549
	1
	[image: ]
	0.95686
	1
	0.89935
	[image: A green vegetable on a white surface

Description automatically generated]
	0.96863

	0.92157
	0.98431



Table 2. Range of RGB to HSI Transformation Values
	Test
Picture
	Range
	Uji
	Range
	Test
Picture
	Range

	
	H
	S
	I
	Gambar
	H
	S
	I
	
	H
	S
	I

	[image: ]
	0.5
	1
	0.93203

	[image: A yellow and green fruit

Description automatically generated]
	0.5
	1
	0.9098
	[image: A green vegetable on a white background

Description automatically generated]
	0.46974
	1
	0.95033

	[image: A yellow and green fruit

Description automatically generated]
	0.5
	1
	0.88105

	[image: ]
	0.5
	1
	0.92288
	[image: A green vegetable on a white surface

Description automatically generated]
	0.5
	0.6087
	0.89815

	[image: A yellow fruit on a white surface

Description automatically generated]
	0.5
	1
	0.89673
	[image: ]
	0.5
	1
	0.89935
	[image: A green vegetable on a white surface

Description automatically generated]
	00.46974
	1
	0.95817



After processing the image, we then checked the classification of the papaya fruit image according to the papaya maturity phase. Calculation of the minimum value, maximum H, minimum value, maximum S and minimum value, maximum I, is able to detect the color of papaya fruit by matching the data range of papaya color values ​​which is the reference in papaya color classification. Seen in Table 3.

Table 3. Range of Papaya Fruit Maturity Categories
	Range
	Range
	Range
	Category

	
	Min
	Max
	
	Min
	Max
	
	Min
	Max
	

	H
	0.5
	0.5
	S
	1
	1
	I
	0.88105
	0.93203
	Ripe

	H
	0.5
	0.5
	S
	1
	1
	I
	0.89935
	0.92288
	Half-baked

	H
	00.46974
	0.5
	S
	0.6087
	0.5
	I
	0.89815
	0.98431
	Raw



Table 4. Calculated Papaya Fruit Detection Results
	No
	The calculation results
	Maturity
	Description

	
	Sample
	H
	S
	I
	Aplikasi
	

	1
	[image: ]
	0.5
	1
	0.93203
	Ripe
	In accordance

	2
	[image: A yellow and green fruit

Description automatically generated]
	0.5
	1
	0.9098
	Half-baked
	In accordance

	3
	[image: A green vegetable on a white background

Description automatically generated]
	0.46974
	1
	0.89815
	Raw
	In accordance

	4
	[image: A yellow and green fruit

Description automatically generated]
	0.5
	1
	0.88105
	Ripe
	In accordance

	5
	[image: ]
	0.5
	1
	0.92288
	Half-baked
	In accordance

	6
	[image: A green vegetable on a white surface

Description automatically generated]
	0.5
	0.6087
	0.89815
	Raw
	In accordance

	7
	[image: A yellow fruit on a white surface

Description automatically generated]
	0.5
	1
	0.89673
	Ripe
	In accordance

	8
	[image: ]
	0.5
	1
	0.89935
	Half-baked
	In accordance

	9
	[image: A green vegetable on a white surface

Description automatically generated]
	00.46974
	1
	0.95817
	Raw
	In accordance



Papaya fruit samples that were tested for ripeness were obtained from taking images using several smartphone cameras and at different times. Some were taken during the day, some at night. Table 4. Shows that all of the images of papaya fruit samples are in accordance with the application of papaya ripeness levels. With test results showing that test accuracy reaches a perfect level of 100%. This indicates that the testing system used is able to accurately detect the ripeness of papaya fruit. The use of the K-Nearst Neighbor (K-NN) method has been successfully carried out in this research.
In previous research, this method was tested with 9 images and the results achieved were 89% [26]. In this research, it was further developed using 30 image samples and achieved 100% accuracy.


CONCLUSION

Based on the results of the application experiment, the system that has been created can classify images of papaya fruit into raw, semi-ripe and ripe classes. The papaya fruit maturity level classification system with 9 papaya fruit data divided into 3 with raw, 3 semi-ripe, and 3 ripe ripeness levels can be implemented well. Applications built using the HSI color model with the HIS color space transformation method obtained 100% accuracy.
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