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Abstract

This study explores the efficacy of the Support Vector Machine (SVM) method in
classifying mangosteen fruit images based on six ripeness levels. Employing SVM enables
nonlinear data classification and simultaneous utilization of multiple feature extractions,
resulting in enhanced accuracy. Analysis reveals that models integrating three feature
extractions outperform those with only two. With ample training data and optimized
parameters, SVM achieves detection accuracy exceeding 90%. However, algorithmic
enhancements are necessary to compute RGB color index values for all pixels on
mangosteen skin surfaces, possibly through circular-shaped windows approximating the
fruit's contour. Moreover, comparative assessments of RGB color system calculations
against alternative systems such as HSI are crucial for selecting the most suitable color
model in alignment with human perception.
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1. Introduction

Mangosteen, known for its unique sweetness and sourness, fragrance, and elegant
appearance, is a prestigious tropical fruit with monikers like "Queen of Fruit" and
"Pearl of the Jungle." With abundant yield, it ranks second in Indonesia after bananas
since 1995 [1]. The international demand for mangosteen has surged from 2014 to 2015,
but its short shelf life in tropical conditions requires accurate ripeness classification. Current
manual methods are labor-intensive and subjective, highlighting the need for automated
techniques like the Support Vector Machine (SVM) to improve precision and efficiency
[2].

The SVM algorithm, renowned for its capability to classify non-linear data and handle
multiple feature extractions simultaneously, presents a promising avenue for mangosteen
ripeness classification [3]. The study investigates the use of Support Vector Machine
(SVM) to categorize mangosteen ripeness into six levels, aiming to improve the
classification process and contribute to the advancement of automated fruit classification
techniques by overcoming human-based limitations [4]. The study aimed to improve the
use of digital imaging SVM to establish the non-destructive analysis on classification of
mangosteen maturity stages, which is very important in agricultural practices.

2. Related Works

In research about fruit classification utilizing digital image processing, various
approaches have been explored to classify fruits based on factors like form, size, skin color,
and ripeness. Tomato classification using Mean Opinion Score (MOS) achieved highest
accuracy rates for shape (86.17%), size (84.04%), and ripeness (80.85%) classifications [5].
Integration of RGB color feature extraction with physical factors to assess mangosteen
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ripeness yielded 37% accuracy with sugar content categorization and 63% accuracy with
hardness-based classification, indicating moderate precision. The utilization of a fuzzy
neural network for mangosteen ripeness identification faced limitations due to reliance on
two input parameters only [6].

In contrast, a multi-SVM approach for tomato maturity classification achieved 86.7%
accuracy with RGB mean enhancement and 76.7% with pixel index replacement
enhancement [7]. Support Vector Machines are highly effective tools for multi-class
classification tasks due to their resilience against irrelevant features, efficient handling of
multiple feature extractions, and robust non-linear classification capabilities [8].

3. Method

The research methodology commences with data acquisition, encompassing the
collection and transformation of primary data into processable formats, succeeded by
labeling/grouping, preprocessing, feature extraction, and ultimately, data
classification.

3.1. Data Acquisition

In the data acquisition stage, the first step involves inputting primary data in the
form of photos, then counting the number of frames, iterating through frame scanning,
writing frames into images, and ending with naming the images according to the frame
sequence [9].

3.2. Labelling and Grouping

This study uses manual categorization of mangosteen fruit images into six ripeness
classes, with each class receiving equal allocation. The data is then used for training
and program accuracy evaluation. Data grouping involves folder reading, sequential
file collection, total file counting, and division into six datasets corresponding to the
manually determined ripeness classes [10].

3.3. Data Pre-processing

Image preprocessing involves cropping, cutting, and removing the central part of
a mangosteen fruit image for accurate RGB value extraction. It ensures uniform image
sizes and obtains RGB values for further processing. The feature extraction stage
explains further image preprocessing interrelated steps [11].

3.4. Extraction of Image Features
3.4.1 Sum of RGB

The Sum of RGB feature extraction process involves calculating the sum of values
in each R, G, and B component in mangosteen fruit images, which have different
colours at different ripeness levels. This process starts with acquiring image data,
extracting R, G, and B values, and then summarizing the values in each component
[12].

3.4.2 Mean of RGB

The next feature extraction involves finding the mean value of each R, G, and B
component from the input image. The process starts with data acquisition, followed by
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extracting R, G, and B values, summing them up, and counting the number of pixels in the
image. Finally, the Mean of RGB is calculated by dividing each sum of R, G, and B values
by the number of pixels in the image [13].

3.4.3 Standard deviation of RGB

The final feature extraction involves finding the standard deviation values of each R, G,
and B component in the image. The process starts with image data acquisition, followed by
extracting R, G, and B values. Finally, the standard deviation values of each R, G, and B
component in the image are calculated [14].

3.5. Classification

Classification entails the practice of categorizing data by utilizing extracted
Classification involves categorizing data using extracted values through training and
testing. Support Vector Machine (SVM) models are created using different feature
combinations. After training, the model is tested to identify misclassification and
necessary modifications are made [15].

3.6. Calculation of Accuracy

Accuracy evaluation compares program-detected outcomes with manually classified
outcomes, quantified as a percentage using a formula. It measures the program's
achievement by dividing the number of correctly detected images by the total number of
images and multiplying by 100%.

4. Results and Discussion
4.1. Data Acquisition

Data is captured using a digital camera positioned at a consistent distance of
approximately 50 cm and with a resolution of 6000 x 4000. Each photo contains three
mangosteen fruits of the same class to expedite data collection. Subsequently, cropping is
performed for each mangosteen fruit, resizing them to 1024 x 1024 resolution.

4.2. Labelling and Grouping

Labeling and grouping are conducted post data acquisition, where image names are
modified based on their classes. Mangosteen images in class 1 are labeled as sa, class 2 as
sb, class 3 as sc, class 4 as sd, class 5 as se, and class 6 as sf. The naming convention follows
the class designation followed by image sequence. An array representing groups is
generated in the program, comprising a total of 96 entries, with 16 images for each class.

4.3. Pre-processing

Sampled images have a resolution of 1024 x 1024. To simplify the accurate retrieval of
RGB values, cropping is performed on the central portion of mangosteen fruit images using
Adobe Photoshop CS6, resulting in a size of 352 x 352 pixels. This process significantly
impacts obtaining more accurate RGB values and ensures uniform image sizes.

4.4. Feature Extraction

The feature extraction process begins with Sum of RGB, which calculates the total
values of the R, G, and B components in the image. Notably, Sum of Red extraction showed
differing values among classes 1, 2, and 3, while classes 4, 5, and 6 exhibited identical
values (Figure 1a). Likewise, Sum of Green extraction displayed variation between classes
1 and 2, with classes 3, 4, 5, and 6 sharing identical values (Figure 1b). The resulting data
showcased unique vertical scatter patterns, denoted by different shapes and colors
representing each class: red circles for class 1, yellow squares for class 2, green crosses for
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class 3, brown plus signs for class 4, blue stars for class 5, and purple triangles for class 6.
Additionally, Sum of Blue extraction revealed shared values between classes 1 and 6, while
classes 2, 3, 4, and 5 exhibited identical values (Figure Ic), reaffirming distinct class
representations in the data. The result is similar with previous studies [2,3,4].
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Figure 1 Sum of RGB (a) Red, (b) Green, (c) Blue

Mean of RGB represents the image based on the average values of each R, G, and B
component. For Mean of Red feature extraction, differing values were observed for
mangosteen image data in classes 1, 2, and 3, while classes 4, 5, and 6 shared identical
values (Figure 2a). Similarly, Mean of Green feature extraction showed differing values for
classes 1 and 2, whereas classes 3, 4, 5, and 6 shared the same values (Figure 2b). Regarding
Mean of Blue feature extraction, all classes, including 1, 2, 3,4, 5, and 6, exhibited identical
values (Figure 3c). Each class is represented by distinct shapes and colors in the
visualization.
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Figure 2 Mean of RGB (a) Red, (b) Green, (c) Blue

The next feature extraction is to find the standard deviation values of each R, G, and B
component in the image. From the results of Standard Deviation of Red, Standard Deviation
of Green, & Standard Deviation of Blue feature extraction, it is evident that all classes of
mangosteen image data, including classes 1, 2, 3, 4, 5, and 6, share identical values (see
Figures 1d, le, & 1f). Each class is represented by distinct shapes and colors in the
visualization.
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Figure 3 Standard Deviation RGB (a) Red, (b) Green, (c) Blue
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4.5. Classification and Validation

The study used Support Vector Machine (SVM) for classification and 4-Fold Cross
Validation for validation. The process involved training and testing with 96 images per fold.
Results showed that SVM models with Sum of RGB & Standard Deviation of RGB and
Mean of RGB & Standard Deviation of RGB had low accuracy due to color similarity in
manually selected mangosteen fruits. However, all SVM models showed improved
accuracy in Fold 2, with some misclassifications persisting. Fold 3 showed further accuracy
improvement due to precise input image composition. Fold 4 experienced a slight decrease
in accuracy due to color similarity in training data. Overall, models using three feature
extractions achieved better accuracy, and these are consistent with previous researches
[2,3.4]

5. Conclusion

The Support Vector Machine method classifies mangosteen fruit images with six
ripeness levels using nonlinear data classification and multiple feature extractions.
Models with three feature extractions have superior accuracy. With sufficient training
data and proper parameters, it achieves detection accuracy exceeding 90%. However,
algorithm refinements are needed to calculate RGB color index values for all pixels
on the mangosteen skin surface and compare RGB color system calculations with
other color systems like HSI. Future works needed to establish the program into a
device that is applicable in agricultural practices.
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