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Abstract

Mango is a seasonal fruit that is commonly known by people in Indonesia. This fruit that comes from
India has many types that are widely favored by the people of Indonesia. However, in the case of the
ripeness of this mango fruit, there are mangoes that have a fairly ripe color but after being purchased
the mango is not fully ripe and there are also colors that we see ripe are actually fully ripe. The
purpose of this study is to classify mangoes based on their level of ripeness using the color feature.
Classification is carried out using the SVM and Naive Bayes methods. The dataset used is 3 types of
mangoes with 180 data samples, namely 60 unripe mangoes, 60 half-ripe, and 60 ripe. The accuracy
results obtained by the Naive Bayes method are 69% while the accuracy results obtained by the SVM
method are 86%. The results of this study indicate that the SVM method is more efficient and effective
in classifying mangoes based on their level of ripeness.

Keywords: Classification, SVM, Naive Bayes, Image Processing.

Introduction

In the era of rapid technological advances in globalization, information technology and pattern recognition
have become an inseparable part of everyday life. Advances in computers, image processing, artificial
intelligence, and statistics have opened up opportunities to understand and utilize complex patterns contained
in data (Salim et al.,, 2023). The development of information technology has influenced various aspects of
people's lives, including how to do business and interact in trade. One of the biggest changes that has occurred
as a result of technological developments is image processing involving food elements. Now image processing
is not only about medical but now it can be towards the world of food technology. Nowadays, images are one
form of information that humans need besides text, sound and video. The information contained in an image
can be interpreted differently by one another. Developments in image processing have involved advances in
computing technology, especially in pattern recognition, object analysis, and image manipulation. And color
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image processing involves improving color image analysis and manipulation techniques(Costaner et al., 2024).
This plays an important role in various applications including photography, computer graphics, object
identification, medical imaging, and pattern recognition. This technology has a major impact on the
entertainment industry, health, automation, and many other sectors (Mukhti, 2022).

In Indonesia, mangoes are fertile plants. However, the selection of the type of mango itself is still done
manually, namely by selecting the type of mango by comparing the color. With the development of technology,
humans are interested in creating new things that are more useful in the future (Sugiyono & Dionta, 2023).
One of them is in the field of trade where technological advances are greatly assisted by us buying mangoes
with a level of ripeness based on the color of the mango. Mangoes are seasonal fruits that are commonly
known by people in Indonesia. This fruit, which originates from India, has many types that are widely favored
by the Indonesian people. Mango plants can grow well in lowlands and hot climates. However, there are also
those that can grow in areas that are 600 meters above sea level. The trunk of the mango tree is upright, with
fairly strong branches. The skin is thick and rough with many small gaps and scales from leaf stalks (Laia et al.,
2023). There are various types of mangoes circulating in the community, some of which are kweni mango,
fragrant sweet mango, gold mango. The process of grouping mangoes according to ripeness is always done
manually, especially based on the color of the mango. This manual sorting process certainly takes a lot of time,
therefore a way is needed to determine the type of mango quickly, accurately and easily (Harahap et al., 2025).

To address these challenges, there is a growing interest in developing automated systems for fruit
classification. Recent advancements in computer vision and machine learning offer promising solutions for
automating the detection and classification of agricultural products (Ukwuoma et al., 2022). Deep learning (DL),
a subfield of machine learning, has shown exceptional performance in image recognition tasks by utilizing
multi-layer structures to process image features efficiently (Ukwuoma et al., 2022). Convolutional Neural
Networks (CNNs), in particular, have become a cornerstone of image classification, capable of automatically
extracting robust features from images without the need for manual feature engineering (Ukwuoma et al.,
2022). The application of CNNs has been explored extensively for fruit detection, classification, and disease
identification, demonstrating high accuracy in various agricultural contexts. For instance, CNN-based methods
have been successfully used for important stages in fresh fruit production, including fruit flower detection, fruit
harvesting, and fruit grading (Wang et al., 2022). The lack of large, properly annotated public image datasets,
however, is a significant reason holding back the full establishment of CNN-based approaches for fruit quality
control tasks (de Moraes et al., 2023).

While deep learning models have shown state-of-the-art performance, traditional machine learning algorithms
such as Support Vector Machines (SVM) and Naive Bayes classifiers continue to be relevant and effective for
specific classification tasks. SVM, a linear learning method, is known for its ability to find an optimal hyperplane
to separate classes and can handle high-dimensional, non-linear data through the use of kernel functions
(Muchtar & Muchtar, 2024). Naive Bayes, a probabilistic classifier based on Bayes' theorem, is recognized for
its simplicity and efficiency, particularly under the assumption of feature independence (Saputra & Andriyani,
2025)

The use of image technology on mangoes can be compared with the Naive Bayes and Support Vector Machine
methods because these methods are good for determining the level of ripeness of mangoes based on color
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with accurate accuracy. Several previous studies have discussed the classification of mangoes based on
ripeness using LS-SVM. The study proposed the GLCM method combined with K-means Clustering. With LS-
SVM for fragrant sweet mangoes, manalagi mangoes, and kent mangoes, each type consists of 40 raw mango
data and 40 ripe data. The results of the LS-SVM classification using the GLCM method and K-means Clustering
for feature extraction obtained an accuracy value of 98.33% on the test data (Wardani et al., 2021). So the
researcher wants to apply the classification of mangoes based on the level of ripeness using the SVM and Naive
Bayes methods by comparing the 2 methods with accurate accuracy results. Naive Bayes Classifier is a
classification method rooted in Bayes' theorem. Classification method using probability and statistical methods
proposed by British scientist Thomas Bayes. The main characteristic of this Naive Bayes Classifier is a very
strong assumption (naive) of the independence of each condition / event (Saputra & Andriyani, 2025). Support
Vector Machine is one of the good Classification methods in solving problems for two classes, research
involving real cases tends to include multiclass cases (Muchtar & Muchtar, 2024). So the SVM method can solve
the problem in this study, especially in food, especially the classification of the level of ripeness in mangoes.

In the case of the ripeness of this mango, sometimes there are mangoes that have a fairly ripe color but when
purchased it turns out that the mango is not fully ripe and there are also colors that we see ripe are actually
fully ripe (Zain et al., 2021 ; Rahmaniar et al., 2024). So this study aims to determine the ripeness of mangoes
using the SVM and Naive Bayes methods where in these 2 methods the accuracy will be determined where the
highest accuracy will determine the direction of the ripeness of the mango. The use of this method is expected
to be able to be used to classify mangoes based on the color features of the mango and obtain optimal
accuracy results.

Materials and Methods

The stages of research into mango fruit classification based on ripeness level using the SVM and Naive Bayes
methods are as follows.

Identifikasi Masalah

Studi Literatur dan Observasi

ataset
Pengambilan Dataset Dataset Public
Secara Langsung
Awal

Klasifikasi SVM dan
NBC

Klasifikasi SVM dan
NBC

Figure 1 Image of Research Stages

The explanation in the research stages image above is as follows:
1. Problem Identification
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The problem identified in this study is to apply a comparison between the Naive Bayes method and Support
Vector Machine to determine the level of ripeness of mango fruit.

2. Literature Study and Field Observation

In this study, observations will be carried out to determine the mango fruit to be studied. The observation
places that are passed through are traditional markets such as the Pekanbaru central market, the Pekanbaru
lower market, and the Pekanbaru rumbai market. In modern markets such as the Pekanbaru Hawaii market,
the Pekanbaru Sudirman fruit market, and the Pekanbaru jackfruit market.

3. Data Collection

In this stage, dataset collection is carried out in this study. The dataset used in this study is 3 types of mango
fruit that were surveyed from traditional and modern fruit markets and datasets from kaggle data and mango
photo datasets from google consisting of 60 gold mangoes, 60 sweet arum mangoes, and 60 kweni mangoes
with a total dataset of 180 mangoes.

4. Initial Processing

In the initial processing stage, namely entering and separating the dataset of 3 types of mangoes, the aim is to
improve the quality of the mango image. This processing is intended to prepare raw data to be processed by
the system.

5. Preprocessing
Resize is the process of changing the dimensions of the image so that each input image has a uniform pixel
resolution. The goal is to achieve the desired image results.

6. Naive Bayes Data Classification and Support Vector Machine

a. Naive Bayes Algorithm

Naive Bayes Classifier (NBC) is a simple probability classification based on Bayes' theorem. The "Bayes"
theorem is combined with "Naive" which means that each attribute or variable is free (independent). Naive
Bayes Classifier can be trained efficiently in supervised learning, the Naive Bayes Classifier process assumes
that the presence or absence of a feature in a class is unrelated to the presence or absence of other features in
the same class. Naive Bayes Classifier is included in supervised learning, so that at the learning stage initial data
in the form of training data is needed to be able to take decision data (Ellif et al., 2021).

Naive Bayes classification assumes that the presence or absence of certain characteristics of a class has nothing
to do with the characteristics of other classes so that it can be used with a good level of accuracy. Many studies
on classification have been carried out using this algorithm.

P(Cy) - TTi-y P(xi | C)

Naive Bayes formula P(C,| X) = P(X)

b. Support Vector Machine Algorithm

Support vector machine (SVM) was introduced by Vapnik in 1992. SVM is a linear learning method that
finds the optimal hyperline to separate two classes (positive and negative). SVM has the ability to apply high-
dimensional non-linear separators which makes SVM special by using its kernel function. There are several SVM
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kernels that can be used, but in a study, the kernels that are often used are linear, polynomial, radial basis
function (RBF).The process of training the learning algorithm is an optimization process where learning bias is
implemented. SVM has good performance to be implemented in bioinformatics, recognition, handwriting,
classification and so on.

Margin optimization min 3 ||w||? subject to y;(w” z; + b) > 1
SVM Kernel max ) a; — % > aiajyiyi K (zi, xj)
Prediction f(z) = sign (3 aiyi K (zi, z) + b)

7. Accuracy measurement

After training and testing, the next step is to calculate accuracy. Accuracy calculation is done to assess the
percentage of success of the SVM and Naive Bayes models in classifying images. Accuracy can also be a
benchmark in the comparison or development of SVM and Naive Bayes models to determine the level of
ripeness of mango fruit using fruit images

Results and Discussion

The following section outlines the experimental results and provides a comprehensive discussion in relation to
the research objectives.

1. Dataset Collection

The data used in this study are images of mangoes which are grouped into 3 types of mangoes, namely fragrant
sweet mangoes, kweni mangoes and gold Thailand mangoes with 3 classes, namely ripe, half-ripe and unripe.
The image is obtained by taking photos directly comparing the color of the mango as shown in the following
image. The number of datasets used is 800 data, where each class consists of 200 image data.

.

I n

(a. not cooked) (b. half cooked) (c. cooked)
Figure 2 Mango Dataset
2. Initial Processing
In this study, researchers use Google Colab in conducting research and analyze in detail each step taken. In
addition, several stages are utilized in this study.

a. Importing Dataset to Google Colab
At this stage, researchers will import the dataset in Google Colab, so that it can be called in the next step in
the research process. Below is the source code used by researchers:
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Table 1 Import coding

from google.colab import drive
drive.mount("/content/drive")

%cd /content/drive/MyDrive/Dataset_Skripsi/

import os
from pathlib import Path

os.listdir() # Menampilkan daftar nama file dan folder

b. Preprocessing Results

In this study, Resize was carried out to change the image dimensions so that each image has a uniform pixel
resolution, the initial image size of 1240 x 800 pixels was resized to 200 x 200 pixels with the intention of

getting the desired image results.

g

Figure 3 (a) Not reéized (b) resized

3. Classification of SVM

At the classification stage, there are various steps to implement the SVM and Naive Bayes algorithms. At the
SVM algorithm stage, namely finding the best kernel and C using Grid Search Cross Validation and then

determining accuracy. The following is the source code and results on the researcher's Google Colab.

Table 1. Classification results on the SVM algorithm.

L(I)T:tgisn Actual Prediction Classification Correctness
0 Gold Mango Half Ripe / WhatsApp Image 202... Gold Mango Half Ripe Gold Mango Half Ripe  Correct
1 Sweet Mango Unripe / healthy_205.jpg Sweet Mango Unripe Sweet Mango Unripe Correct
2 Sweet Mango Ripe / WhatsApp Image 2023-... Sweet Mango Ripe Sweet Mango Ripe Correct
3 Kweni Mango Half Ripe / WhatsApp Image 20... Kweni Mango Half Ripe E’;eeni Mango Half Correct
4 Sweet Mango Ripe / WhatsApp Image 2023-... Sweet Mango Ripe Sweet Mango Ripe Correct
5 Gold Mango Half Ripe / WhatsApp Image 202... Gold Mango Half Ripe Gold Mango Half Ripe  Correct
6 Gold Mango Unripe / WhatsApp Image 2024-0... Gold Mango Unripe Gold Mango Unripe Correct
7 Kweni Mango Half Ripe / WhatsApp Image 20... Kweni Mango Half Ripe Kweni Mango Unripe Incorrect
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33 Gold Mango Ripe / WhatsApp Image 2024-01-24... Gold Mango Ripe

34 Kweni Mango Half Ripe / WhatsApp Image 20... Kweni Mango Half Ripe

35 Gold Mango Unripe / WhatsApp Image 2024-0... Gold Mango Unripe

Gold Mango Ripe

Kweni Mango Unripe

Gold Mango Unripe

Correct

Incorrect

Correct

Based on the results of the mango image classification table using svm above that has been analyzed, it can be
concluded that the model has excellent performance with an accuracy level reaching 82%, where 31 of 36
images were successfully classified correctly. The majority of errors that occurred were not caused by

inaccuracy in recognizing the type of mango variety, but rather the model's ability to distinguish the level of
ripeness of the fruit. All classification errors were recorded in the prediction of the Half Ripe class which was
consistently classified as Unripe. This indicates that the visual characteristics between the two levels of
ripeness are very similar, making it difficult for the model to distinguish them. Furthermore, the results of the

Navi Bayes classification can be seen in the table below.

Table 2. Classification results on the Navy Bayes algorithm.

Image

S Actual Prediction Classification Correctness
Location

0 Mango Gold Half Ripe / WhatsApp Image 202... Mango Gold Half Ripe Mango Gold Half Ripe  Correct

) Mango Sweet Unripe / healthy_205.jpg Mango Sweet Unripe Mango Sweet Unripe Correct
Mango Sweet Ripe / WhatsApp Image 2023-... Mango Sweet Ripe Mango Sweet Half Incorrect

2 Ripe

3 Mango Kweni Half Ripe / WhatsApp Image 20... Mango Kweni Half Ripe Mango Kweni Ripe Incorrect

4 Mango Sweet Ripe / WhatsApp Image 2023-... Mango Sweet Ripe Mango Sweet Ripe Correct

5 Mango Gold Half Ripe / WhatsApp Image 202... Mango Gold Half Ripe Mango Gold Half Ripe  Correct

6 Mango Gold Unripe / WhatsApp Image 2024-0... Mango Gold Unripe Mango Gold Unripe Correct

; Mango Kweni Half Ripe / WhatsApp Image 20... Mango Kweni Half Ripe Mango Kweni Unripe Incorrect

3 Mango Kweni Unripe / 6.jpeg Mango Kweni Unripe Mango Kweni Unripe Correct
Mango Kweni Unripe / 14.jpeg Mango Kweni Unripe Mango Kweni Half Incorrect

9 Ripe
Mango Sweet Half Ripe / WhatsApp Image ... Mango Sweet Half Ripe Mango Sweet Half Correct

10 Ripe

1 Mango Sweet Ripe / WhatsApp Image 2023-... Mango Sweet Ripe Mango Sweet Ripe Correct

T Mango Kweni Half Ripe / WhatsApp Image 20... Mango Kweni Half Ripe Mango Kweni Unripe Incorrect
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The results of the mango image classification in the table above using the Naive Bayes algorithm show that out
of a total of 36 test data sets, 26 were correctly classified, while the remaining 10 were misclassified. This
resulted in an accuracy rate of approximately 69 %. In general, the model was able to recognize most mango
varieties and ripeness levels well, especially in categories with contrasting visual characteristics, such as Unripe
Gold Mangoes or Unripe Cotton candy Mangoes.

However, several consistent errors were found, particularly in the classification of adjacent ripeness levels,
such as ripe, half-ripe, and unripe. For example, some images of ripe mangoes were classified as half-ripe, and
vice versa. This indicates that the model has difficulty distinguishing subtle visual features between similar
ripeness stages. Furthermore, although relatively rare, some errors between varieties were also found, such as
when Kweni Mangoes were classified as Gold Mangoes, indicating overlap in visual representation between
varieties that may not have been optimally captured by the model.

Based on the results of the SVM and Navi Bayes classification above, an evaluation of both models was carried
out using confusion metrics to determine the level of accuracy, precision, recall and F1 Score as follows.

Confusion Matrix - Support Vector Machine Confusion Matrix - Naive Bayes

L.

Kweni Mango Ripe - 0 o 0 o 2 0 o 0 o -3 Mango Kweni Ripe - 0 o 1 o 1 0 o o o

Actual Label
Actual

Kweni Mango Unripe - 0 [ o 0 0 3 o o o Mango Kweni Unripe - 0 o 1 0 2 0 o o o -2

Sweet Mango Half Ripe - 0 o o o o 0 3 o o Mango Sweet Half Ripe - 0 0 0 o 0 [ 2 0 1

Sweet Mango Ripe - 0 o 0 ° 0 0 1 o -1 Mango Sweet Ripe - 0 o o o 0 0 2 o

Sweet Mango Unripe - 0 [ o o o o o o Mango Sweet Unripe - 0 o o o 0 0 o 0

predicted Label Predicted

Figure 4 Confusion Metrics of SVM and Naive Bayes

The evaluation results of the classification models using Support Vector Machine (SVM) and Naive Bayes (NB)
showed significant differences in the ability to identify ripeness classes and mango varieties. Based on the
confusion matrix and the True Positive (TP), False Positive (FP), True Negative (TN), and False Negative (FN)
values per class, SVM demonstrated more consistent performance than Naive Bayes.

The SVM model successfully classified most classes with perfect accuracy, particularly for classes such as Gold
Mango Half-Ripe, Gold Mango Ripe, Gold Mango Unripe, and Sweet Mango Unripe, which achieved perfect TP
with no errors (FN=0 and FP=0). However, its weakness was in detecting the Kweni Mango Half-Ripe class,
which had a relatively high FN (FN=4), and Kweni Mango Ripe, which had an FP=4, indicating misprediction
from other classes to these classes. Meanwhile, the Naive Bayes model showed a tendency to decline in
performance, particularly in the Kweni Mango Unripe class, which failed to detect any errors (TP=0, FN=3), and
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Kweni Mango Ripe, which generated many errors (FP=5, FN=1). Furthermore, the NB model also showed higher
prediction error rates in the Sweet Mango Half-Ripe and Gold Mango Ripe classes compared to the SVM.
Overall, the accuracy, precision, recall, and F1-score values of the SVM were superior to those of the Naive
Bayes model for almost all classes. This indicates that the SVM is more effective in handling feature variations
between classes, including data maturity and mango type. The metrics per class are as follows.

Figure 5. Evaluation matrix for each class

The figure shows the performance of the SVM model in classifying nine mango ripeness classes. Overall, the
model performed very well on the Gold Mango and Sweet Mango classes, with all metrics approaching or
reaching 1.0. However, performance declined significantly for the Kweni Mango class, particularly Half Ripe and
Ripe, which experienced an imbalance between precision and recall. This indicates the model struggled to
recognize and differentiate Kweni variants, necessitating improvements to the data or features. To see the
performance of each model for mango classification, see the following:

Comparison of Model Evaluation: SVM vs Naive Bayes
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Figure 6: Model Evaluation Comparison
The evaluation results show that the Support Vector Machine (SVM) model performed better than Naive Bayes
in the classification task. The SVM excelled across all evaluation metrics, with an accuracy of 86.11%, a
precision of 90.87%, a recall of 89.52%, and an F1 score of 85.71%. Meanwhile, the Naive Bayes model only
achieved an accuracy of 69.44%, a precision of 66.46%, a recall of 66.08%, and an F1 score of 62.33%. This
significant difference indicates that the SVM is more reliable in producing accurate and balanced predictions
and is able to recognize classes more precisely and comprehensively than Naive Bayes. The relatively low
performance of the Naive Bayes model in classifying mango ripeness can be explained by several analytical
factors. First, Naive Bayes operates on the assumption that each feature is independent of the others. In the
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case of mango ripeness classification, features such as color, texture, shape, or light intensity in an image tend
to be complexly interrelated. When features are not independent (e.g., mango skin color correlates with
brightness), model performance can suffer because the model fails to capture important relationships between
features. Second, Naive Bayes relies on simple probability distributions (usually Gaussian or multinomial), but
the visual characteristics of mango images can have more complex nonlinear or multimodal distributions. This
leads to errors in posterior probability estimation and leads to inaccurate predictions. Third, Naive Bayes is not
an ideal model for visual data such as fruit images. It lacks the ability to extract spatial representations or high-
level features like more complex models (e.g., CNNs). Therefore, its precision and recall tend to be lower
because it is difficult to distinguish visually similar classes such as “half-ripe” and “ripe.” Fourth, some mango
ripeness categories may have very similar visual characteristics, for example, “Kweni Mango Half Ripe” and
“Kweni Mango Ripe.” Naive Bayes is less sensitive to subtle differences between classes, often misclassifying
samples in this ambiguous area. This reduces the overall recall and precision. Considering the above factors,
Naive Bayes' performance is indeed limited in the context of mango ripeness image classification. This model is
suitable for simple, well-distributed textual or numeric data, but is less optimal for complex image processing
that requires greater spatial understanding and feature non-linearity.

Conclusion

These results indicate that SVM has superior classification performance compared to Naive Bayes in detecting
ripeness and mango variety based on image features. SVM's superior performance is justified by its ability to
handle data with complex and non-linear distribution patterns. SVM works by finding the optimal hyperplane
that separates data between classes with the maximum margin, thus better capturing differences in visual
features between fruit categories. In contrast, Naive Bayes assumes that features are independent, which is
often not the case in image data. This results in Naive Bayes's accuracy tending to be lower, especially when
features between classes are correlated. Thus, in the context of mango image classification based on ripeness
and type, SVM is recommended as the primary algorithm because it produces more accurate and reliable
results. However, Naive Bayes remains relevant as a comparison or baseline model due to its fast
computational speed and simple model structure. Based on the classification results, it is recommended to use
the Support Vector Machine (SVM) algorithm as the primary model due to its significantly higher accuracy
compared to Naive Bayes. To improve overall performance, it is necessary to optimize input features through
extraction techniques such as LBP, HOG, or CNN, as well as feature selection based on statistical methods such
as PCA or mutual information. Furthermore, tuning SVM parameters such as kernel, C, and gamma also needs
to be explored for more optimal results. Testing should be expanded with a larger and more diverse dataset to
make the model more adaptive to variations in image conditions. As a complement, experiments with other
algorithms such as Random Forest, K-Nearest Neighbor, or CNN can also be conducted to compare the
effectiveness of each approach

References

Costaner, L., Lisnawita, Guntoro, & Abdullah. (2024). Feature Extraction Analysis for Diabetic Retinopathy Detection Using
Machine Learning Techniques. SISTEMASI:Jurnal Sistem Informasi, 13(5).

de Moraes, J. L., de Oliveira Neto, J., Badue, C., Oliveira-Santos, T., & de Souza, A. F. (2023). Yolo-Papaya: A Papaya Fruit
Disease Detector and Classifier Using CNNs and Convolutional Block Attention Modules. Electronics, 12(10), 2202.

Harahap, K. M., Pangestu, D., Alfarizdi, D., & Igbal, F. (2025). Application of MATLAB-Based Digital Image Processing for

Vol. 2 No. 1 (2025) 12
https://journal.unilak.ac.id/index.php/comnitech




ComniTech

ComniTech: Journal of Computational Intelligence and Informatics
https://dx.doi.org/000000000
P-ISSN: 3063-315X E-ISSN: 3063-0630

Avocado Fruit Size and Color Sorting. Jurnal Pustaka Galeri Mandiri, 5(1), 22—26.

Laia, F. H., Rosnelly, R., Buulolo, K., Lase, M. C., & Naswar, A. (2023). Classification of Madani Mango Fruit Ripeness Based
on Shape Using Artificial Neural Network Perceptron Method. Jurnal Ilmiah Komputer Dan Teknologi, 13(1), 14-20.

Muchtar, M., & Muchtar, R. A. (2024). Comparison of KNN and SVM Methods in Mango Fruit Ripeness Classification Based
on HSV Images and Statistical Features. Jurnal Informatika Dan Teknik Elektro Terapan, 12(2), 876—-884.

Mukhti, M. F. 1. (2022). Image Processing Application for Avocado Ripeness Identification Based on Fruit Skin Texture Using
Statistical Feature Extraction Method. Jurnal Ilmu Komputer Dan Informatika, 5(1), 37—-46.

Rahmaniar, C., Darmawati, E., & Widayanti, S. M. (2024). Delaying the Ripening of Arumanis Mango Fruit at Various
Picking Ages Using Ethylene Adsorber. JURNAL KETEKNIKAN PERTANIAN, 12(102-116).

Salim, M. R., Daulay, A. A. A,, & Sinaga, G. V. (2023). Palm Line Pattern Recognition Using Fuzzy K-Nearest Neighbor
Method. Bulletin of Computer Science Research, 4(3), 270-275.

Saputra, A. J., & Andriyani, W. (2025). Fruit Image Classification Using Naive Bayes Algorithm with Histogram of Oriented
Gradients (HOG) Feature Extraction. Journal of Artificial Intelligence and Software Engineering, 5(1), 215-227.

Sugiyono, S., & Dionta, D. (2023). Image Processing Modeling of Mango Type Classification Using the K-Nearest Neighbor
Method. Jurnal Sains Dan Teknologi, 5(1), 347—352.

Ukwuoma, C. C., Zhiguang, Q., Heyat, M. B. B., Ali, L., Almaspoor, Z., & Monday, H. N. (2022). Recent Advancements in
Fruit Detection and Classification Using Deep Learning Techniques. Mathematical Problems in Engineering, 2022,
Article ID 9210947.

Wardani, L. A., Wijaya, I. G. P. S., & Bimantoro, F. (2021). Classification of Types and Ripeness Levels of Papaya Fruit Based
on Color, Texture and Shape Features Using Support Vector Machine. Jurnal Teknologi Informasi, Komputer Dan
Aplikasinya, 4(1), 75-87.

Wang, C., Liu, S., Wang, Y., Xiong, J., Zhang, Z., Zhao, B., Luo, L., Lin, G., & He, P. (2022). Application of Convolutional
Neural Network-Based Detection Methods in Fresh Fruit Production: A Comprehensive Review. Frontiers in Plant
Science, 13, 868745.

Zain, L. H., Setiawan, E., & Fitriyah, H. (2021). Mango Fruit Ripeness Detection System based on NH3, C2H50H and VOCs
Gas Content using the K-Nearest Neighbor (K-NN) method. Jurnal Pengembangan Teknologi Informasi Dan limu
Komputer, 5(9), 3792—-3798.

Vol. 2 No. 1 (2025) 13
https://journal.unilak.ac.id/index.php/comnitech



