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Abstract

Dendrobium is the second-largest family of flowering plants in the world. There are several classes of Dendrobium, which usually identify by
its, including leaves and flowers. Due to the similarity of its characteristics, identifying orchid types is complicated and usually can only be done
by an expert. Moreover, those characteristics are typically non-deterministic; examining the orchid species is very challenging. This research
aims to develop a novel fuzzy-based system to identify the species of orchid based on unprecise existing leaf characteristics. We used the main
characteristics of Dendrobium leaves, including shape, length, width, and tips of the leaves. Based on the information from the expert, we develop
the membership for each class of Dendrobium. By adopting this knowledge, we develop the system by using compatible programming with this
case, and Borland Delphi as complex application development. The experiment is done by using 200 real datasets from the Liwa Botanical
Gardens, West Lampung Regency, Lampung Province, Indonesia. The results are compared with those given by a Dendrobium expert. A
confusion matrix is a valuable evaluation tool for measuring the performance of classification models. From the above results, we can determine
the confusion matrix and calculate the TP (True Positive), TN (True Negative), FP (False Positive), and FN (False Negative). The confusion
matrix given from the experiments is shown in Table 6. This indicates that the system can provide the same results as experts recommended. It
is shown that the system can identify orchid types with an accuracy value of 94,6 %. Thus, this system will be beneficial for automatically
determining the orchid genus.
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1. Introduction

Liwa Botanical Garden is a regional botanical garden in Lampung with the theme of ornamental plants. One type of
local native orchid in Lampung and a typical flora of southern Sumatera Island which is a mainstay of the collection at
the Liwa Botanical Garden is Dendrobium. Based on collection data, the largest collection of Dendrobium orchids is
48 accession numbers from a total of 805 specimens [1]. The obstacle to the use and conservation of Dendrobium in
the Liwa Botanical Garden is identification. This genus consists of 25,000 species in the world, and 900 of them are
found in Asia, including in Indonesia. Some members of Dendrobium are an endangered orchid species listed in CITES
Appendix Il. So far, identification is still carried out conventionally based on morphology. The commonly used
morphological character is leaf.

The choice of leaf characters is due to the limitations of other organs such as flowers which are the main characteristics
of orchid plants. Orchid is plants of the most diverse and extensively dispersed flower groups. They are also one of the
few plant families whose characteristics can contribute to large-scale plant conservation. Orchids exhibit a variety of
flower shapes, colors, and sizes, each with its own unique characteristics. The distinctive shape and color of the lip or
labellum differentiates orchids from other plants. Orchid flowers generally have two different parts, namely sepals
(kallix) and petals (corolla), with three each. Our previous morphological identification results [1] on 12 orchid general
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in the Liwa Botanical Gardens, namely Agrostophyllum, Polisthacia, Dipodium, Eria, Trichotosia, Pholidota,
Bulbophyllum, and Appendicula, show similarities in dominant and semi-dominant morphological characters even
though they come from the same genus. different, each orchid shows a closer relationship due to the similarity of
dominant and semi-dominant morphological characters. The very significant morphological characters between the
genera Bulbophyllum and Appendicula generally show more differences than similarities so it could be said that the
kinship relationship between the two genera is far apart. Morphological identification of orchids is needed in order to
preserve orchid germplasm in Indonesia. Is a process used to determine the phenotypic characteristics of a plant.
Morphological identification for a plant can be made by observing the leaves, stems, fruit, flowers, roots, seeds and the
entire morphology of the plant body. This statement is the basis for observing the morphology of orchid species in the
Liwa Botanical Gardens, which have an important role in systematics and have been widely used to see relationships
between plants [2]. Leaf of shape, tip shape, leaf cross-section, leaf arrangement, leaf edge shape, leaf surface texture,
leaf symmetry, phyllotaxis are the main criteria in identifying morphology of Dendrobium [3].

Based on the previous research, in addition to disease infection other hindrances are also known in conservation and
utilization efforts of native Dendrobium in Lampung, such as identification. Based on research by Mahfut [1] it is
known that leaf morphological characters have limitations so a fast, effective and efficient identification method is
needed. Research on Dendrobium identification based on leaf morphological characters using a fuzzy logic approach
and implemented by the Borland Delpi programming language can provide accuracy in naming Dendrobium species.
Lestari [4] has conducted a large-scale investigation of orchid images in 103 image classes using 4 features, namely
texture, borders, petals and color. On a single feature, the accuracy was 55.1%, while on the combination of all features,
the accuracy was 72.8%.

The challenge in calculating accuracy accurately is influenced by the similarity of the large and small classes of each
test data input. SVM has also been used in [5] In this study, 13 orchid genotypes were identified using FTIR
spectroscopy with 3 models, namely SSAE, SVM, and KNN. SSAE is proven to be more accurate than SVM and KNN.
SSAE produces 99.4% accuracy and 97.9% calibration while KNN produces 100% accuracy but only 92.6%
calibration. Paphiopedilum orchid species were identified using CNN in research conducted by Nasir [6] using 1500
images and 15 classes with 98.6% accuracy. Image classification was also carried out using Naive Bayes as a simple
statistic and the probability of onion quality achieved high accuracy [7]. Here, Naive Bayes is combined with a hue
saturation value (HSV) color model. Using 60 training and testing data, Naive Bayes produces 91.67% accuracy. Here,
the choice of HSV color model and color channels is adapted to human vision theory which may change with other
preprocessing to obtain the highest accuracy [8]. Jayech and Mabjoud compared with tree-augmented Naive Bayes
(TAN) and forest-augmented Naive Bayes (FAN) [9], regular Naive Bayes (RN) achieved the highest average
classification [10]. A comparative study by Chandel [11] prove that KNN [12] is better than NB with accuracy of
93.44% and 22.56% respectively.

Fuzzy Logic has a value of ambiguity between true and false [13]. A fuzzy matrix is used to represent the position and
velocity of particles [14]. Fuzzy Logic is a qualitative computational approach [15], [16]. Fuzzy Logic can be used in
control theory, decision theory, and several parts of management science Logic to find relationships and correlations
between large data items [17]. The advantage of fuzzy Logic is that it carries out linguistic reasoning. Hence,
mathematics equations no longer need to control objects in their design [18]. Fuzzy provides models that humans can
easily interpret. This model takes the form of familiar if the implied rules are easy to select with operator (expert) rules
[19].

Recently, with the growing popularity of computers, many researchers are introducing technology in the form of
artificial intelligence based on expert knowledge to solve several real-life applications, including Interpretation,
Prediction, Diagnosis, Design, Planning, Monitoring, and so on [5]. These systems usually transfer expertise and rules
from experts. With this system, even lay people can solve quite complex problems that generally can only be solved
with the help of experts.

Based on information from experts, we create membership functions for each criterion: shape, length, width, and leaf
tip. Then by using this membership function we calculate the membership value. The effectiveness of the system was
evaluated using an orchid dataset from the Liwa Botanical Gardens, West Lampung, Lampung Province, Indonesia.
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The results provided by the system are compared with the results of orchid experts. Liwa Botanical Gardens is in a
sloping and hilly area, with the lowest point 830 meters above sea level and the highest point 945 meters above sea
level. Liwa Botanical Gardens has an average annual rainfall of 2500-3000 mm, wet months of 7-9 months, relative
humidity of 50-80%, and sun intensity of 37.9%. The topography in the Liwa Botanical Gardens area is sloping and
hilly with the lowest point of 830 meters above sea level located in the southern part of the Liwa Botanical Gardens
along the Sinda Lapai River and the highest point of 945 meters above sea level located around the receiving zone,
with a steep slope class of more than 40%. In order to evaluate the proposed methods, we have done several experiments
by using dataset taken form Liwa Botanical Garden [1].

This study will evaluate and analyze the performance of fuzzy based system for cdetermining the type Dendrobium.
First, based on the information from the expert [20], we develop the membership function for each type of Dendrobium.
Next, we develop the system. We evaluate the system by using real dataset. Finally, we compare the results with those
given by the expert. This paper contains an introduction in Section 1, The proposed method explaining labeling, pre-
processing, word weighting, holdout cross-validation, sampling method, and sentiment classification for experiments
in Section 2. The results and discussion are in Section 3, conclusions and acknowledgments in Section 4.

2. The Proposed Method

The research workflow starts with data acquisition from Liwa Botanical Garden. After data acquisition, the data
undergoes preprocessing. The following step of the procedure and data set. Implementing model fuzzy is the next step.
Then created the application. Finally, the last step is evaluating the classification results and diagnosing naming
Dendrobium using Fuzzy.

This research has several stages of designing a system for determining the species of orchids. The process starts with
deciding variables, adopting knowledge, and developing membership. Next is the development of the system stage.
Finally, experiments are done to evaluate the functional system and compare the results with those of experts. The
process conducted in this study is illustrated in figure 1.

Evaluation
Strategy

Determination
of membership function

Application
Development

Database Preparation

Figure 1. Research Methodology

2.1. Dataset Preparation

First, the data used in this study include ten types of species of Dendrobium where we identified 10 species types of
dendrobiums which will be used as a dataset, where each Dendrobium has different characteristics, including leaf
shape, length, width and leaf tip., as presented in Table 1.

Table 1. Dendrobium Species Data

Code Types

D01 D. cetifolium
D02 D. anae

D03 D. crumenatum,
D04 D. montanum
D05 D. babience
D06 D. nobile

D07 D. phalaenopsis
D08 D. taurium

D09 D. cucumerium
D10 D. spectacular
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2.2. Determination of Membership Function

The membership function is a curve that shows the mapping of input data points into their membership values or
degrees, which have an interval between 0 and 1 [16], [17]. The membership function is a set of real numbers whose
range is positive numbers in the closed interval [13]. One way that can be used to obtain membership values from fuzzy
sets is through the membership function approach [21]. The curve used is the Triangle Curve (see figure 2). This curve
is basically a combination of 2 lines (linear). This model curve is appropriate to use because of the suitability of the
knowledge base for finding the middle value.

Degree
of membership
i [x]

|

Diom ain

Figure 2. Membership curve of pelvises representation

0 X<a or x>c
u[x]=4(@a—b)/(b—a) a<x<b )
(b—x)/(c—Db) b<x<c

In fuzzy set theory, with this equation (1) its make the role of membership value as a determinant of the existence of
elements in a set is vital [21]. Membership value is the main characteristic of reasoning with fuzzy Logic [13]. The use
of fuzzy relations stems from real-life observations that can be related to each other to a certain degree (such elements
can be part of a fuzzy set to a certain degree); in this case, they can model fuzziness. However, they are still intolerant
of uncertainty because there are no mean values to attribute information reliability or confidence to the degree of
membership [22].

2.3. Application Development

In order to evaluate the effectiveness of the system, the researchers conducted intensive experiments based on hundreds
of Dendrobium data taken from Liwa Botanical Garden. We developed an application using Pascal programming with
the Delphi GUI and run on PC Processor Intel® Core™ i3-7020U.

2.4. Evaluation Strategy

A confusion matrix is a valuable evaluation tool for measuring the performance of classification models. From the
above results, we can determine the confusion matrix and calculate shown in table 5. The confusion matrix given from
the experiments is shown in table 6. This indicates that the system can provide the same results as experts
recommended. The overall performance measurements of the system are given in table 7.

3. Experimental Design and Result

3.1. Dataset Preparation

This dataset provides functions for collecting, organizing, and retrieving computerised knowledge [13]. This database
knowledge is designed based on the expert knowledge of Dr. Mahfut from the University of Lampung. The species of
Dendrobium are determined by leaf shape, length, width, and leaf tip. Those are summarized in table 2.

Table 2. Dendrobium Species by Leaf Morphology Based on Experts

Type Leaf Shape Length (cm) Width (cm) Leaf Tip
D. cetifolium Ovatus 10.6 7.5 Acuminate
D. anae Pelvatus 12.7 10.2 Acuminate
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D. crumenatum Ovatus 5.0 6.5 Obtuse
D. montanum Ovatus 15.2 10.5 Acuminate
D. babience Ovatus 14.0 9.0 Acuminate
D. nobility Cordatus 19.5 12.6 Acute
D. phalaenopsis Cordatus 15.6 6.8 Acuminate
D. taurium Ovatus 18.0 7.6 Acuminate
D. cucumber Ovatus 12.5 18.0 Acuminate
D. spectacular Ovatus 9.2 11.1 Acute

3.2. Determination of Membership Function

In this research, based on the information from the expert, we developed the membership function of each species, as
given in table 3.

Table 3. Membership function for each type of Dendrobium

Variable Leaf shape Length (cm) Width (cm) Leaf Tip
1 1
1 1 1 .
D. cetifolium
0 0 0 0
0 Ovaws  Pelvatus  Cordatus ol 76 106 136 ol as 75 105 0 Acuminate  Obtuse  Acute
1 1
1 1 1 1
D. anae
0 0 0 0
o1 ovaws  pelvaus  Cordaws ol o7 127 157 ol 12 102 132 0 Acuminate  Obiuse  Acute
1 1
1 1 1 1
D. crumenatum
0 0 0 0
0 Ovatus  Pelvatus  Cordatus ol 20 50 80 ol 35 65 95 0 Acuminate  Obtuse  Acute
1 1
1
1 1 1
D. montanum
0 0 0 0
0 Ovatus  Pelvatus  Cordatus ol 122 152 182 of 75 105 135 0 Acuminate  Obtuse  Acute
1
4 1 . ‘ :
D. babience
0 0 0 0
0 Ovatus  Pelvatus ~ Cordatus ol 90 140 170 ol e 20 130 0 Acuminate  Obtuse  Acute
1 1 . L :
1
D. nobile
0 0 0 0
0 Ovatus  Pelvatus  Cordatus ol 165 195 25 ol os 126 156 0 Acuminate Obtuse  Acute
1 1 1 1
1 1
D. phalaenopsis
0 0 0 0
0 Ovatus  Pelvatus  Cordatus ol 126 156 186 ol 38 68 98 0 Acuminate Obtuse  Acute
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D. taurium

0 0

0 0

Ovatus  Pelvatus ~ Cordatus o 180

D. cucumber

0 0

Acuminate  Obtuse ~ Acute

1

0 0

Ovatus  Pelvatus ~ Cordatus 0

1 1

155

D. spectacular

0 0

0 Ovatus  Pelvatus ~ Cordatus o 6.2 9.2

180

Acuminate  Obtuse  Acute

1

0 0

Acuminate  Obtuse  Acute

3.3. Application Development

This system first displays the user interface, as shown in figure 3. The users could fill in the criteria data and press the
process button to display the calculation results. After entering the parameters, the system will present the results. We
used 200 (two hundred) test problems, images taken from Liwa Botanical Garden, for the experiments. Then, we

compared the system results with those provided by the expert. The overall results are summarized in table 4.

Application Identification Dendrobium Its Of Leaves Morphology

Choose Griteria Glear Screen |
Lot Shope Dosihm DA Ot DGt Ofisrce it T p——
Cordatus(Jantung <] |0 0 | o | o | o 1 1 0 0 5] |
Length [i7 ]=[p | o | o [pa o [o.168686| [0.53333| [0.68688] [0 0 |
width s [“lg | o | [o.86666| [0 | lo o.96666| [0.76688] [0 § |
Leal Tip . . -
[obtusustumpu - [o o | |[J ‘ |1 ‘ |(J ] 0 0 0 0 |
. o 0.86666 1.4 116666 2.5
os Qo | 12 o Jiiccoclfes |
Click For >>> IDENTIFICATION

Figure 3. Dendrobium identification page based on leaf morphology

Evaluation is carried out to calculate the proposed system's accuracy and the experts' recommendations. Table 4

displays the Dendrobium identification results from the Systems and experts.

Table 4. Comparative Results Between Expert and System

No Leaf Shape Length Width Leaf Tip Experts System Information

1 Ovatus 17.3 10.0 Acuminate D. tourium D. taurium In accordance

2 Pelvatus 11.0 20.0 Acuminate D. anae D. anae In accordance

3 Cordatus 9.5 94 Acute D. spectacular D. spectacular In accordance

4 Cordatus 13.0 11.0 Acuminate D. anae D. anae In accordance

5 Ovatus 12.0 7.6 Obtuse D. cetifolium D. phalaenopsis Is’nt accordance
6 Pelvatus 10.6 9.0 Acuminate D. anae D. anae In accordance

7 Ovatus 15.0 8.0 Obtuse D. montanum Montanum In accordance

8 Ovatus 16.3 124 Acuminate D. nobile D. nobile In accordance

9 Cordatus 17.0 6.9 Obtuse D. phalaenopsis  D. phalaenopsis In accordance
10 Pelvatus 12.4 7.2 Acute D. anae D. phalaenopsis Is’nt accordance
11 Ovatus 10.0 9.0 Acuminate D. cetifolium D. cetifolium In accordance
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12 Pelvatus 9.6 13.0 Acuminate D. anae D. anae In accordance
13 Ovatus 18.0 14.0 Obtuse D. montanum D. montanum In accordance
14 Cordatus 14.0 10.8 Acute D. spectacular D. spectacular In accordance
15 Pelvatus 13.7 12.0 Acute D. anae D. anae In accordance
16 Cordatus 5.0 6.8 Acuminate D. phalaenopsis  D. phalaenopsis In accordance
17 Ovatus 5.0 6.5 Acute D. Crumenatum D. Crumenatum In accordance
18 Ovatus 8.2 10.5 Acuminate D. spectacular Spectacular In accordance
19 Cordatus 9.0 111 Obtuse D. spectacular Spectacular In accordance
20 Ovatus 15.0 18.0 Acuminate D. cucumber D. cucumber In accordance

3.4. Evaluation Strategy

This section explains several things. By obtaining similar morphological data in the field for all samples with the system
created, it shows that the expert dataset collected can be identified accurately using the system, so that there are no
gaps or differences in assessments. These results suggest that the accuracy of the 200 test case data is 94.6 % correct.
Thus, we can be sure that this system is effective. Based on table 7, it presents findings from a comparison of 20 data
points between experts and systems, which shows that there is a match between the two. Table 5 then displays data
from the confusion matrix between predictions made by the system and actual expert data. Based on these results, it
shows that of the 10 orchids. The performance measurement of the ten Dendrobium orchids is presented in table 6 with
a percentage accuracy level of 96.4 % with performance results including accuracy, precision, recall, specify, and F1-
Score.

Table 5. Application testing confusion matrix

TP TN FP FN
6 83 0 11
6 90 0 4
2 94 0 4
7 85 0 8
5 92 0 3
2 96 0 2
3 90 0 7
1 94 0 5
21 73 0 6
50 46 0 4
Table 6. Confusion matrix results
Predicted by the System
Type of Character D01 D02 D03 D04 D05 D06 D07 D08 D09 D10
D01 6 0 0 0 0 0 0 0 0 0
D02 0 6 0 0 0 0 0 0 0 0
E D03 0 0 2 0 0 0 0 0 0 0
< D04 0 0 0 7 0 0 0 0 0 0
g D05 0 0 0 0 5 0 0 0 0 0
2 D06 0 0 0 0 0 2 0 0 0 0
Tg D07 0 0 0 0 0 0 3 0 0 0
g D08 0 0 0 0 0 0 0 1 0 0
D09 0 0 0 0 0 0 0 0 21 0
D10 0 0 0 0 0 0 0 0 0 50
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Table 7. Performance measurement results

Dendrobium Species Accuracy Precision Recall Specificity F1-Score
D.cetifolium 0.89 1.00 0.35 1.00 0.52
D.anae 0.96 1.00 0.60 1.00 0.75
D.crumenantum 0.96 1.00 0.33 1.00 0.50
D.montanum 0.92 1.00 0.47 1.00 0.64
D.babience 0.97 1.00 0.63 1.00 0.77
D.nobile 0.98 1.00 0.50 1.00 0.67
D.phaleonopsis 0.93 1.00 0.30 1.00 0.46
D.taurium 0.95 1.00 0.17 1.00 0.29
D.cucumber 0.94 1.00 0.78 1.00 0.88
D.spectacular 0.96 1.00 0.93 1.00 0.96
4. Conclusion

This research develops a new fuzzy logic system to identify the Dendrobium genus. This system aims to determine the
genus based on leaf morphology, including leaf shape, length, width and leaf tip. The system calculates the membership
model for each criterion and determines the membership value for each orchid species. After determining the value, it
will be plotted in a curve and will be implemented into a Borland Delphi based application. The system has been tested
using 200 real datasets collected by experts from gardens from the Liwa Botanical Gardens, West Lampung, Lampung
Province, Indonesia. The results are compared with those given by experts. This shows that the system can identify
orchid species accurately in all tests. Thus, this system is very useful for supporting researchers and in the future it can
be used as a research support medium

5. Declarations

5.1. Author Contributions

Conceptualization: A.S.P., AS., M., S.R.S., M.S.H.; Methodology: A.S., M.; Software: A.S.P.; Validation: A.S.P.,
A.S., M.; Formal Analysis: A.S.P., A.S., M.; Investigation: A.S.P.; Resources: A.S.; Data Curation: A.S.; Writing
Original Draft Preparation: A.S.P.,, AS., M., S.R.S., M.S.H.; Writing Review and Editing: A.S., M., AS.P;
Visualization: A.S.P.; All authors have read and agreed to the published version of the manuscript.

5.2. Data Availability Statement

The data presented in this study are available on request from the corresponding author.

5.3. Funding
The authors received no financial support for the research, authorship, and/or publication of this article.

5.4. Institutional Review Board Statement
Not applicable.

5.5. Informed Consent Statement
Not applicable.

5.6. Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.



Journal of Applied Data Sciences ISSN 2723-6471

Vol. 5, No. 4, December 2024, pp. 1520-1529 1528
References
[1] Mahfut, T. T. Handayani, S. Wahyuningsih, and Sukimin, “Identification of dendrobium (orchidaceae) in liwa botanical

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

garden based on leaf morphological characters,” J. Trop. Biodivers. Biotechnol., vol. 6, no. 1, pp. 1-6, 2021, doi:
10.22146/JTBB.59423.

A. S. Putra, “African Journal of Biological Sciences One Decade Research in the Field of Artificial Intelligence for Indonesian
Orchid: A Bibliometric Analysis,” Afr. J. Bio. Sc., wvol. 6, no. 5 pp. 10477-10487, 2024, doi:
10.48047/AFJBS.6.5.2024.10477-10488.

Dressler, Phylogeny and Classification of the Orchid Family. Cambridge University Press, 2019.

Lestari and Santoso, “Inventory and habitat study of orchids species in Lamedai Nature Reserve, Kolaka, Southeast
Sulawesi,” Biodiversitas J. Biol. Divers., vol. 12, no. 1, pp. 28-33, 2019, doi: 10.13057/biodiv/d120106.

Yazun and Shugqin, “A Review of Mahjong Al Research,” ACM Int. Conf. Proceeding Ser., vol. 1, no. 1, pp. 345-349, 2020,
doi: 10.1145/3438872.3439104.

Nasir, Brahin, and Aminuddin, “Android based application for visually impaired using deep learning approach,” IAES Int. J.
Artif. Intell., vol. 10, no. 4, pp. 879-888, 2021, doi: 10.11591/ijai.v10.i4.pp879-888.

W. Sarachai, J. Bootkrajang, J. Chaijaruwanich, and ..., “Orchid classification using homogeneous ensemble of small deep
convolutional neural network,” Mach. Vis. ,vol. 1, no. 1, pp. 1-12, 2022, doi: 10.1007/s00138-021-01267-6.

Al-Shoteri and Ahmed, “The Role of Methods and Applications of Artificial Intelligence Tools in the Field of Medicine to
Diagnose and Discover Various Diseases,” J. Appl. Data Sci., vol. 3, no. 1, pp. 1-14, 2022, doi: 10.47738/jads.v3i1.48.

A. Syarif, O. D. Riana, D. A. Shofiana, and A. Junaidi, “A Comprehensive Comparative Study of Machine Learning Methods
for Chronic Kidney Disease Classification: Decision Tree, Support Vector Machine, and Naive Bayes,” Int. J. Adv. Comput.
Sci. Appl., vol. 14, no. 10, pp. 597-603, 2023, doi: 10.14569/IJACSA.2023.0141063.

P. N. Andono, E. H. Rachmawanto, N. S. Herman, and ..., “Orchid types classification using supervised learning algorithm
based on feature and color extraction,” Bull. Electr., vol. 1, no. 1, pp. 1-12, 2021.

Plastiras, Kyrkou, and Theocharides, “Efficient convnet-based object detection for unmanned plants by selective tile
processing,” ACM Int. Conf. Proceeding Ser., vol. 3, no.4 , pp. 1-12, 2018, doi: 10.1145/3243394.3243692.

Paramita, Maryati, and Tjahjono, “Implementation of the K-Nearest Neighbor Algorithm for the Classification of Student
Thesis Subjects,” J. Appl. Data Sci., vol. 3, no. 3, pp. 128-136, 2022, doi: 10.47738/jads.v3i3.66.

Saleh and Suaad, “The Fuzzy Future: Embracing the Potential of Fuzzy Functions,” African J. Adv. Pure Appl. Sci., vol. 2,
no. 3, pp. 227-234, 2023.

Karmakar, Seikh, and Castillo, “Type-2 intuitionistic fuzzy matrix games based on a new distance measure: Application to
biogas-plant implementation problem,” Appl. Soft Comput., vol. 106, no. 1, pp. 107357-107366, 2021, doi:
10.1016/j.as0c.2021.107357.

Popov and Polyakov, “Fuzzy logical-linguistic model for assessing the qualitative composition of carbon nanomaterials,”
IOP Conf. Ser. Mater. Sci. Eng., vol. 693, no. 1, pp. 1-7, 2019, doi: 10.1088/1757-899X/693/1/012010.

Gupta, Jain, and Joshi, “Fuzzy Logic in Natural Language Processing - A Closer View,” Procedia Comput. Sci., vol. 132,
no. 1, pp. 1375-1384, 2018, doi: 10.1016/j.procs.2018.05.052.

Serrano-Guerrero, Romero, and Olivas, “Fuzzy logic applied to opinion mining: A review,” Knowledge-Based Syst., vol.
222, p. 107018, 2021, doi: 10.1016/j.knosys.2021.107018.

Burda and Stepnica, “Ifl: An R package for linguistic fuzzy logic,” Fuzzy Sets Syst., vol. 431, no. 1, pp. 1-38, 2022, doi:
10.1016/j.s5.2021.07.007.

D. R, N. Deotale, P. Singhal, S. Shah, and G. T. T. -, “An Advanced Technology Selection Model using Neuro Fuzzy
Algorithm for Electronic Toll Collection System,” Int. J. Adv. Comput. Sci. Appl., vol. 2, no. 4, pp. 97-104, 2011, doi:
10.14569/ijacsa.2011.020416.

Abaei, Selamat, and Dallal, “A fuzzy logic expert system to predict module fault proneness using unlabeled data plants,” J.
King Saud Univ. - Comput. Inf. Sci., vol. 32, no. 6, pp. 684-699, 2020, doi: 10.1016/j.jksuci.2018.08.003.


https://jurnal.ugm.ac.id/jtbb/article/view/59423
https://jurnal.ugm.ac.id/jtbb/article/view/59423
https://jurnal.ugm.ac.id/jtbb/article/view/59423
https://www.afjbs.com/uploads/paper/cbd87314ce06898a7616f75cdf92c9b4.pdf
https://www.afjbs.com/uploads/paper/cbd87314ce06898a7616f75cdf92c9b4.pdf
https://www.afjbs.com/uploads/paper/cbd87314ce06898a7616f75cdf92c9b4.pdf
https://www.amazon.com/Phylogeny-Classification-Orchid-Family-Dressler/dp/0931146240
https://smujo.id/biodiv/article/view/241
https://smujo.id/biodiv/article/view/241
https://dl.acm.org/doi/10.1145/3438872.3439104
https://dl.acm.org/doi/10.1145/3438872.3439104
https://ijai.iaescore.com/index.php/IJAI/article/view/20741
https://ijai.iaescore.com/index.php/IJAI/article/view/20741
https://link.springer.com/article/10.1007/s00138-021-01267-6
https://link.springer.com/article/10.1007/s00138-021-01267-6
https://bright-journal.org/Journal/index.php/JADS/article/view/48
https://bright-journal.org/Journal/index.php/JADS/article/view/48
https://thesai.org/Publications/ViewPaper?Volume=14&Issue=10&Code=IJACSA&SerialNo=63
https://thesai.org/Publications/ViewPaper?Volume=14&Issue=10&Code=IJACSA&SerialNo=63
https://thesai.org/Publications/ViewPaper?Volume=14&Issue=10&Code=IJACSA&SerialNo=63
https://dl.acm.org/doi/10.1145/3243394.3243692
https://dl.acm.org/doi/10.1145/3243394.3243692
https://bright-journal.org/Journal/index.php/JADS/article/view/66
https://bright-journal.org/Journal/index.php/JADS/article/view/66
https://aaasjournals.com/index.php/ajapas/article/view/329
https://aaasjournals.com/index.php/ajapas/article/view/329
https://www.sciencedirect.com/science/article/abs/pii/S1568494621002805
https://www.sciencedirect.com/science/article/abs/pii/S1568494621002805
https://www.sciencedirect.com/science/article/abs/pii/S1568494621002805
https://iopscience.iop.org/article/10.1088/1757-899X/693/1/012010
https://iopscience.iop.org/article/10.1088/1757-899X/693/1/012010
https://www.sciencedirect.com/science/article/abs/pii/S0950705121002811
https://www.sciencedirect.com/science/article/abs/pii/S0950705121002811
https://www.sciencedirect.com/science/article/abs/pii/S0165011421002475
https://www.sciencedirect.com/science/article/abs/pii/S0165011421002475
https://thesai.org/Publications/ViewPaper?Volume=2&Issue=4&Code=IJACSA&SerialNo=16
https://thesai.org/Publications/ViewPaper?Volume=2&Issue=4&Code=IJACSA&SerialNo=16
https://thesai.org/Publications/ViewPaper?Volume=2&Issue=4&Code=IJACSA&SerialNo=16
https://www.sciencedirect.com/science/article/pii/S1319157818300247
https://www.sciencedirect.com/science/article/pii/S1319157818300247

Journal of Applied Data Sciences ISSN 2723-6471
Vol. 5, No. 4, December 2024, pp. 1520-1529 1529

1)

[21] Sannakki and Sanjeev, “Comparison of Different Leaf Edge Detection Algorithms Using Fuzzy Mathematical Morphology,’
Int. J. Innov. Eng. Technol., vol. 1, no. 2, pp. 15-21, 2012.

[22] Paramita and Winata, “A Comparative Study of Feature Selection Techniques in Machine Learning for Predicting Stock
Market Trends,” J. Appl. Data Sci., vol. 4, no. 3, pp. 163-174, 2023, doi: 10.47738/jads.v4i3.99.


https://www.semanticscholar.org/paper/International-Journal-of-Innovations-in-Engineering/d7fc44d46b1334646304bb1494c2e8339ebcaaf3
https://www.semanticscholar.org/paper/International-Journal-of-Innovations-in-Engineering/d7fc44d46b1334646304bb1494c2e8339ebcaaf3
https://bright-journal.org/Journal/index.php/JADS/article/view/99/0
https://bright-journal.org/Journal/index.php/JADS/article/view/99/0

