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Abstract: The level of garlic consumption in Indonesia increases as the population grows. This is
because most of the ingredients of Indonesian food recipes contain garlic. However, local garlic
production is not sufficient to fulfil the demand. Therefore, the Indonesian government imported
garlic from other countries to fulfil the demand. To reduce the import capacity of garlic, the gov-
ernment made a regulation to increase the potential area for garlic cultivation in several priority
locations in Indonesia, one of which is Sembalun District, East Lombok. To support government
regulation, this study presents an application of machine learning and a statistic approach for the
garlic field mapping method in Sembalun, Indonesia. This study comprises several steps including
the Sentinel-1A images data acquisition, image preprocessing, machine learning and statistic model
training, and model evaluation. k-nearest neighbor (k-NN) and maximum likelihood classification
(MLC) methods are selected in this study. The performance of k-NN and MLC are compared to other
garlic field classification results developed in previous studies using pixel-based and image-based
classifications. The comparison results show that the k-NN classification is slightly better than the
SVM classification and also that it outperformed the MLC method. In addition, MLC works faster
than k-NN in learning the dataset and testing the models. The classification results can be used to
estimate garlic production in the study area. The study concludes that the proposed methods are
better than other classification models and the statistic approach. The future study will improve
dataset quality to increase the model’s accuracy.

Keywords: convolutional neural network; garlic field classification; machine learning; Sentinel-1 A

1. Introduction

Garlic (Allium sativum) is classified as a “relative” of the Liliaceae family and has a
variety of uses in health in addition to cooking. As the Indonesian population grows, garlic
consumption increases because most of the ingredients of Indonesian food recipes contain
garlic. However, Indonesian garlic productivity in 2018-2019 decreased by about 7.78%,
from 7.84 tons/ha in 2018 to 7.23 tons /ha in 2019 [1]. The government formulated a strategic
program to increase the garlic planting area by 5% to reduce the import capacity from other
countries. This program refers to the 2017 Ministerial Regulation Number 38 concerning
Recommendations for Importing Horticultural Products (RIPH) [2].

East Lombok Regency which is located in West Nusa Tenggara Province is one of In-
donesia’s garlic production areas. Garlic cultivation in East Lombok reaches 10,000 hectares,
particularly in the Sembalun, Wanasaba, Sikur, Pringgasela, and Suela sub-districts [3].
Sembalun District is also considered to be a primary center for garlic development. This
is because this place is located at Mount Rinjani at a high altitude above sea level which
is ideal for garlic cultivation [2]. Figure 1 shows the garlic production (tons) in West
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Nusa Tenggara from 2012 to 2021 [4]. During 2012-2019, garlic production increased and
achieved the highest production in 2019.
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Figure 1. Garlic production (thousand tons) in West Nusa Tenggara, Indonesia, in 20122021 [4].

A method to determine the potential garlic cultivation area in East Lombok Re-
gency, West Nusa Tenggara, has been presented in several studies [5-7]. Land charac-
teristics/quality and land suitability studies for horticultural crops, including garlic, have
been conducted in Sembalun sub-district, East Lombok Regency [5]. Geographic informa-
tion system (GIS) modeling was performed to map the land areas already used for crops,
including garlic. The mapping method was based on agro-ecosystem and agro-economic
suitability. Land suitability analysis was conducted by matching the land characteristic
and garlic growth requirements to identify the potential garlic expansion area in East
Lombok [6]. The study presented in [6] reported the suitable area for garlic development,
which reached about 7 thousand hectares. The relation between rainfall, temperature, and
garlic productivity was studied using linear regression in Sembalun, Lombok [7]. The
results show that annual rainfall has a negative correlation with garlic productivity. The
correlation is r = —0.2, which indicates that the yearly rainfall had an insignificant effect
on garlic productivity in Sembalun [7]. The studies presented in [5-7] were focused on
land suitability analysis for garlic cultivation without utilizing remote sensing technology
to identify the large area of the garlic field. Garlic field identification is important for
estimating the harvesting area of garlic.

Local garlic cultivation should be monitored to estimate its production to support
the government’s program to reduce the import capacity of garlic from other countries.
Remote sensing technology is a potential method that can be used to map garlic fields on a
large scale. Studies on applying remote sensing technology in garlic mapping in Indonesia
are limited. Therefore, this study aims to create garlic field classification using satellite
images in East Lombok Regency, West Nusa Tenggara, Indonesia.

Previous studies utilized Sentinel-1A and Sentinel-2 satellite images to determine the
garlic field using a few machine learning algorithms [8-10]. The garlic identification model
was created using the support vector machine (SVM) algorithm [8], which achieved the best
accuracy of 76.78%. Furthermore, the decision tree (DT) algorithm was applied to obtain a
classification model for the garlic field with the best accuracy of 78.45% [9]. The random
forest (RF) algorithm was also implemented on Sentinel-1A imagery, which resulted in a
garlic land classification model with an accuracy of 78.45% [10].

Garlic land identification in Jinxiang, China, was made using multi-temporal Sentinel-2
Imagery [11]. The best accuracy of the model generated via random forest was 98.65% [11].
The RF algorithm was also used in garlic mapping using Sentinel-2 Imagery in the study
area of Jinxiang County, Shandong Province, China [12]. The best model had an overall
accuracy of 98.56% and a kappa coefficient of 0.967 [12]. The garlic growth phase identi-
fication in Sembalun, Indonesia, was conducted using Sentinel-2A images and the SVM
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algorithm [13]. The best accuracy of the model was 72.9% [13]. Sentinel-1 images were
also used to distinguish garlic from winter wheat in northern China [14]. The classification
model had an overall accuracy of 95.97% [14]. Another machine learning algorithm, namely
the spatial decision tree, was used to classify a vector-based garlic dataset that resulted in
the model with accuracy of 94.34% [15].

Sentinel 1 and Sentinel 2 satellite images have been utilized for crop mapping in
other studies [16,17]. The classification model of seven types of crops, including potatoes,
barley, rapeseed, maize, wheat, alfalfa, and grassland was proposed for the Tarom region
(Iran) with a maximum accuracy of 85% [16]. Vegetable crop mapping using dynamic time
warping distances from the time series of Sentinel-1A images was also presented in [17]
with an accuracy result of 0.86. The vegetable crops being studied included chili, tomato,
cucumber, rice, and maize [17].

According to the previously reported research articles from a number of countries,
research on the analysis of Sentinel 1 and Sentinel 2 satellite images for smart agriculture
applications is still developing. This indicates the novelty of these particular research areas.

This study aims to develop a methodology for the identification of potential garlic
cultivation areas in Sembalun District using parametric- and non-parametric-based algo-
rithms. K-nearest neighbor (k-NN) and MLC methods were applied to the satellite data,
namely Sentinel-1A SAR images. This study used Sentinel-1A SAR images with a spatial
resolution of 5 x 20 m and a coverage of 250 km in the interferometry wide (IW) swath
mode. Sentinel-1A satellite images was selected because this satellite image is an active
sensor imagery that can penetrate through clouds [18]. Some of the Sembalun areas were
covered by clouds, especially during rainy seasons. Therefore, the Sentinel-1A SAR image
captures land characteristics even if clouds cover the area. The objective of this study was
to develop a classification model for identifying garlic and non-garlic fields with higher
accuracy than previous studies [8-10].

2. Materials and Methods
2.1. Study Area and Data

The satellite data used in this study were Sentinel-1A images for the Sembalun
area of East Lombok, West Nusa Tenggara, Indonesia, which is located between
8°2325.9"-8°22 06.4” S and 116°31 32.9”-116°33 14.2"” on the slopes of Mount Rinjani
(Figure 2). Sembalun is one of the 18 provinces which is included as the priority of the
national garlic development program by the Ministry of Agriculture, Indonesia [19].

Mount'Rinjani 2

Mourﬁ-RmJam
National{Rarke

Figure 2. Satellite image of Sembalun District, East Lombok, Indonesia.
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Sentinel-1A is a European radar imaging satellite that was launched in 2014 as part of
the European Union’s Copernicus program. Sentinel-1A images provide the data for studies
on the environment, security, economy, and global business. The Sentinel 1A images are also
used for monitoring and mapping land cover. Sentinel-1 satellite images are derived from
two satellites, Sentinel-1A and Sentinel-1B, whereby each of which is equipped with twin
polar-orbiting satellites. Sentinel-1A has two polarizations (band), namely vertical transmit
and vertical received (VV) and vertical transmit and horizontal received (VH). The image
is represented in grayscale with single polarization (VV or VH). Meanwhile, each image in
dual-polarization (VV, VH) is represented by a single RGB composite color, with the red
channel (R) representing the first polarization, the green channel (G) representing the second
polarization, and the blue channel (B) representing the average of the two polarization
values [20]. The Sentinel-1A image specifications used in this study are listed in Table 1.

Table 1. Sentinel-1A image specifications.

Attribute Specification
Acquisition time July and November 2019
Acquisition orbit Ascending
Imaging mode Interferometry wide swath (IW)
Imaging frequency Topsar Band-C center frequency 5.405Ghz
Polarization VV-VH
Data product 20-45°
Resolution mode Level-1 GRD

2.2. Research Steps

This study was conducted in four steps: (1) data partition, (2) classification modeling,
(3) model evaluation, and (4) comparison of the classification models to other classifiers,
as presented in Figure 3. In the k-NN implementation, the image data were divided into
two partitions: 90% for Partition 1 and 10% for Partition 2, using 10-fold cross-validation.
The k-fold cross-validation divides the sample data randomly into k-independent subsets
of the same size. One subset is test data and the k-1 subset is the training data [21].
Partition 1 was separated into a training set (90%) and a validation set (10%) using 10-fold
cross-validation. The training set was used to develop the model. Partition 2 was used as a
testing set to test the model. The validation set was utilized for hyperparameter tuning.
The classification model was evaluated in the testing stage. Hyperparameter tuning of
k-NN was performed during the validation stage. The VH and VV bands were the band
types used in the classification using the k-NN and MLC methods.

Pre-processing
Sentinel-1A
images

Implementation of k-NN method with Classification Comparing the
tuning hyperparameter and MLC » models B | classification models
method evaluation to other classifiers

Figure 3. Steps in garlic field classification.

The classification models were created in three scenarios of bands referred to in [22].
These band scenarios are provided in Table 2. The study presented in [22] reveals that the
more variables used, the higher the accuracy of the models produced. Hyperparameter
tuning was conducted in k-NN classification to determine the optimum parameters of
the k-NN method. The optimum hyperparameter increases accuracy and reduces losses.
The GridSearchCV library was used for hyperparameter tuning to obtain the optimal
hyperparameter values of a model. GridSearchCV is a function in Scikit-learn, a machine
learning library for the Python programming language. This method works by calculating
and assessing all possible parameters to obtain the best parameters for the highest accuracy
of the model [23]. This study used GridSearchCV because this method evaluates and
validates each hyperparameter combination automatically to produce a model with the
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best performance. When each hyperparameter combination is evaluated, GridSearchCV
provides all possible classification models and selects the best model for prediction.

Table 2. Scenario for VH and VV bands’ combination.

Scenario Description
1 VV, VH
2 VV, VH, VV-VH
3 VV, VH, VV-VH, (VV/VH), (VV+VH)/2

The implementation of the k-NN method on the dataset utilized the KNeighborClas-
sifiers library in Python programming language [24]. The implementation of the MLC
method used the rasclass library that is available in the R programming language. The
classification model of garlic and non-garlic field identification was evaluated using the
confusion matrix, as presented in Table 3. Accuracy, precision, and recall were calculated to
evaluate the model’s performance. In addition, the run time analysis of the k-NN and MLC
algorithms was used to assess the efficiency of the algorithms.

Table 3. Confusion matrix [25].

Predicted Class
Yes No
Actual class Yes True positive (TP) False negative (FN)
No False positive (FP) True negative (TN)

Accuracy and random accuracy were derived from the confusion matrix [25] as follows:

Accuracy = TP +TN
Y= TP+ TN+ FP + EN

x 100% 1)

(TN + FP) x (TN + FN) x (EN + TP) x (FP + TP)
(TP + TN + FP + FN) x (TP + TN + FP + FN)

Kappa finds the truth between the predicted and actual class. The equation of the
kappa is as follows [25]:

@

Random Accuracy =

Overall Accuracy — Random Accuracy
K =
appa 1 — Random Accuracy ©)

Accuracy is also needed from samples labeled according to their class. Therefore,
precision was calculated. Meanwhile, recall was used to measure the number of predicted
objects that were truly relevant to the test data. The precision and recall equations were
as follows:

. TP o
Precision = T+ FP x 100% (4)
Recall = 1P x 100% (5)

T IPrEN °

2.3. Data Preprocessing

The Sentinel-1A satellite images were obtained from Copernicus Open Access Hub
ESA for July 2019 and November 2019 [26]. The type of Sentinel-1A image used was ground
range detection (GRD) with a resolution of 20 x 5 m and a pixel size of 10 x 10 m. The
image preprocessing was conducted using The Sentinel Application Platform (SNAP) [27].
SNAP was utilized to perform the following steps: apply orbit file, calibration, speckle
filtering, terrain correction, and linear to dB conversion [28]. The feature Apply Orbit File is
available in SNAP, which automatically downloads and updates the orbit condition for each
SAR image. This feature accurately provides data on the position and speed of the satellite.
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In the calibration step, the digital number (DN) is calibrated to be backscatter in the form
of sigma# that will be used for quantitative identification of the images. Speckle filtering
is a procedure to improve image quality by reducing speckles. The objective of terrain
correction is to compensate for geometric distortions so that the geometric representation
will be as close as possible to the real image. Linear to dB is a step to convert the backscatter
coefficient to decibels (dB) using the logistic transformation.

The preprocessed image was then clipped to capture the relevant research area, which
was between 8°23 25.9” and 8°22 06.4” S and 116°31 32.9” and 116°33 14.2” T. The VV
and VH band values were then extracted from 16,800 pixels, with 8400 pixels classified
as garlic classes and 8400 pixels classified as non-garlic classes. The class labeling was
performed based on field observation. The image from July represents an area that has just
been planted with garlic, while the image from November represents an area that was in
the harvest phase.

The dataset was divided into two parts based on the condition and information as
to when garlic was planted and harvested. Dataset A contains data derived from images
taken at the start of garlic planting and harvesting on 13 July 2019 and 10 November 2019,
respectively. Dataset B was extracted from the image at the end of the garlic planting and
the end of the garlic harvest on 25 July 2019 and 22 November 2019, respectively. Each
dataset comprises 10% of 84,000 pixels, which is 8400 pixels. Each pixel has eight attributes,
i.e., date, X, Y, longitude, latitude, VH band, VV band, and class. Table 4 shows that each
dataset contains 4200 pixels of garlic samples and 4200 pixels of non-garlic samples. The
holdout method was then used to divide each dataset into two parts: (1) 90% was used for
training data (7560 pixels) and 10% was used for test data (840 pixels). Furthermore, the
sample images with predetermined classes were converted to the relation format as the
input of k-NN and MLC algorithms.

Table 4. Image composition for each dataset.

Dataset Garlic Class Sample Non-Garlic Class Sample
A 4200-pixel of the image on 13 July 2019 4200-pixel of the image on 10 November 2019
B 4200-pixel of the image on 25 July 2019 4200-pixel of the image on 22 November 2019

Tables 5 and 6 show the data characteristics of the training set for each class. The
training data consisting of VV and VH bands in the garlic class are close to a perfect normal
distribution, as presented in Tables 5 and 6. However, some data in the non-garlic class are
laid beyond the bounds of normal distribution because the data variance was higher than
in the garlic class. In addition, the mean, variance, and covariance values were used in the
training stage to build a classification model. The prediction of each class will be based on
the model obtained from the training stage.

Table 5. Characteristics of bands VH and VV in dataset A.

Class Band Mean Variance Covariance
, vV —83774 1.5948
Garlic VH —14.3080 2.0871 0.4375
. vV —5.4092 19.0352
Non-garlic VH ~12.2298 13.6658 13.6106

Table 6. Characteristics of bands VH and VV in dataset B.

Class Band Mean Variance Covariance
. \AY —8.5771 1.9791
Garlic VH 144557 1.9043 0.5216
Non-garlic Vv —5.7198 19.8300 14.8938

VH —12.6370 15.1894
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In the k-NN method, the training and validation data were distributed using the 10-fold
cross-validation approach in the GridSearchCV package of Scikit-Learn. The distribution
of training data and test data was carried out using splitfraction in the ClassifyRasclass
function. In the MLC method, the data were divided into two, i.e., 90% for training and
10% for testing. Each dataset was separated into three scenarios before going through
the classification phase to obtain a band combination and compare the accuracy of the
three scenarios.

2.4. K-Nearest Neighbor

The k-Nearest Neighbor (k-NN) method is a guided learning classification algorithm
that discovers new patterns in data. The k-NN method works in two stages: the first is
the determination of the nearest neighbors and the second is a calculation of the distance
between classes using these neighbors [29]. By categorizing the test data into the class with
the highest number of members based on the attributes and samples from the training
data, the training data are projected into a multidimensional space represented as a feature
of the data. The k-NN method calculates the distance between the new vector and all of
the training data vectors; then, it selects a set of k neighbors with the shortest distance.
Euclidean distance is commonly used in k-NN to calculate the distance between objects.
The steps in k-NN are as follows:

1. Prepare input: training set, class of training data, testing set.

2. Calculate the distance between each object in the testing set to each object in the
training set.

3.  Determine k training objects that are nearest to the testing objects.

4. Define the label that frequently occurred.

5. Assign the testing object to the class with the highest frequency.

The k-NN approach has the benefit of being highly straightforward and easy to learn
and use [29]. The k-NN method increases classification accuracy by using a noise reduction
technique [29]. The k-NN method is a non-parametric approach with no data distribution
assumption needed; thus, this approach is more flexible. However, the trial and error
technique for parameter selection is a drawback of the k-NN method; therefore, more time
is required for computation.

The implementation of the k-NN algorithm on the dataset utilizes the KNeighborClas-
sifiers library in Python programming language. Two scenarios were executed in hyperpa-
rameter tuning in the k-NN algorithm: scenario A used 6 parameters and scenario B used
2 parameters. The hyperparameters in scenario A (6 parameters) were as follows [24]:

(1) param_algorithm: algorithm used to compute the nearest neighbors;

(2) param_leaf size: leaf size passed to BallTree or KDTree;

(8) param_metric: Metric for distance computation. The default is “minkowski”, which
results in the standard Euclidean distance when power (p) = 2;

(4) param_n_neighbor: number of neighbors;

(5) param_p: power parameter for the Minkowski metric;

(6) param_weights: weight function used in prediction.

The hyperparameters in scenario B (2 parameters) were as follows [24]:

(1) param_n_neighbor: number of neighbors;
(2) param_p: power parameter for the Minkowski metric.

2.5. Maximum Likelihood Classification

The maximum likelihood classification (MLC) method works based on Bayesian
principles. The MLC method is a parametric algorithm that needs to estimate model
parameters before making classification decisions [30]. The MLC is one of the most used
methods to analyze satellite image data [31] which is typically used to compare and to
calculate the average variance value between classes and existing bands. The classification
process is based on the similar pixel value and recognition in the image and calculating the
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probability density for each class. The probability that a pixel with feature vector w belongs
to class i is defined by Bayes theory [32]:

P(ilw) = ©)
where

P(w l7) is the likelihood function;

P(i) is the probability of class i occurring in an image;

P(w) is the probability that w is observed.

P(w) was calculated using the following formula [32]

M
P(w) = ;P(wU)P(i) @)

where M is the number of classes. A pixel with feature vector w is classified as class i if
P(ilw) > P(jlw) for all i # j [32].

The MLC method calculates the likelihood of a pixel value of a labeled object based
on the statistical features of the training data. Training data contain numerous spectral
classes which are used to estimate the probability of each class of pixel in the images by
estimating the mean value vector and the matrix covariance. The training data are assumed
to be regularly distributed, i.e., Gaussian, for each class in each band [33]. The result of
classification is the class of objects with the highest probability.

The MLC method assumes that the training data are normally distributed, whereas
the k-NN approach ignores this assumption. The parametric technique has the advantage
that the time distribution can be simply approximated to execute each of the data, making
the execution process faster. Meanwhile, the flaw is that if there are differences in the
distribution to be considered, the parameters must be estimated and tested iteratively [34].

3. Results
3.1. Classification Using k-NN

This study evaluates the implementation of the k-NN method based on training time
and accuracy. The selection of parameters in k-NN influences the training time during the
model development. The parameters used in the classification process using the k-NN
method are the number of neighbors (k) and the distance calculation method (p). Initially,
the computation used a value of k neighbors from 1 to 30. Manhattan and Euclidean were
selected as the distance calculation methods. A number of neighbors (k) above 30 was also
randomly selected. However, the classification model accuracy decreased for the k value
above 30. Therefore, the optimal range of k for hyperparameter tuning is between 1 and 30.
Tables 7 and 8 show a comparison of the training time in k-NN and the model’s accuracy.
The experimental results in dataset A show that training with two parameters is much
faster than training with six parameters. On average, the model’s accuracy with two pa-
rameters is higher than that of the model with six parameters. Therefore, a model with
two parameters in Scenario 1 is selected as the best model from dataset A to classify garlic
and non-garlic fields.

Table 7. Model’s accuracy and training time of k-NN on dataset A.

Six Parameters Two Parameters
Scenario
Time (s) Accuracy (%) Time (s) Accuracy (%)
1 4624.27 75.00 9.60 75.00
2 4906.27 73.33 8.63 74.64
3 5164.25 74.76 9.19 74.76

Average 4898.27 74.37 9.14 74.80
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Table 8. Model’s accuracy and training time of k-NN on dataset B.

Six Parameters Two Parameters
Scenario
Time (s) Accuracy (%) Time (s) Accuracy (%)
1 4478.15 78.81 9.55 78.81
2 4760.43 78.45 8.53 78.45
3 5196.42 78.10 9.11 78.69
Average 4811.67 78.45 9.06 78.65

Table 7 shows the average accuracy of a k-NN model applied to dataset A. According
to Table 7, the model’s accuracy of two parameters is slightly better than the accuracy of
six parameters, which is improved from 74.37 % to 74.80 %. A significant difference was pre-
sented in computational time where the k-NN model of six parameters needed 4898.27 s to
complete; however, the k-NN model of two parameters only needed 9.14 s to complete.

Table 8 shows the average accuracy of a k-NN model applied to dataset B. According
to Table 8, the model’s accuracy of two parameters is slightly better than the accuracy of
six parameters which is improved from 78.345 % to 78.65 %. A significant difference was pre-
sented in computational time where the k-NN model of six parameters needed 4811.67 s to
complete; however, the k-NN model of two parameters only needed 9.06 s to complete.

Table 9 shows the accuracy of classification models, the optimal parameters’ distance
formula (p), and the number of neighbors in each dataset and scenario for the VH and
VV bands’ combination. According to Table 9, additional bands in these scenarios do not
increase the model accuracy significantly. As seen in dataset A, the growth is only by
0.1 % between Scenario 2 (VV, VH, and VV-VH) and Scenario 3 (VV, VH, VV-VH, (VV/VH),
and (VV+VH)/2). Table 9 shows that Scenario 1 (VV and VH) has the highest overall
accuracy of 75 % in dataset A. The distance calculation method (p) used is the Euclidean
distance with a number of neighbors (n_neighbors) of 27. In dataset B, the model’s accuracy
is 78.81 % with the Manhattan distance and a number of neighbors of 26. The study
concludes that adding VH and VV bands” combination does not increase the accuracy of
garlic field classification models generated using the k-NN algorithm. The classification
results of the garlic and non-garlic area using k-NN are visualized in Figure 4.

Table 9. Model’s accuracy and the optimal hyperparameters in k-NN.

Dataset A Dataset B
Scenario n_neighbors Accuracy (%) P n_neighbors Accuracy (%)
1 2 (Euclidean) 27 75.00 1 (Manhattan) 26 78.81
2 1 (Manhattan) 27 74.64 2 (Euclidean) 29 78.45
3 1 (Manhattan) 29 74.76 2 (Euclidean) 28 78.69

MLC is a parametric classification process where the probability distribution in each
class is assumed to be normal. The maximum likelihood method in classifyRasclass, a
function in the Rasclass package in the R programming language, was utilized to implement
the MLC algorithm. An output in the raster grid was generated as part of the classification
process, along with accuracy, the confusion matrix, and the kappa coefficient.

Table 10 shows the model’s accuracy generated using the MLC algorithm on each dataset
and scenario for VH and VV bands’ combination. In Scenarios 2 and 3, datasets A and B were
not able to produce the classification model and accuracy was denoted as Inf. This occurred
because there was a determinant value of the variance—covariance matrix of the training
data that was near zero, as presented in Table 11. The MLC algorithm formula in the
denominator is the determinant of the variance—covariance matrix, resulting in an infinite.
Thus, Scenario 1 has the highest overall accuracy in datasets A and B, with 74.88 % and
76.31 %, respectively.
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Figure 4. Classification results of garlic and non-garlic areas using k-NN on (a) 13 July 2019 and
(b) 10 November 2019. Note: green indicates the garlic field, and white indicates the non-garlic field.

Table 10. Classification model accuracy for datasets A and B.

Accuracy (%)
Dataset
Scenario 1 Scenario 2 Scenario 3
A 74.88 Inf Inf
B 76.31 Inf Inf

Table 11. Determinant of the variance-covariance matrix for datasets A and B.

Garlic Field Non-Garlic Field
Dataset A Dataset B Dataset A Dataset B
Scenario 1 3.14 3.49 75.02 79.45
Determinant  Scenario2 557 x 1071° 621 x 1071 666 x 10714  —6.35 x 10713
Scenario3 295 x 1073  3.01 x 10734 1.08 x 10~2° 0

3.2. Evaluation of Classification Models

This study compares k-NN and MLC models for garlic field classification based on
training time, accuracy, precision, recall, and kappa coefficient. The k-NN and MLC compu-
tation were conducted using an Intel Core 1i3-6006U PC with 4 GB of RAM. Table 12 com-
pares the training time and accuracy achieved by the k-NN and MLC classification models.
The best model using dataset B in Scenario 1 takes 0.8 s to train the training data using
the MLC method. On the other hand, the overall training time for the classification model
using the k-NN method is roughly 8.75 s slower but the model has better accuracy than
MLC. Based on this result, it can be concluded that modeling using the k-NN method
improves accuracy, while the MLC approach is efficient for garlic field classification. This
is consistent with the claim that the MLC method is a parametric algorithm with benefits
over non-parametric algorithms such as the k-NN method in terms of training time. The
k-NN outperforms the MLC in terms of accuracy, where the k-NN model’s accuracy is
2.50% higher than the classifier from MLC, as presented in Table 12. When the assumption
of normality datasets is known, the MLC is a good option, especially in terms of efficiency.
K-NN has the benefit of generating classification models without knowing the assumption
of normality datasets.

The garlic field classification models were evaluated using the accuracy, precision
testing, recall, and kappa coefficient, as depicted in the confusion matrix presented in
Tables 13 and 14. According to the result of the k-NN and MLC classifier, the number of
true positive and true negative objects in dataset B is higher than in dataset A.
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Table 12. Comparison of training time and model’s accuracy generated using the k-NN and

MLC methods.
Method Time (s) Accuracy (%)
k-nearest neighbor 9.55 78.81
Maximum likelihood classification 0.8 76.31

Table 13. Confusion matrix of classification model generated using the k-NN method.

Prediction Class

Actual Class Dataset A Dataset B
Garlic Field Non-Garlic Field Garlic Field Non-Garlic Field
Garlic field 359 61 374 46
Non-garlic field 149 271 132 288

Table 14. Confusion matrix of classification model generated using the MLC method.

Prediction Class

Actual Class Dataset A Dataset B
Garlic Field Non-Garlic Field Garlic Field Non-Garlic Field
Garlic field 407 39 371 32
Non-garlic field 172 222 167 270

In addition, according to the confusion matrix presented in Tables 13 and 14, both
k-NN and MLC classifiers do not work well on the objects with the labeled non-garlic
field. In the k-NN model, about 35.48% of objects of the non-garlic field are classified
as garlic fields in dataset A. In dataset B, approximately 31.43% of non-garlic objects are
classified as garlic fields. Similarly to results in MLC, the number of non-garlic field objects
incorrectly classified as garlic fields is about 43.65% in dataset A and 38.22% in dataset B.
Thus, dataset B produces the best garlic field classification model in all scenarios of VH
and VV bands’ combination. Dataset B performs better because there were variations in
the planting period and garlic age.

The kappa, precision, and recall of the classification models are presented in Tables 15—
17, respectively. The kappa values of k-NN and MLC classifiers range from 0.48 to 0.58,
meaning that the models are imperfect in classifying garlic and non-garlic fields. The
precision of the garlic field class is lower than for the non-garlic class. MLC and k-NN
classifiers have a lower precision of garlic field than the non-garlic class because the number
of false positive (FP) objects is higher than false negative (FN) objects. An FN indicates
the number of garlic fields that the model incorrectly classifies as the non-garlic field. An
FP represents the number of non-garlic fields that are correctly classified by the classifier
as being garlic fields. To achieve a higher success rate in identifying the garlic fields, the
FN value should be as low as possible to obtain a high recall. The recall of garlic classes
in dataset B is 89% and 92%, respectively, resulting from k-NN and MLC, which is higher
than in dataset A.

Table 15. Kappa value of classification models generated using the k-NN and MLC methods.

Kappa Accuracy (%)
k-NN Algorithm  MLC Algorithm  k-NN Algorithm  MLC Algorithm
Dataset A 0.50 0.48 75.00 74.88
Dataset B 0.58 0.53 78.81 76.31
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Table 16. Precision and recall of garlic classification model generated using the k-NN method.

Dataset A Dataset B
Precision (%) Recall (%) Precision (%) Recall (%)
Garlic field 71 85 74 89
Non-garlic field 82 65 86 69
Average 77 75 80 79

Table 17. Precision and recall of garlic classification model generated using the MLC method.

Dataset A Dataset B
Precision (%) Recall (%) Precision (%) Recall (%)
Garlic field 70 91 69 92
Non-garlic field 85 56 89 62
Average 78 74 79 77

According to the precision, more than 80% of non-garlic fields are predicted as being
non-garlic fields in both dataset A and dataset B, as presented in Tables 16 and 17. The
distribution of features VV and VH in Sentinel-1A is presented in Figure 5. The band VV
and VH of garlic objects are overlapped with the non-garlic objects, as presented in Figure 5.
More band combinations of VV and VH can be considered to separate garlic objects” band
distribution from non-garlic objects. Therefore, the number of incorrectly classified objects
will decrease.

Non-garlic-Band VWV Non-garlic-Band VH
500 4 Garlic-Band VV 400 Garlic-Band VH
400 1
300
300 1
200
200 1
100 1 100
0 T T T T T 0 T T T T T T T T
=15 -10 -5 0 5 =225 =200 =175 =150 =125 -100 =75 =50 -25
Band VV Band VH

Figure 5. Histograms of the two classes in the VV and VH bands (decibel (dB)) of Sentinel-1A
images [35].

4. Discussion

This section discusses garlic field classification models generated using the k-NN and
MLC models compared to the models from other machine learning algorithms developed
in previous studies [8-10]. Table 18 provides the best models from the k-NN algorithm and
MLC compared to the classifiers developed in previous studies. The classification model
using the k-NN algorithm is better than the decision tree (DT) model [9] with an increase
in accuracy of 0.36%, support vector machine (SVM) [8] with an increase in accuracy of
2.03%, and random forest (RF) [10] with an increase in accuracy of 0.36%. The conventional
machine learning algorithms were implemented on Sentinel-1A satellite images [9,10].
DT, SVM, k-NN, and RF work on the pixel-based datasets with vertical-vertical (VV)
and vertical-horizontal (VH) bands. The accuracy of classification models ranges from
76.78% to 78.81%. MLC produces the model with the lowest accuracy among the classifica-
tion algorithms applied to garlic datasets. In addition to conventional machine learning
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algorithms, the previous study applied the convolutional neural network (CNN) to the
Sentinel-1A satellite images. The CNN works on image-based classification in identifying
garlic and non-garlic fields. The classification model has an accuracy of 86.36% [35] which
is much higher than the accuracy of classifiers generated from pixel-based datasets. Ac-
cording to the results of previous studies, it can be summarized that the machine learning
algorithms are more accurate in garlic field classification using Sentinel-1A satellite images
than the statistical method. This is because the statistical method requires a normal data
distribution assumption.

Table 18. Comparison of the model’s accuracy in this study with previous studies.

Algorithm Accuracy (%)
Decision tree [9] 78.45
Support vector machine [8] 76.78
Random forest [10] 78.45
k-nearest neighbor 78.81
Maximum likelihood classification 76.31
Convolutional neural network [35] 86.36

5. Conclusions

The classification of Sentinel-1A satellite images in the garlic field was successfully
applied to two different datasets using the k-NN and MLC methods. The k-NN classification
result is slightly better than other classification methods with the highest accuracy of
78.81%. The k-NN computation, especially with regard to the training time, is faster
than other comparable methods, i.e., only 10 s. The best accuracy achieved from the
classification results using the MLC is 76.31%, with a training time of 0.8 s. Both the k--NN
and MLC models have limitations in classifying garlic objects because the VV and VH
band distribution was not separated well among garlic and non-garlic objects. This study
concludes that the machine learning approach is more suitable for pixel-based classification
for garlic field identification using Sentinel-1A satellite images than the statistical method.
The dataset’s quality is an issue to be solved in future work. The values of bands VV
and VH are overlapped on the pixel with the garlic and non-garlic classes, so the number
of misclassified pixels is high. Collecting new Sentinel-1A satellite images in different
periods of garlic planting is required in following work to identify garlic and non-garlic
objects clearly. The future study will improve the dataset quality to increase the model’s
accuracy. The improvement will be performed in future works by considering more band
combinations of VV and VH and the use of Sentinel 2-A with more bands than Sentinel-1A.
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