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Crown density and foliage transparency are important parameters for tree
crown conditions. Previously, observers had performed crown density and
foliage transparency assessments manually, which could be a less efficient
process. This research aims to use the VGG-16 deep learning architecture to
classify the density and transparency of broadleaf tree crowns. In this study,
crown data sets for broadleaves trees were collected for four types of
broadleaves tree: cacao (theobroma cacao), durian (durio zibethinus), rubber
(havea brasiliensis), candlenut (aleurites moluccana); then the data is labeled
based on the crown density and foliage transparency scale card. Research
applies resize and augmentation preprocessing. The model training process
uses a scenario of 80% train data, 10% test data, and 10% validation data.
After training using the VGG-16 model, the test results showed impressive
accuracy, with the highest accuracy reaching 98.40% for candlenut trees,
rubber (96.00%), cacao (92.00%), and durian (86.60%). This research shows
quite good results in classifying the scale of crown density and foliage
transparency with four types of broadleaves tree (cacao, durian, rubber, and
candlenut) using VGG-16.
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1. INTRODUCTION

Conservation forests encompass areas with distinct characteristics and a primary goal of preserving

diverse plant and animal species and their ecosystems [1]. The characteristic of healthy forests is their ability
to maintain ecosystem balance and fulfil human needs [1]. The evaluation of forest health involves the
application of Forest Health Monitoring (FHM), which incorporates various indicators, including the vitality
indicator with parameters to assess the condition of the crown [2]. Assessment of crown condition consists of
five parameters, two of which are crown density and foliage transparency [3]. A forest is healthy if the crown

© SHM Publisher 222


https://creativecommons.org/licenses/by-sa/4.0/
mailto:rahmat.safei@fp.unila.ac.id
https://doi.org/10.52465/joscex.v4i4.2

Octarina, et.al/ J. Soft Comput. Explor., Vol. 4, No. 4, Desember 2023: 222 - 232 223

density is 55% or higher and the transparency level is between 0 and 45% [4]. This assessment is based on a
crown density and foliage transparency scale card, which assesses the percentage of sunlight reaching the forest
floor [5]. The manual measurement of crown density and foliage transparency is carried out by an observer
positioned below the tree being assessed. This assessment is carried out for all types of tree, including
broadleaves tree. The broadleaves have large and round crowns, hard woody trunks, and wide leaf shapes [6].
Manual crown density and foliage transparency measurements tend to be less effective because the assessment
uses the observer's visual vision. This can be overcome by using technology that can manage digital images,
one of which is deep learning.

Deep learning is a discipline in machine learning that can be implemented to classify objects [7]-[10].
A deep learning algorithm that can be used for image recognition is a convolutional neural network (CNN)
[11]-[13]. The basic concept of CNN is inspired by how the human brain processes image information. Visual
Geometric Group (VGG-16) is a CNN architecture that shows significant results for image classification
problems [14], [15]. VGG-16 is a CNN architecture that consists of sixteen layers, including 13 convolutional
layers with a kernel size of 3x3 and three fully connected layers [16].

Research on VGG-16 was carried out to identify diseases in sugarcane leaves. This research used a
dataset downloaded from the Kaggle platform, with 864 images of sugarcane leaves classified as healthy or
diseased. During the research, the data were devided into three segments: 80% of the data was used to train the
model, 10% for validation, and the remaining 10% for model testing. The research results showed that the
accuracy level reached 98%, with a precision level of 100%, a recall of 97% and an F1 value of 98% [17].

Another study utilizing the VGG-16 architecture aimed to classify diseases in grape leaf images into
four classes: black measles, leaf spot, healthy leaves, and leaf blight. The study achieved an accuracy of 97.25%
using test data obtained from the grape leaf dataset and 95% test data obtained from outside the grape leaf
dataset [18].

In addition to images of grape leaves and sugar cane leaves, research on coffee leaf diseases has also
been carried out using the VGG-16 architecture. This research encompassed four data splitting scenarios, where
the best results were obtained in the last scenario, namely 60:40, with an accuracy of 89% in the training data
and 95% in the validation data [19].

The VGG-16 architecture has been used to detect individual tree species. This study performed a
comparative analysis of accuracy results between VGG-16, random forest, and gradient boosting. The results
of this research show that the VGG-16 architecture has superior accuracy compared to the random forest and
gradient boosting, where the accuracy of VGG-16 is 92.13%, while random forest have an accuracy of 83.57%
and gradient boosting is 80.12% [20].

Research related to crown density and foliage transparency was carried out in the Wan Abdul
Rachman Forest Park (Tahura WAR) by Pertiwi in 2020 to assess the forest health condition. The research
stated that up to 25% (2 cluster plots) were in a good category, 38% (3 cluster plots) were in a good category,
12% (1 cluster plot) were in the medium category and 25% (2 cluster plots) were classified as very poor [21].

Research on crown density and foliage transparency using deep learning has yet to be previously
explored. In the field of flora, particularly employing the VGG-16 architecture, deep learning has focused
primarily on plant objects such as leaves for disease identification and trees for detecting individual tree
species. This study is motivated by the absence of such investigations and aims to classify the crown density
and foliage transparency scales for four different types of broadleaf trees. The classification is based on a crown
density-foliage transparency scale card, encompassing 10 classes from 5% to 95%, with a 10% interval. This
research is expected to contribute to facilitating the measurement process and improve accuracy in evaluating
crown density and foliage transparency.

2. METHOD
The procedures of this research involve a sequence of organized and deliberate processes designed to
achieve the research objectives. The steps described, illustrated in Figure 1, were implemented for this research.
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Figure 1. Research method

Based on Figure 1, the first stage of this research was collecting the broadleafe tree crown dataset. In
this case, four types of broadleaf tree are used: cacao tree, durian tree, rubber tree, and candlenut tree. After
the images have been collected, label the images into 10 classes of crown density and foliage transparency.
The next stage is preprocessing with resizing and augmentation before training the model. After the preparation
of the data set, the next step is to train the model. This research proposes the VGG-16 architecture for training
and building models. The final stage is to evaluate the model using a confusion matrix.

Collecting Broadleaf Tree Crown Dataset

Collecting broadleaves tree crown datasets is the first step in the research. Because the broadleaves
tree crown dataset was unavailable online, we took an image of the crown, which became our data set. The
image of the crown of the broadleaf tree was obtained from the traditional block and candlenut plantation of
Tahura WAR, Kemiling, Bandar Lampung. Images of broadleaves trees are taken when light can penetrate the
forest floor. The image of the crown of the broadleaf tree was obtained by taking an image of the crown from
below and a distance of 10-20 cm from the trunk for all four sides of the tree. After collecting the data set, the
label was carried out according to the type of tree and a crown density and foliage transparency scale card,
which has 10 scale levels, as shown in Figure 2.
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Figure 2. Crown density and foliage transparency scale card
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The broadleaf tree crown images were then grouped according to each type of tree(cacao tree durian tree,
rubber tree, and candlenut tree), and labeling was carried out on each image. After being labeled, the results
will be verified manually by 15 respondents. The respondents in this study consisted of five students from the
Computer Science Department who participated in forest health research and 10 students from the Forestry
Department. These respondents are needed to ensure that the images have been grouped into the correct classes.
This is done to determine the correct label for each image based on the majority vote of the respondents. The
results of this stage are four broadleaves tree crown datasets with a total of 2557 crown images, as shown in
Table 1.

Table 1. Results of determining broadleaves tree crown image labels

Crown Density and Foliage Transparency Broadleaf tree types
Class Cacao Durian Rubber Candlenut
CD5_FT95 32 41 78 100
CD15_FT85 14 33 69 88
CD25_FT75 14 60 75 62
CD35_FT65 17 40 62 98
CD45_FT55 7 100 48 80
CD55_FT45 15 92 35 99
CD65_FT35 45 100 60 100
CD75_FT25 100 100 15 100
CD85_FT15 90 100 23 100
CD95_FT5 58 100 7 100
Total for each types of tree 392 766 472 927
Total 2557
notes:

CD = crown density
FT = foliage transparency

The metric CD, which denotes the density of the crown, serves as an indicator of the biomass of the
crown, representing the volume of all components within the crown, including the foliage, branches, and
reproductive structures [22]. Canopy transparency, which indicates the amount of sunlight reaching the forest
floor, is expressed as FT (Foliage Transparency) [23].

Preprocessing and Data Splitting

Pre-processing is a stage designed to prepare data before model training to improve model
performance [24]. The applied pre-processing techniques include resizing and augmentation. We carry out the
augmentation process to increase the number of datasets and reduce overfitting [25]. The addition of data sets
is implemented to improve the network's classification capability of the network [26]. Initial preprocessing
involves resizing, reducing the image size from its original 1600x1600 pixels to 224x224 pixels [17]. Later,
augmentation is applied to the images, involving rescaling by a factor of 1/225, horizontal and vertical flips,
random rotation within a range of 25 ° (both maximum and minimum) [26], zooming in at 0.8 [27], adjusting
brightness upward within the range of 1.0 to 1.5, and decreasing brightness to 0.8 [28]. The augmentation
process will increase the number of images to 5000 for each tree type.

We perform data splitting by dividing the dataset into three subsets: training data, testing data, and
validation data. Training data are employed for the model training process, testing data is utilized to assess the
model's performance, and the validation data is instrumental in mitigating overfitting during the model
validation phase. The data splitting ratio used in this research is 80% training data, 10% test data, and 10%
training data [17], [28].

Deep Learning Architecture VGG-16

Visual Geometry Group (VGG-16) is an AlexNet that has undergone modifications to the convolution
filter, where the filter used is 3x3 smaller than the 5x5 or 11x11 filters [9]. AlexNet is a groundbreaking deep
neural network developed in 2012 for image classification and won the ImageNet LSFRC-2010 competition
with 62 million trainable parameters [29]. The VGG-16 architecture has more parameters and network depth
than AlexNet, with 138 million parameters. VGG-16 is faster in training than AlexNet because it has implicit
regularization. Implicit regularization is caused by greater depth and smaller convolution filters, so the network
can generalize better from training data to test data [30].
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Figure 3. Visual geometry group (VGG-16) architecture

The VGG-16 architecture consists of 13 convolution layers, five pooling layers, two fully connected
layers, and one output layer, as shown in Figure 3 [16]. The VGG-16 model training process involves the
utilization of training data and hyperparameters to enhance model performance. These hyperparameters
encompass the epoch, batch size, optimizer, and learning rate.

The broadleaves tree crown dataset comprises 5000 images for each tree type, with 500 images per
class. Consequently, the cumulative images for the four broadleaf tree crown datasets amount to 20,000. The
selected tree species include cacao, durian, rubber, and candlenut, each exhibiting distinct characteristics.
Therefore, different hyperparameter configurations are required to achieve the best accuracy. The epoch
hyperparameter uses the early stopping callback function. To streamline the training process, we implement
early stopping, which discontinues model training upon a decline in performance in the validation dataset.

Table 2. The structure of the VGG-16 model for broadleaves tree
VGG-16 Model Structure of Broadleaf Tree

Cacao Durian Rubber Candlenut
Input Layer Input Layer Input Layer Input Layer
Conv2D Conv2D Conv2D Conv2D
MaxPooling2D MaxPooling2D MaxPooling2D MaxPooling2D
Flatten Flatten Flatten Flatten
Dense (10) Dropout (0,4) Dropout (0,2) Dense (10)
Dense (10) Dense (10)

Table 2 presents the architecture of the VGG-16 model applied for the broadleaves tree, specifically
the VGG-16 base model (input layer, Conv2D and MaxPooling2D) with the addition of flatten layer and dense
layers with units of 10 that adjust the number of classes on the crown density-foliage transparency scale cards.
Nevertheless, there are subtle divergences in the structure of the VGG-16 model for the four distinct types of
broadleaves tree. Durian and rubber trees use dropout layers of 0.4 and 0.2 to help increase model accuracy
and reduce overfitting by randomly ignoring some units in each training epoch [31]. In addition to the structure
of the VGG-16 model, the combination of hyperparameters in the four types of trees also has slight differences.
Hyperparameters applied to four types of broadleaves tree can be seen in Table 3.

Table 3. Hyperparameters of the VGG-16 model for broadleaves tree [32]

Broadleaves tree types

Hyperparameter Cacao Durian Rubber Candlenut
Epoch 31 13 11 35
Batch Size 32 32 32 64
Learning Rate 0,0001 0,0001 0.0001 0,001
Optimizer Adam Adam Adam Adam

The training of the VGG-16 model initially set epochs at 100, but the early stop function with patience
4 stopped the training process when the model did not show a significant increase for 4 consecutive epochs.
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Model Evaluate

Evaluation of the VGG-16 deep learning model involves the use of two key metrics: the Confusion
Matrix and the classification report. The confusion matrix assesses true positives (TP), true negatives (TN),
false positives (FP), and false negatives (FN), providing insight into the model's classification accuracy.
Meanwhile, the classification report further explores, offering information on precision, recall, F1 score, and
accuracy, contributing to a comprehensive understanding of the effectiveness [33]. This section explains
accuracy, precision, recall, and F1-score [34], [35].

The accuracy value is obtained by dividing the true positive classifications by the total number of
samples in the test data. The accuracy value is calculated using Equation 1.

TP

Accuracy =

€]

Nsamples

Precision can be interpreted as the relevance between the requested information and the response to
that request. The precision is formulated as in Equation 2.

Precision = —— 2
TP+FP

Recall measures the model's ability to detect true classes predicted as other classes or the true class
predicted correctly. The recall value is formulated as in Equation 3.

TP

Recall = TPIEN 3)

The F1-score is the average value of recall and precision. The fl-score value is formulated as in
Equation 4.

Recall xPrecision

F1-Score = 2 x (4)

Recall+Precision

3. RESULTS AND DISCUSSIONS
VGG-16 Model Evaluate For Cacao Tree
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Figure 2. (a) accuracy and (b) loss VGG-16 model for cacao tree

The VGG-16 model for cacao trees, trained on the Tesla K80 machine, exhibits an accuracy of 93.40%
and a loss of 26.93%. The accuracy and loss trends for the cacao tree model during training and validation are
illustrated in Figures 4a and 4b, respectively. Figure 4a indicates a relatively stable accuracy trend, with no
significant variations observed from the first to the 32nd epoch. In Figure 4b, the loss value shows a decreasing
trend over the same epoch range, signifying a reasonably stable reduction in loss, particularly in the training
phase.

The test results for the VGG-16 cacao tree model have an accuracy of 92.00%. Performance metrics,
including accuracy, precision, recall, and F1 score, were computed based on the confusion matrix to assess the
predictive accuracy. Table 4 provides a detailed breakdown of the accuracy, precision, recall, and F1-score
values for the VGG-16 cacao tree model.

Table 4. Results of the VGG-16 model for the cacao tree
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Class Precision Recall F1-score
CD5_FT95 83,02% 88,00% 85,44%
CD15_FT85 90,91% 80,00% 85,11%
CD25_FT75 92,31% 96,00% 94,12%
CD35_FT65 100,00% 98,00% 98,99%
CD45_FT55 96,00% 96,00% 96,00%
CD55_FT45 88,46% 92,00% 90,20%
CD65_FT35 95,83% 92,00% 93,88%
CD75_FT25 87,27% 96,00% 91,43%
CD85_FT15 91,30% 84,00% 87,50%
CD95_FT5 96,08% 98,00% 97,03%
Macro Average 92,12% 92,00% 91,97%
Accuracy 92,00%
Error 8,00%

According to Table 4, implementing the VGG-16 model on cacao trees, using a specific set of
hyperparameters, gives quite good results in classifying the images of the crown of cacao trees into crown
density and foliage transparency classes. This result is indicated by an accuracy value of 92%, average precision
of 92.12%, average recall of 92%, f1-score value of 91.97%, and error of 8%.

VGG-16 Model Evaluate for Durian Tree
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Figure 3. (a) accuracy and (b) VGG-16 loss model for durian tree

The training process of the VGG-16 model for durian trees resulted in an accuracy of 86.20% and a
loss of 28.78. The progression of the accuracy of the model during the training and validation stages is depicted
in Figure 5a. Training accuracy exhibited an incremental trend with occasional minor fluctuations, notably in
the 11th epoch, where a slight decrease occurred. On the contrary, the movement of the validation accuracy
graph fluctuated quite a bit at each epoch. Figure 5b illustrates the loss of the VGG-16 durian tree model during
the training and validation stages. Both training and validation loss values experienced a reduction,
demonstrating a tendency to stabilize at each epoch. The test results for the VGG-16 model for durian trees
resulted in an accuracy of 86.60%. The accuracy, precision, recall and fl-score values obtained from the
confusion matrix for the VGG-16 model for classifying durian tree crown density and foliage transparency can
be seen in Table 5.

Table 5. Results of the VGG-16 model for durian tree

Class Precision Recall F1-score
CD5_FT95 100,00% 98,00% 98,99%
CD15_FT85 47,62% 40,00% 43,48%
CD25_FT75 45,61% 52,00% 48,60%
CD35_FT65 98,00% 98,00% 98,00%
CD45_FT55 97,96% 96,00% 96,97%
CD55_FT45 98,00% 98,00% 98,00%
CD65_FT35 100,00% 94,00% 96,91%
CD75_FT25 89,09% 98,00% 93,33%

CD85_FT15 95,83% 92,00% 93,88%
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Class Precision Recall F1-score

CD95_FT5 94,34% 100,00% 97,09%

Macro Average 86,65% 86,60% 86,52%
Accuracy 86,60%
Error 13,40%

Based on Table 5, the VGG-16 model applied to durian trees, using a combination of hyperparameters,
exhibits favorable results in classifying durian tree crown images into crown density and foliage transparency
classes, except for the CD15_FT85 and CD25_FT75 classes. These two classes show lower precision, recall,
and f1-score values due to the higher number of errors in class classification. This can be caused by similar
characteristics in the CD15_FT85 and CD25_FT75 classes or by errors during the data labeling process. The
VGG-16 model for durian trees achieved an accuracy value of 86.60%, an average precision of 86.65%, an
average recall of 86.60%, an f1-score of 86.52%, and an error rate of 13.40%.

VGG-16 Model Evaluate for Rubber Tree
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Figure 4. (a) accuracy and (b) VGG-16 loss model for rubber tree

The training phase for rubber trees yielded an accuracy of 97.30% and a loss value of 8.33%, as
illustrated in Figure 6. Figure 6a is a graph of model accuracy with training and test data. The graph shows
movement that was less stable at the beginning of the epoch but after the fourth epoch, it was stable at a value
of 0.9. Figure 6b illustrates the loss graph during the training phase of the rubber tree VGG-16 model, with a
significant decrease in loss values observed in the second epoch and relative stability after that.

Evaluation of the VGG-16 model for rubber trees through testing resulted in a test accuracy of 96.20%.
The corresponding accuracy, precision, recall, and f1-score values obtained from the confusion matrix for the
VGG-16 model in the classification of rubber tree crown density and foliage transparency are detailed in Table
6.

Table 6. Results of the VGG-16 model for rubber tree

Class Precision Recall F1-score
CD5_FT95 97,83% 90,00% 93,75%
CD15_FT85 92,45% 98,00% 95,15%
CD25_FT75 95,74% 90,00% 92,78%
CD35_FT65 96,00% 96,00% 96,00%
CD45_FT55 90,91% 100,00% 95,24%
CD55_FT45 96,15% 100,00% 98,04%
CD65_FT35 100,00% 92,00% 95,83%
CD75_FT25 96,15% 100,00% 98,04%
CD85_FT15 98,00% 98,00% 98,00%
CD95 FT5 100,00% 98,00% 98,99%
Macro Average 96,32% 96,20% 96,18%
Accuracy 96,20%
Error 3,80%

According to Table 6, the VGG-16 model applied to rubber trees with a combination of hyperparameters
gives good results in classifying rubber tree crown images into crown density and foliage transparency classes.
This is indicated by an accuracy value of 96.20%, This is indicated by an accuracy value of 96.20%, average
precision of 96.32%, average recall of 96.20%, f1-score value of 96.18%, and error of 3.80%.

VGG-16 Mode Evaluate for Candlenut Tree
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Figure 5. (a) accuracy and (b) VGG-16 loss model for candlenut tree

The training phase of the VGG-16 model for candlenut trees resulted in an accuracy of 98.40% and a
minimal loss value of 0.29%. Figure 7a shows an accuracy graph during the training stage with training data
and validation data up to the 35th epoch. The graph shows a relatively stable movement that tends to stabilize
after the fourth epoch at 0.9. The training accuracy graph displays a slightly more stable trend than the
validation accuracy graph, which shows fluctuations in model performance when evaluated with new data.
These fluctuations can occur because the model adapts to new data. Figure 7b illustrates the graph of training
and validation loss values, which exhibits a decreasing trend that stabilizes below 0.1 after the fourth epoch.
Currently, the validation loss values exhibit stabilization after the 10th epoch, consistently remaining below
0.1.

The VGG-16 model testing stage for candlenut trees resulted in a test accuracy of 98.00%. The accuracy,
precision, recall and fl-score values obtained from the confusion matrix for the VGG-16 The accuracy,
precision, recall and f1-score values obtained from the confusion matrix for the VGG-16 model for classifying
the crown density and foliage transparency of the candlenut tree crown can be seen in Table 7.

Table 7. Results of the VGG-16 model for the candlenut tree

Class Precision Recall F1-score
CD5_FT95 100,00% 100,00% 100,00%
CD15_FT85 100,00% 100,00% 100,00%
CD25 _FT75 96,15% 100,00% 98,04%
CD35_FT65 94,00% 94,00% 94,00%
CD45_FT55 100,00% 92,00% 95,83%
CD55_FT45 100,00% 100,00% 100,00%
CD65_FT35 96,08% 98,00% 97,03%
CD75_FT25 98,04% 100,00% 99,01%
CD85_FT15 96,00% 96,00% 96,00%
CD95 FT5 100,00% 100,00% 100,00%
Macro Average 98,03% 98,00% 97,99%
Accuracy 98,40%
Error 1,60%

Based on Table 7, the VGG-16 model applied to candlenut trees with a combination of hyperparameters
gives quite good results in classifying candlenut tree crown images into crown density and foliage transparency
classes. This is evident through various model evaluation metrics: an accuracy rate of 98.40%, an average
precision of 98.03%, an average recall of 98%, an f1-score value of 97.99%, and an error rate of 1.60%.

4. CONCLUSION

This study demonstrates that the measurement of crown density and the foliage transparency scale
can be implemented using VGG-16, similar to other research classifications of leaf diseases. The classification
results for crown density and foliage transparency scales in four types of broadleaves trees (cacao, durian,
rubber, and candlenut) using VGG-16 demonstrated good performance, as indicated by high testing accuracy,
precision, recall and fl-score values. The test accuracy results were cacao trees (92.00%), durian trees
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(86.60%), rubber trees (96.60%), and candlenut trees (98.40%). The average precision values, reflecting the
accuracy in predicting data, were cacao trees (92.12%), durian trees (86.65%), rubber trees (96.32%), and
candlenut trees (98.03%). Consequently, the average recall values for cacao trees (92.00%), durian trees
(86.60%), rubber trees (96.20%), and candlenut trees (98.00%) were obtained. This research, conducted
successfully with subjects from cacao, durian, rubber, and candlenut trees, anticipates future research to
introduce variations in broadleaves tree crown data, encompassing diverse tree types, and to compare these
variations with other deep learning architectures for potentially enhanced results.

REFERENCES

[1] R. Safe’i, H. Kaskoyo, A. Darmawan, and Y. Indriani, “Kajian Kesehatan Hutan Dalam Pengelolaan Hutan Konservasi,” Hut
Trop, vol. 4, no. 2, pp. 70-76, 2020.

[2] A. Feriansyah, R. Safe’i, A. Darmawan, and H. Kaskoyo, “Status Kesehatan Hutan Berdasarkan Indikator Kondisi Tajuk (Studi
Pada Tiga Fungsi Hutan di Provinsi Lampung),” in Konservasi Sumber Daya Alam Untuk Pembangunan Berkelanjutan, Bandar
Lampung: LPPM Universitas Lampung, 2020, pp. 243-249.

[3] L. Pratiwi and R. Safe’i, “Penilaian Vitalitas Pohon Jati dengan Forest Health Monitoring di KPH Balapulang,” J.
EcoGreenJournal For. Enviromental Sci., vol. 4, no. 1, pp. 9-15, 2018.

[4] A. Feriansyah, R. Safe’i, A. Darmawan, and H. Kaskoyo, “Comparison of Crown Health Assessment Using Forest Health
Monitoring and Remote Sensing Techniques (Case Study: KTH Lestari Jaya 8, KPHL Kota Agung Utara, Lampung),” IOP
Conf. Ser. Earth Environ. Sci., vol. 1115, no. 1, 2022, doi: 10.1088/1755-1315/1115/1/012055.

[5] Supriyanto and T. Iskandar, “Penilaian Kesehatan Kebun Benih Semai Pinus Merkusii Dengan Metode FHM (Forest Health
Monitoring) di KPH Sumedang,” J. Trop. Silvic., vol. 9, no. 2, 2019, doi: 10.29244/j-siltrop.9.2.99-108.

[6] S. A. Paembonan, Silvika Ekofisiologi dan Pertumbuhan Pohon, 1st ed. Makassar: Fakultas Kehutanan Universitas Hasanuddin,
2020.

[7] B. M. Abuhayi and A. A. Mossa, “Coffee disease classification using Convolutional Neural Network based on feature
concatenation,” Informatics Med. Unlocked, vol. 39, p. 101245, 2023, doi: 10.1016/j.imu.2023.101245.

[8] B. Prasetiyo, Alamsyah, M. F. Al Hakim, Jumanto, and M. H. Adi, “Differential augmentation data for vehicle classification
using convolutional neural network,” 2023, p. 040001. doi: 10.1063/5.0126720.

[9] A. A. Hakim, E. Juanara, and R. Rispandi, “Mask Detection System with Computer Vision-Based on CNN and YOLO Method
Using Nvidia Jetson Nano,” J. Inf. Syst. Explor. Res., vol. 1, no. 2, Jul. 2023, doi: 10.52465/joiser.v1i2.175.

[10] P. Pampoukstsi et al., “Techniques of Applied Machine Learning Being Utilized for the Purpose of Selecting and Placing Human
Resources within the Public Sector,” J. Inf. Syst. Explor. Res., vol. 1, no. 1, pp. 1-16, Dec. 2022, doi: 10.52465/joiser.v1i1.91.

[11] A. U. Haq, J. Li, M. H. Memon, and A. Malik, “Feature Selection Based on L1-Norm Support Vector Machine and Effective
Recognition System for Parkinson * s disease Using Voice Recordings,” IEEE Access, vol. PP, no. c, p. 1, 2019, doi:
10.1109/ACCESS.2019.2906350.

[12] H. Syamsudin, S. Khalidah, and J. Unjung, “Lepidoptera Classification Using Convolutional Neural Network EfficientNet-B0,”
Indones. J. Artif. Intell. Data Min., vol. 7, no. 1, Nov. 2023, doi: 10.24014/ijaidm.v7i1.24586.

[13] X. Wu et al., “CTransCNN: Combining transformer and CNN in multilabel medical image classification,” Knowledge-Based
Syst., vol. 281, p. 111030, Dec. 2023, doi: 10.1016/j.knosys.2023.111030.

[14] L. Alzubaidi et al., “Review of deep learning: concepts, CNN architectures, challenges, applications, future directions,” J. Big
Data, vol. 8, no. 1, p. 53, Mar. 2021, doi: 10.1186/s40537-021-00444-8.

[15] G. S. Nijaguna, J. A. Babu, B. D. Parameshachari, R. P. de Prado, and J. Frnda, “Quantum Fruit Fly algorithm and ResNet50-
VGG16 for medical diagnosis,” Appl. Soft Comput., vol. 136, p. 110055, Mar. 2023, doi: 10.1016/j.as0c.2023.110055.

[16] S. Tammina, “Transfer learning using VGG-16 with Deep Convolutional Neural Network for Classifying Images,” Int. J. Sci.
Res. Publ., vol. 9, no. 10, 2019, doi: 10.29322/1JSRP.9.10.2019.p9420.

[17] W. L. Pratitis, Kursini, and H. Al Fata, “Classification of Spotted Disease on Sugarcane Leaf Image Using Convolutional Neural
Network Algorithm,” JTECS J. Sist. Telekomun. Elektron. Sist. Kontrol Power Sist. Komput., vol. 3, no. 1, pp. 117-128, 2023,
doi: 10.32503/jtecs.v3i2.3433.

[18] M. A. Hasan, Y. Riyanto, and D. Riana, “Klasifikasi penyakit citra daun anggur menggunakan model CNN-VGG16,” J. Teknol.
dan Sist. Komput., vol. 9, no. 4, pp. 218-223, 2021, doi: 10.14710/jtsiskom.2021.14013.

[19] R. Windiawan and A. Suharso, “Identifikasi Penyakit pada Daun Kopi Menggunakan Metode Deep Learning,” ExplorelT, vol.
5, no. 36, pp. 9-16, 2021, doi: https://doi.org/10.35891/explorit.v13i2.2689.

[20] M. Rezaee, Y. Zhang, and R. Mishra, “Using a VGG-16 Network for Individual Tree Species Detection with an Object-Based
Approach,” in 2018 10th IAPR Workshop on Pattern Recognition in Remote Sensing (PRRS), Beijing, China: IEEE, 2018, pp.
1-7. doi: 10.1109/PRRS.2018.8486395.

[21] D. Pertiwi, R. Safe’i, and H. Kaskoyo, “Forest Health at Wan Abdul Rachman Forest Park Lampung Province,” J. Hutan Trop.,
vol. 8, no. 3, pp. 251-259, 2020.

[22] L. de L. Saavedra-Romero, D. Alvarado-Rosales, P. H. La Rosa, T. Martinez-Trinidad, G. Mora-Aguilera, and J. Villa-Castillo,
“Canopy condition: Health indicator of urban trees in the San Juan de Aragon Forest, Mexico City,” Sustain. For., vol. 5, no. 1,
p. 85, 2022, doi: 10.24294/sf.v5i1.1623.

[23] R. Safe’i, A. Darmawan, H. Kaskoyo, and C. F. G. Rezinda, “Analysis of Changes in Forest Health Status Values in Conservation
Forest (Case Study: Plant and Animal Collection Blocks in Wan Abdul Rachman Forest Park (Tahura WAR)),” J. Phys. Conf.
Ser., vol. 1842, no. 1, 2021, doi: 10.1088/1742-6596/1842/1/012049.

[24] D. Murcia-gémez, |. Rojas-valenzuela, and O. Valenzuela, “Impact of Image Preprocessing Methods and Deep Learning Models
for Classifying Histopathological Breast Cancer Images,” Appl. Sci., vol. 12, p. 11375, 2022, doi: 10.3390/app122211375.

[25] C. Shorten and T. M. Khoshgoftaar, “A survey on Image Data Augmentation for Deep Learning,” J. Big Data, vol. 6, no. 1,
2019, doi: 10.1186/s40537-019-0197-0.

[26] A. Julianto, A. Sunyoto, and F. W. Wibowo, “Optimasi Hyperparameter Convolutional Neural Network untuk Klasifikasi
Penyakit Tanaman Padi,” Teknimedia, vol. 3, no. 2, 2022.

[27] S. Shafi and A. Assad, “Exploring the Relationship Between Learning Rate, Batch Size, and Epochs in Deep Learning: An

[28]

Experimental Study,” in Soft Computing for Problem Solving, M. Thakur, S. Agnihotri, B. S. Rajpurohit, M. Pant, K. Deep, and
A. K. Nagar, Eds., Singapore: Springer Nature Singapore, 2023, pp. 201-209.
1. Kandel, M. Castelli, and L. Manzoni, “Brightness as an Augmentation Technique for Image Classification,” Emerg. Sci. J.,



232

[29]
[30]
[31]
[32]
[33]

[34]

[35]

Octarina. / J. Soft Comput. Explor., Vol. 4, No. 4, December 2023: 222 - 232

vol. 6, no. 4, pp. 881-892, 2022, doi: /10.28991/ESJ-2022-06-04-015.

H. C. Chen et al., “AlexNet Convolutional Neural Network for Disease Detection and Classification of Tomato Leaf,” Electron.,
vol. 11, no. 6, pp. 1-17, 2022, doi: 10.3390/electronics11060951.

K. Simonyan and A. Zisserman, “Very Deep Convolutional Networks for Large-Scale Image Recognition,” 2015, doi:
/10.48550/arXiv.1409.1556.

P. A. Nugroho, L. Fenriana, and R. Arijanto, “Implementasi Deep Learning Menggunakan Convolutional Neural Network (CNN)
pada Ekspresi Manusia,” J. Algor, vol. 2, no. 1, pp. 12-21, 2020.

J.N. Mogan, C. P. Lee, K. M. Lim, and K. S. Muthu, “VGG16-MLP : Gait Recognition with Fine-Tuned VGG-16 and Multilayer
Perceptron,” Appl. Sci., vol. 12, p. 7639, 2022, doi: /10.3390/app12157639.

M. E. H, R. N. Wijaya, and H. K. Ahsan, “Enhancing cirrhosis detection : A deep learning approach with convolutional neural
networks,” J. Soft Comput. Explor., vol. 4, no. 4, pp. 196-205, 2023, doi: /10.52465/joscex.v4i3.2.

T. Sulistyowati, Purwanto, F. Alzami, and R. A. Pramunendar, “VGG16 Deep Learning Architecture Using Imbalance Data
Methods For The Detection Of Apple Leaf Diseases,” Monet. J. Keuang. dan Perbank., vol. 11, no. 1, pp. 41-53, 2023, doi:
10.32832/moneter.v11i1.57.

7. Vujovié, “Classification Model Evaluation Metrics,” Int. J. Adv. Comput. Sci. Appl., vol. 12, no. 6, pp. 599-606, 2021, doi:
10.14569/1JACSA.2021.0120670.



