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ABSTRACT

Guava fruit in Latin is called Psidium Guajava L. is a tropical plant originating from Brazil, and distributed to Indonesia. One of the
fruit commodities found in Indonesia which is a leading commodity and continues to increase in production is guava. Guava is a
climacteric fruit due to chemical changes, namely the activity of the enzyme pyruvate which causes an increase in the amount of
acetaldehyde and ethanol so that CO2 production increases and ethylene produced during fruit ripening will increase the respiration
process. This research focuses on crystal guava fruit which is very commonly found in Indonesia, especially in East Java Province.
Where at the time of harvesting guava fruit of course have a different maturity. From these problems, researchers used the
Convolutional Neural Network (CNN) Algorithm to identify ripe guava fruit (Psidium Guajava L.) with image classification. From
this study, the CNN model using the VGG16 architecture that has been created in this study has an accuracy of 96% which is
approximately the same as the comparison of the accuracy of other CNN models and gets good performance on the testing model with
an accuracy rate of 83%.
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1. INTRODUCTION

Guava fruit in Latin called Psidium Guajava L. is a tropical plant originating from Brazil and spread to Indonesia through
Thailand. Guava fruit is round or oval in shape with light green skin. This fruit is one of the fruits that has good benefits for the body
because of the many nutrients contained in the fruit. Guava fruit contains high phenolic compounds and flavonoids. These compounds
are effective as antidotes to DPPH radicals [1]. The type of fruit that we know so far is divided into two groups, the first climatic group
and the second non-climatic group, where the climatic fruit will only hold a respiration reaction when ethylene is given at the pre-
climatic level and is no longer sensitive to ethylene after the increase in respiration begins [2]. Guava is a climatic fruit due to chemical
changes, namely the activity of the enzyme pyruvate which causes an increase in the amount of acetaldehyde and ethanol so that CO2
production increases and ethylene produced in ripening fruit will increase the respiration process. Therefore, the fruit must be harvested
in a mature condition and until now there are still many farmers harvesting guava fruit simultaneously without seeing the condition of
the maturity of the fruit. Whereas at the time of harvesting guava fruit certainly has a different maturity.

Where at the time of harvesting guava fruit certainly has different maturities. The results of the researcher's observation to guava
fruit farmers, stated that this plant was able to bear fruit when it was 2-3 months old even though it was planted from seeds which
caused the maturity of guava fruit to vary and the green fruit skin when the fruit was young and old would make it difficult for farmers
to identify the level of fruit maturity. Therefore, technology is needed that can facilitate farmers to identify the maturity of guava fruit.
Talking about the technology used to identify guava fruit, researchers focus on image processing, which later from a photo can produce
identifications about image processing. Several methods can be used to process an image, namely using the Convolutional Neural
Network (CNN) algorithm. Researchers chose this method because this method is widely used by various researchers to classify images
and is very accurate in identifying two-dimensional images [3] [4] [5] [6].

This research is related to the implementation of CNN (Convolutional Neural Network) to identify the maturity of crystal guava
fruit. Some research uses the Convolutional Neural Network (CNN) algorithm to process an image and get a good accuracy value,
namely the Design of Deep Learning Algorithm Convolutional Neural Network (CNN) for Image Classification of Arabica and
Robusta Coffee Types [7][8]. The research was made by Agricultural Engineering Students of Jember University which has similarities
in one of the characteristics [3], namely Convolutional Neural Network. In the study, the CNN model used has the provisions of input
data measuring 224x224 pixels, convolution layers four times, kernel size 3x3, train data totalling 15,984, testing data totalling 3,996
and producing parameters 12,944,034 neurons in the training model. From the results of these provisions, the accuracy rate is 100%
of the training data and 98.8% of the testing data. This accuracy is obtained when the learning rate is 0.00001 and epoch 100. The
dataset used in this study was taken in the crystal guava fruit plantation area in Tembokrejo Village, Gumuk Mas District, Jember
Regency with coordinates - 8.2709613 LS, 113.4369311 BT. The CNN architecture used is VGG16. In this research, the CNN model
used is VGG-16 by using 224x224 for the input image size. It is expected that the VGG16 architecture can identify the type of maturity
of crystal guava fruit by getting high accuracy, as well as with a fast model training process compared to previous researchers.

2. RESEARCH METHOD

Convolutional Neural Network (CNN) is an algorithm developed from Multilayer Perceptron (MLP) and is one of the deep
learning algorithms that can train large datasets with millions of parameters on two-dimensional data, such as images and sounds [9].
LeCun was the first to introduce CNNSs, inspired by previously established neurocognition models. LeNet is a form of CNN that was
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first applied by LeCun in the problem of handwritten number recognition. Convolutional Neural Network (CNN) has a layer with a
three-dimensional arrangement of neurons (width, height, depth). Width and height are measurements based on the layer, while depth
itself is set at the number of layers. The layer then sequentially goes through a series of processes. Processing can include the
convolution layer, pooling layer, normalization layer, fully connected layer, loss layer, and so on [10].

In general, the layers in CNN are divided into two types, namely the feature extraction layer and the classification layer. In the
first layer (feature extraction layer) is located at the beginning of the architecture over several layers and each layer is composed of
neurons connected to the local region of the previous layer. The convolutional layer is the first type of layer and the pooling layer is
the second layer. An activation function is applied in each layer. In this feature extraction layer receives input in the form of an image
directly by processing it so that the output is a vector to be processed in the next layer vector to be processed in the next layer. This
research aims to design a modified classification of guava fruit maturity automatically using the Convolutional Neural Network (CNN)
algorithm and find out how the accuracy level is obtained from the classification using the Convolutional Neural Network (CNN)
algorithm [11]. This research has a flow chart framework process to achieve these objectives, as shown in Figure 1.
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Figure 1. Flow of Research Method

2.1. Data Collecting

The author conducts direct observation with crystal guava farmers on their crystal guava plantations to collect datasets in the form
of crystal guava image images. The first step is to determine the size of the crystal guava fruit that will be used for the CNN system
process with a provision of 30 days. Data acquisition was conducted using a Canon EOS 4000D camera. Previously, guavas were
picked from the tree and collected, then placed in a studio box. The dataset will be grouped into two groups with a predetermined
arrangement. From the direct imaging of guava crystal objects, 184 images were obtained for the dataset.

2.2. Pre-processing

At this stage is a process to prepare the crystal guava dataset before other processes are carried out. Image data from the crystal
guava dataset is processed until it is ready to be used by the CNN architecture built. Data pre-processing receives input from image
data, then the data is divided into two parts, namely testing data and training data. Next, the image is transformed by resizing the image
pixels.

2.3. Modelling

This dataset was created by collecting all the data obtained from live portraits of individual crystal guava fruits. Two groups of
datasets were used: ripe and unripe. From all the live shots of the object, it was divided into two parts of 80: 20. Of these, 80% are
training data and 20% are test data. The coefficient distribution in the dataset is because the training data should be larger than the test
data to improve the performance of the CNN model, but the amount of test data is too small to be larger than the test data. This is so
as not to reduce the quality of accuracy.

2.4. Model Evaluation

In the model training stage, this dataset is created by collecting all the data obtained from the portrait of the crystal guava fruit
object directly. The dataset used has two groups, namely ripe and unripe. All the results of the object portrait are directly divided into
two parts 70:30, where 70% for training data and 30% for testing data. Therefore, each dataset consists of mature and raw types that
will be used to train CNN. Where this training data will later be used to train the CNN model algorithm for identification and test data
is used to test the performance of the trained model. The material used in this study consists of 180 ripe crystal guava fruit datasets
and 180 unripe crystal guava fruit datasets. The division of the dataset ratio is because the training data must be more than the testing
data to improve the performance of the CNN model, but the amount of test data is not too small so as not to reduce the quality of
testing.
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TP + TN
Accuracy = (1
TP+ FP+ TN + FN
TP
Sensitivity (Recall) = (2)
TP + FN
N
Specificity= (3)
TN + FP

Where TP is True Positive (True detected positive data), TN is True Negative (Number of correctly detected negative data), FP is
False Positive (Negative data but detected as positive data), and FN is False Negative (Positive data but detected as negative data).

3. RESULT AND ANALYSIS
3.1. Data Collecting

The Convolutional Neural Network algorithm in the network architecture can affect the accuracy of the model created. Then the
architecture can produce different accuracy or performance. In the image identification stage using the CNN algorithm, training data
that has high accuracy will be included first. The data that will be included in this training process is data that is ready to be processed
for the trial stage. Previously, it was necessary to identify 3 learning parameters. The parameters that must be identified to train the
architecture in this research are learning rate, batch size, and epochs.
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Figure 2. Convolutional Neural Network Architecture Design

Shown in Figure 2 is the CNN architecture design in the training process to identify crystal guava fruit. The architecture involves
convolution, pooling, flattening or fully connecting, and sigmoid activation processes. This research uses an input data size of
800x600x3. The length is 800 pixels, the height is 600 pixels and the thickness or number of three indicates the number of channels in
the image (Red, Green, Blue). In the first convolution process using a 3x3 kernel with the number of filters 16. Then the ReLu activation
function is added, which aims to convert negative values to zero (eliminate negative values in a convolution matrix). The convolution
output then enters the pooling process, which is used to reduce the matrix size. This research uses max pooling to get the new pooled
matrix value. The result is that the new matrix from the first convolution process is 178x178x16. Next, the feature map will be activated
using ReLu.

The second convolution process continues the first convolution result with an input matrix of 87x87x32. Just like before, this
second convolution process also uses the ReLu activation function. The third convolution process uses a 41x41 matrix input, a total of
64 filters and a 3x3 kernel size. Just like the previous process, it uses the ReLu activation function and uses max pooling. In the fourth
convolution process, the input matrix is 18x18, using 128 filters with a 3x3 kernel size. Then add the ReLu activation function and
proceed to the max pooling process. The following is a table of model structures formed from the training process.

Table 1. Test Results Using Data Testing

No Name Size Parameter
0 Input (800, 600, 3) 0

1  max pooling2d 2 (None, 28, 28, 256) 0

2 conv2d 7 (None, 28, 28, 512) 1180160
3 batch normalization 7 (None, 28, 28, 512) 2048
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4  conv2d 8 (None, 28, 28, 512) 2359808
5  batch _normalization 8 (None, 28, 28, 512) 2048
6 conv2d 9 (None, 28, 28, 512) 2359808
7  batch normalization 9 (None, 28, 28, 512) 2048
8  max pooling2d 3 (None, 14, 14, 512) 0
9  conv2d 10 (None, 14, 14, 512) 2359808
10 batch normalization 10 (None, 14, 14, 512) 2048
11 conv2d 11 (None, 14, 14, 512) 2359808
12 batch normalization 11 (None, 14, 14, 512) 2048
13 conv2d 12 (None, 14, 14,512) 2359808
14 batch normalization 12 (None, 14, 14, 512) 2048
15 max_pooling2d 4 (None, 7,7, 512) 0
16 Flatten (None, 25088) 0
17 Dense (None, 4096) 102764544
18 Dropout (None, 4096) 0
19 dense 1 (None, 4096) 16781312
20 dropout 1 (None, 4096) 0
21 dense 2 (None, 1) 4097

Total 134,281,537

Based on Table 2 above, this research forms the structure of the CNN model. To calculate the convolution input value using the
formula: input size + (2 x padding) — (filter size — 1). The total parameters formed from the model are 134,281,5374 neurons.

3.2. Pre-processing

The validation process uses 360 images of test data, which are divided into 2 classes, namely the raw class as many as 180 images
and the ripe class as many as 180 images, in the process of obtaining accuracy is done using a confusion matrix calculation. In
identifying the level of maturity of the crystal guava fruit contained in the image of the object portrait directly. This can be seen in the
table 2.

Table 2. Prediction Results of The Validation Process
Predict Class

Confusion Matrix

Mature Raw
Mature 151 29
Actual
Class 29 151

Based on the prediction table above, the model prediction results show quite good results compared to the verification data.
Among the 180 tested maturity images, 29 data were wrongly predicted, while in the 180 tested original images, only 29 data had
wrong predictions. From the table above, the accuracy can be calculated to be 83%. The training accuracy value is the value of
calculating the accuracy of the training dataset and the prediction of the model. Accuracy shows the ability of the model to classify the
dataset correctly [12]. [Loss indicates the number of errors that occur for each example in the dataset [12]. The results of data processing
using the CNN model design show different accuracy values for each treatment. Different treatments are learning rate and epoch. The
difference in treatment is done to compare which model is the best by paying attention to the parameter value. There are two parameter
values in testing model training data, namely accuracy train and loss train. A good model has a high accuracy value with a low loss
value [12].
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Figure 3. Training graph epoch 100, (a) training accuracy, (b) training loss

It is shown in Figure 3 that the training accuracy value at epoch = 100 graph is relatively constant. While the training loss graph
fluctuates, but not too large. The training accuracy value of epoch = 100 occurs at a learning rate of 0.0001 which is 96% with a training
loss of 0.140827. In the learning process the dataset will be rotated until it returns to its initial position in one round which is done
repeatedly, the process is called epoch. No research can claim the best epoch range in the learning process [13]. So that each study has
a different best epoch value. The learning process also requires optimization methods such as Stochastic Gradient Descent (SGD). This
research uses Adam's optimization. Optimization is carried out by learning and updating weights on neurons in the fully connected
layer. With the existence of a learning rate value parameter, the weight update process can be more optimal. The training accuracy value
is obtained when the learning rate is 0.0001, which is 96% with a training loss of 0.140827.

4. CONCLUSION

Based on the results of an analysis during the design, implementation, and testing of the system, the following conclusions can be
drawn The CNN model in this study uses input data with a size of 224x224 pixels, four convolution layers, 3x3 kernel size, 300 training
data while 60 testing data and produces neuron parameters with a total of 134,281,537 in the training model. From several learning rate
and epoch parameters, the best accuracy performance is obtained during training which is 96% with a training loss of 0.14. This accuracy
is obtained when the learning rate is 0.0001 and epoch 100. Parameter determination is done by trial and error to get optimal results,
because each classification has certain parameters and is different from one another.
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