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Introduction 

Pearls are one of the objects that have a high selling value. Especially now, pearls have been used as exquisite 

jewelry in fashion. Pearl value depends on several aspects. Good pearls have features, such as size, luster, shape, and 

texture that are not deformed or discolored and have a perfectly round shape. The ideal pearl is perfectly round and 

smooth, but there are also a variety of other conditions [1], [2]. In the pearl industry, most pearl-producing companies 

mainly rely on manual classification. Experienced professionals classify pearls according to size, texture, shape, luster, 

and other characteristics [2]. Although manual selection has the advantage of selecting pearls, the manual process 

takes quite a long time and has broad insight related to the types of pearls based on their quality [3]. In image 

classification, handcrafted features are easy to design only if the classification rules are simple. However, for pearl 

classification, it is pretty challenging to get clear classification rules, let alone create compelling, handcrafted features 

[2]. 

In recent years, with the rapid development of machine vision technology, the use of machine vision can be used 

to replace manual measurements made by humans, which is caused by several factors such as fatigue, time constraints, 

and human emotions in increasing the accuracy and efficiency of measurement for pearls [4]. In classification learning, 

an artificial neural network (ANN) is the most widely used model because of its ability to solve large data sets and 

powerful computations[5], on research [2] designing an automatic pearl classification machine using the Back 

Propagation Neural Network (BPNN) and multi-stream convolutional neural network (MS-CNN) methods, next 

upgrade[6] how to classify pearls automatically using Multiview pearl images where MVGAN is used to petrify 

MSCNN in Pearl image classification then segmented by shape by Xinying Liu et al. [7] .  

 In this study, we apply an Artificial Neural Network (ANN) to improve classification accuracy in Pearl's 

images [6] based on the Gray-Level Co-Occurrence Matrix (GLCM) [8] to get the value of contrast, correlation, 

energy, homogeneity of texture values, Texture value is used as a feature that distinguishes one image from another 
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Abstract  

In this study, the second-order Gray Level Co-occurrence Matrix (GLCM) and Pearl image classification were used using the 

Artificial Neural Network (ANN). No previous research combines the GLCM method with artificial neural networks in Pearl 

image classification. The number of images used in this study is 360 images with three labels, namely 120 A images, 120 AA 

images, and 120 AAA images. The epochs used in this study were 10, 20, 30, 40, 50, 60, 70, and 80. The test results at epoch 10 

get 80.00% accuracy, epoch 20 got 90.00% accuracy at epoch 30 gets 93.33% accuracy, epoch 40 get 94.44% accuracy, while 

epoch 50 got 95.55% accuracy, epoch 60 got 96.66% accuracy, epoch 70 got 96.66% accuracy while epoch 80 got 95.55% 

accuracy. The combination of the proposed methods can produce accuracy in the classification of Pearl images, such as the results 

of the classification test. 
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then classify using the proposed architectural network to get the results of the Pearl image classification from the 

previous method. 

Method  

Several studies related to Pearl's image have carried out image classification based on shape, size, and even color, 
in this study resulted in a category using each proposed method. However, there has been no research on classifying 
Pearl images based on feature extraction. Therefore, this study presents a new performance path in organizing Pearl 
imagery based on features using the GLCM[8] method with four components to obtain accuracy. The feature extraction 
results using the proposed method are classified using the artificial neural network method to get the results of the 
accuracy value. In this stage, the problem identification stage is, Issues raised from previous journal references to get 
problems related to pearl image classification, with as a basis for problems for needs analysis, system design, and 
implementation, The purpose of this research is how to get the accuracy and classification of pearl images based on 
feature extraction, in this case, we use the GLCM method in feature extraction to get the values that exist in the image 
and classify them using an artificial neural network. 

To support the results in this experiment, we need a flow or process in the research that aims to be more structured 
according to the design and method proposed in feature extraction and image classification of Lombok pearls. The 
scheme of this research is shown in Figure 1. 

 

Figure 1. Pearl image classification flow 

A. Dataset 

This study uses a different dataset, namely the image of the Lombok pearl. The Pearl image dataset is taken using 
a digital camera. The pearl image was taken based on the primary dataset of image capture at a distance of 19.5 cm 
from the camera using a green background and using 4 LED lights with 5 watts of power installed on the left and right 
of the object at a distance of 20 cm, Each pearl has a different shape and size, so it needs to be grouped according to 
the label, in this dataset has 3 Pearl labels, namely label A, label AA and label AAA, the number of datasets is 360 
images, 270 as training images and 90 test images, pearl image is taken with four sides, top side, bottom side, left side 
and right side by rotating the pearl this is done to increase data accuracy and to get a valid dataset, in the retrieval of 
image data is very influential with the results of the classification, the results of this research classification are compared 
with previous studies [6]. The example in the pearl image dataset is shown in Figure 2. 

   

Image A Image AA Image AAA 

Figure 2. Example of Pearl Image 
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B. Data Preparation  

In this study, before distributing the data, the data was prepared through 3 stages, namely: 

• Image Acquisition is made because the images taken are not by their respective labels, so grouping is needed 

• Image Augmentation is done to change the image or modify the image with the aim that the transformed image 
is different so that the computer perceives the image as the same 

• The next stage is data sharing; pearl image data has 360 images with 270 training images and 90 test images or 
three training images on one side of the test image. 

C. Feature Extraction 

In this study, feature extraction is performed to identify one image with another in feature extraction on pearl images 
using statistical characteristics of order 2. GLCM is a characteristic extraction method to obtain feature values by 
calculating the occurrence of the same matrix in image pixels. The features contained in GLCM are carried out based 
on the parameters contrast, correlation, energy, and homogeneity. GLCM can be used to extract an 
image[11][15][14][16]. 

 

Figure 3. The direction of rotation of GLCM 

At this stage, feature extraction is carried out using order two on the image based on grayscale to get the contrast, 
correlation, energy, and homogeneity values to represent each image with an image rotation of 00 [8] [17][18] ( as 
shown in Figure 3). 

a) Correlation 

∑ = 1 ∑ = 1
(𝑖 − 𝑚𝑟)(𝑗 − 𝑚𝑐)𝑝𝑖𝑗

𝛿𝑟 𝛿𝑐

𝑘

𝑗

𝑘

𝑖
 

b) Contrast 

∑ = 1 ∑ = 1
𝑘

𝑗

𝑘

𝑖
(𝑖 − 𝑗)2𝑝𝑖𝑗 

c) Homogeneity 

∑ = 1 ∑ = 1
𝑘

𝑗

𝑘

𝑖
𝑃𝑖2𝑗 

d) Energy 

∑ = 1 ∑ = 1
𝑝𝑖𝑗

1 + [𝑖 − 𝑗]

𝑘

𝑗

𝑘

𝑖
 

 

D. (Artificial Neural Network) ANN  

Artificial Neural Network Architecture. The Artificial Neural Network (ANN) classification method was chosen 

because ANN can think like a human and process information from an image  [19]. This study uses a Multi-layer 

Backpropagation Neural Network [8]. This method has three stages, including the input, hidden, and output layers 

[12]. The input layer can accept input in the form of images and produce feature extraction values. Feature extraction 

is based on four features used in order 2 in GLCM [20][21]. 

In contrast, the hidden layer uses two hidden layers and one output. It considers the number of neurons in use by 

activating the sigmoid function to get the final result in the output layer [5]. The architecture used in this study is 

shown in Figure 4. 

(1) 

(2) 

(3) 

(4) 
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Figure 4. Artificial Neural Network Architecture 

The output layer results are then compared with the original class or label to obtain the accuracy of classification 

results from the ANN classification method. In the classification, of course, there are several that affect the 

qualification results, including the amount of data used, the number of neurons used, the weight value, the learning 

rate, and the amount of incorrect or correct data to produce accuracy according to the proposed method to measure 

the level of accuracy in the classification using the Confusion matrix [22] Table  1. 

Table 1. Confusion Matrix 

  Actual: Yes Actual: No 

Predicted: Yes True Positive 

(TP) 

False Positive 

(FP) 

Predicted: No False Negative 

(FN) 

True Negative 

(TN) 

The matrix elements are characterized based on the predicted label True Positive (TP), True Negative (TN), False 

Positive (FP), and False Negative (FN). The True Negative (TN) value is the number of harmful data that was detected 

correctly, while the False Positive (FP) is harmful data but seen as positive data[23]. 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
𝑥 100% 

 

Precision =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
𝑥100% 

 

Accuracy =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝐵 + 𝐹𝑁
𝑥 100% 

Results and Discussion  

To determine the value of the results of the proposed method, training and testing were carried out using the Matlab 
R2020a 64-bit software and device specifications using Win 11 Home, Ryzen 5 Ram 8 GB Processor.  

A. Feature Extraction  

The pearl image is performed feature extraction using the proposed method using GLCM in the 2nd order to get a 
value of 4 features based on Contrast, Correlation, and Energy Homogeneity with the angle used in the image 00, as 
shown in Figure 3. The results of the Pearl image extraction on the training data are in Table  2 for label A, Table  3 for 
label AA, and Table  4 for label AAA. From Table  2, Table  3, and Table  4, we get the feature values in pearls, with 
the provisions of 4 features. 

Table 2. Feature Extraction Label A 

File Name Contrast Correlation Energy Homogeneity 

A (1).JPG 0.15876 0.73405 0.58052 0.94691 

A (2).JPG 0.29696 0.75692 0.54715 0.8969 

A (3).JPG 0.18505 0.83057 0.78547 0.95196 

A (4).JPG 0.19407 0.69993 0.52466 0.93489 

A (5).JPG 0.31094 0.68575 0.33198 0.88571 

- - - - - 

- - - - - 

A (120).JPG 0.20037 0.73128 0.57959 0.93514 

  

(5) 

(6) 

(7) 
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Table 3. Feature Extraction Label AA 

File Name Contrast Correlation Energy Homogeneity 

AA (1).JPG 0.13042 0.7262 0.84387 0.96817 

AA (2).JPG 0.12256 0.73579 0.83803 0.96967 

AA (3).JPG 0.13982 0.74281 0.71659 0.95894 

AA (4).JPG 0.13002 0.74771 0.77512 0.96403 

AA (5).JPG 0.15447 0.73044 0.69893 0.95612 

- - - - - 

- - - - - 

AA (120).JPG 0.11178 0.79342 0.88662 0.98362 

 

Table 4. Feature Extraction Label AAA 

File Name Contrast Correlation Energy Homogeneity 

AAA (1).JPG 0.15447 0.73044 0.69893 0.95612 

AAA (2).JPG 0.13103 0.62907 0.77085 0.96209 

AAA (3).JPG 0.23385 0.69424 0.37303 0.91181 

AAA (4).JPG 0.22395 0.69252 0.39638 0.91365 

AAA (5).JPG 0.20676 0.70089 0.43909 0.9206 

- - - - - 

- - - - - 

AAA (120).JPG 0.2164 0.68139 0.46856 0.91903 

Correlation states the size of the linear relationship of the adjacent pixel gray level values [24]. In Table 2, Table 3, 
and Table 4, it can be seen that the contrast feature is shallow due to the neighboring values that are close to one pixel 
to another. At the same time, the energy is seen based on the level of similarity in texture, homogeneity is high if the 
pixel pair has a constant gray value, and the entropy value provides information in the form of top features of coarse or 
delicate textures. If the entropy value is getting closer to 1, then the degree of roughness of the surface is getting higher 
and vice versa. 

B. Discussion 

After the feature value is obtained, classification is performed to get accurate results using ANN. The training results 
were obtained with an epoch ten learning rate of 0.1 and an accuracy of 90.74%, with 25 incorrect data and 245 correct 
data from 270 data. In epoch 20 training, the learning rate was 0.1 and got an accuracy of 90.37% with 26 inaccurate 
data and 244 accurate data from 270. While in the training epoch 30, the learning rate was 0.1 and got an accuracy of 
91.48% with 23 incorrect data and 247 correct data from 270 data, in training epoch 40 learning rate was 0.1 and getting 
95.18% accuracy with 13 inaccurate data and 257 accurate data from 270 data, while in epoch 50 training the learning 
rate was 0.1 and got 97.77% accuracy with six incorrect data and 264 correct data from 270 data, on epoch 60 activity 
the learning rate was 0.1 and got 98.14% accuracy with five inaccurate data and 265 accurate data from 270 data, on 
epoch training 70 learning rate 0.1 and getting 98.51% accuracy with four incorrect data and 266 correct data from 270 
data. On epoch 80 training, the learning rate was 0.1 and got 98.88% accuracy with three inaccurate data and 267 
accurate data from 270 data, with a detailed summary in Table  5 results of training accuracy. 

Table  5. Results of training accuracy 

NO EPOCH 
Time 

Elapsed  

Amount of 

Incorrect 

Data  

Accuracy  

1 10 0:00:00 25 90.74% 

2 20 0:00:00 26 90.37% 

3 30 0:00:00 23 91.48% 

4 40 0:00:00 13 95.18% 

5 50 0:00:00 6 97.77% 

6 60 0:00:01 5 98.14% 

7 70 0:00:01 4 98.51% 

8 80 0:00:02 3 98.88% 
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From Table  5, the overall training results with 50 neurons with a learning rate of 0.1 results in the highest accuracy 
of 98.88% at 80. Epochs. To see how far the proposed method is, the testing stages are carried out on the test data,  on 
the Lombok pearl test data with as many as 90 images with 30 label A images, 30 AA label images, and 30 AAA label 
images using the network architecture obtained in training. Based on the results of the tests, different accuracy results 
are obtained, with epoch ten learning rate of 0.1 and getting 80.00% accuracy, while at epoch 20, the learning rate is 
0.1 and brings an accuracy of 90.00%. At epoch 30, the learning rate is 0.1 and gets an accuracy of 93.33%, at epoch 
40 learning rate is 0.1 gets 93.33% accuracy, at epoch 50 learning rate is 0.1 and gets 95.55% accuracy, while at epoch 
60, the learning rate is 0.1 and gets an accuracy of 96.66%, at epoch 70 learning rate 0.1 and getting 96.66% accuracy, 
while at epoch 80 the learning rate is 0.1 and gets 95.55% accuracy. With a detailed summary in Figure 5. 

 

Figure 5. Testing Results of Test Data 

In this study, we tried to conduct training and testing with higher ages but with lower accuracy results, and we tried 
higher neurons on the ANN network architecture. From Figure 5, we get the overall test results with 50 neurons with a 
learning rate of 0.1 for the highest accuracy results of 96.66% at epochs 60 and 70. However, the results obtained 
experienced the same accuracy and decreased because the image used is still relatively small. The more datasets and 
neurons are used, the accuracy will increase. Therefore iterations 10, 20, 30, 40, 50, 60, 70, and 80 with a learning rate 
of 0.1 can significantly increase pearl image classification using feature extraction and artificial neural networks. 

The test results using a combination of the GLCM method with classification using ANN can be described as a 
Confusion Matrix Table with the results in the form of Accuracy 96.66%, Precision 0.966, and Recall 0.966, as shown 
in the following table. 

Table  6. Confusion Matrix 

  Ground Truth 

PREDICTION 

  

 
A AA AAA 

A 30 0 0 

AA 2 28 0 

AAA 1 0 29 

As for the example of the results of the Pearl image classification on the test image with incorrect results in the 
image classification as Table  7, the results of image classification of several ideas are considered wrong with their 
respective labels, such as type should be classified as A. Still, after performing feature extraction based on four GLCM 
of features using artificial neural network classification, it is considered type AA because features are almost the same 
as label A, as well as other images that are considered wrong. 

Table 7. The results of image classification are wrong 

RGB Image Grayscale 

Image 

label Classification 

Results 

 

 

 

A 

 

AA 

  

 

A 

 

AA 
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AA 

 

A 

  

 

AA 

 

A 

  

 

AAA 

 

A 

While the sample results from the Pearl image classification on the test image with the correct results in the image 

classification are shown in Table 8. 

Table 8. Image classification results are correct 

RGB Image Grayscale 

Image 

label Classification 

Results 

 

 

 

A 

 

A 

 

 

 

A 

 

A 

 

 

 

AA 

 

AA 

  

 

AA 

 

AA 

  

 

AAA 

 

AA 

 

Conclusion  

Based on the results of the experiments carried out, the training results with 270 Pearl images, the highest accuracy 

was obtained at epoch 80 learning rate 0.1 and obtained an accuracy of 98.88% with three incorrect data and 267 

correct data from 270 data, while the test obtained high accuracy at epoch 60 and 70 with a learning rate of 0.1 and 

got an accuracy of 96.66%. In this study, it still has a drawback, namely, the greater the value of the neuron used, the 

less good the accuracy results and even getting a low accuracy value. Therefore, for further research, it is 

recommended to use other methods or add methods in feature extraction with all views / Multiview in the pearl image, 

including size, texture, shape, luster, and other characteristics, to get better accuracy results 

References  

[1] R. Ozaki, K. Kikumoto, M. Takagaki, K. Kadowaki, and K. Odawara, “Structural colors of pearls,” Sci. Rep., 

vol. 11, no. 1, pp. 1–10, 2021, doi: 10.1038/s41598-021-94737-w. 

[2] Q. Xuan et al., “Automatic Pearl Classification Machine Based on a Multistream Convolutional Neural 

Network,” IEEE Trans. Ind. Electron., vol. 65, no. 8, pp. 6538–6547, 2018, doi: 10.1109/TIE.2017.2784394. 



8 ILKOM Jurnal Ilmiah Vol. xx, No. x, Month 2021, pp.xx-xx E-ISSN 2548-7779 
  

 

 

Muh Nasirudin Karim, et. al. (Classification of Lombok Pearls Using GLCM Feature Extraction and Artificial Neural 

Networks (ANN) 

[3] F. Bai, M. Fan, H. Yang, and L. Dong, “Image segmentation method for coal particle size distribution 

analysis,” Particuology, vol. 56, pp. 163–170, 2021, doi: 10.1016/j.partic.2020.10.002. 

[4] M. A. E. Hadi Yaghoobi, Hamid Mansouri and H. N.-P. Farsangi, “US CR,” Determ. Fragm. rock size Distrib. 

using textural Feature. Extra. images, p. Powder Technology, 2018, doi: 10.1016/j.powtec.2018.10.006. 

[5] M. A. Mahmood, A. I. Visan, C. Ristoscu, and I. N. Mihailescu, “Artificial neural network algorithms for 3D 

printing,” Materials (Basel)., vol. 14, no. 1, pp. 1–29, 2021, doi: 10.3390/ma14010163. 

[6] Q. Xuan, Z. Chen, Y. Liu, H. Huang, G. Bao, and D. Zhang, “Multiview Generative Adversarial Network and 

Its Application in Pearl Classification,” IEEE Trans. Ind. Electron., vol. 66, no. 10, pp. 8244–8252, 2019, doi: 

10.1109/TIE.2018.2885684. 

[7] X. Liu, S. Jin, Z. Yang, G. Królczyk, and Z. Li, “Measuring Shape Parameters of Pearls in Batches Using 

Machine Vision: A Case Study,” Micromachines, vol. 13, no. 4, pp. 1–14, 2022, doi: 10.3390/mi13040546. 

[8] L. D. Bakti et al., “Data extraction of the gray level Co-occurrence matrix (GLCM) Feature on the fingerprints 

of parents and children in Lombok Island, Indonesia,” Data Br., vol. 36, p. 107067, 2021, doi: 

10.1016/j.dib.2021.107067. 

[9] L. E. G. Suhair H. S. Al-Kilidara, “TEXTURE CLASSIFICATION USING GRADIENT FEATURES WITH 

ARTIFICIAL NEURAL NETWORK,” vol. 55, pp. 1–23, 2020. 

[10] A.-K. Snezana and M. D. W., “The use of UV-Visible reflectance spectroscopy as an objective tool to evaluate 

pearl quality,” MDPI. Mar., vol. 10, no. 7, pp. 1459–1475, 2012, doi: 10.3390/md10071459. 

[11] B. Imran and M. M. Efendi, “the Implementation of Extraction Feature Using Glcm and Back-Propagation 

Artificial Neural Network To Clasify Lombok Songket Woven Cloth,” J. Techno Nusa Mandiri, vol. 17, no. 

2, pp. 131–136, 2020, doi: 10.33480/techno.v17i2.1680. 

[12] R. A. Pramunendar, D. P. Prabowo, D. Pergiwati, Y. Sari, P. N. Andono, and M. A. Soeleman, “New workflow 

for marine fish classification based on combination features and CLAHE enhancement technique,” Int. J. 

Intell. Eng. Syst., vol. 13, no. 4, pp. 293–304, 2020, doi: 10.22266/IJIES2020.0831.26. 

[13] R. A. Pramunendar, S. Wibirama, P. I. Santosa, P. N. Andono, and M. A. Soeleman, “A robust image 

enhancement techniques for underwater fish classification in marine environment,” Int. J. Intell. Eng. Syst., 

vol. 12, no. 5, pp. 116–129, 2019, doi: 10.22266/ijies2019.1031.12. 

[14] M. Garg and G. Dhiman, “A novel content-based image retrieval approach for classification using GLCM 

features and texture fused LBP variants,” Neural Comput. Appl., vol. 33, no. 4, pp. 1311–1328, 2021, doi: 

10.1007/s00521-020-05017-z. 

[15] M. Yogeshwari and G. Thailambal, “Automatic feature extraction and detection of plant leaf disease using 

GLCM features and convolutional neural networks,” Mater. Today Proc., no. xxxx, 2021, doi: 

10.1016/j.matpr.2021.03.700. 

[16] D. Srivastava, B. Rajitha, S. Agarwal, and S. Singh, “Pattern-based image retrieval using GLCM,” Neural 

Comput. Appl., vol. 32, no. 15, pp. 10819–10832, 2018, doi: 10.1007/s00521-018-3611-1. 

[17] B. Imran, K. Gunawan, M. Zohri, and L. D. Bakti, “Fingerprint pattern of matching family with GLCM 

feature,” Telkomnika (Telecommunication Comput. Electron. Control., vol. 16, no. 4, pp. 1864–1869, 2018, 

doi: 10.12928/TELKOMNIKA.v16i4.8534. 

[18] Suharjito, B. Imran, and A. S. Girsang, “Family relationship identification by using extract feature of gray 

level co-zoccurrence matrix (GLCM) based on parents and children fingerprint,” Int. J. Electr. Comput. Eng., 

vol. 7, no. 5, pp. 2738–2745, 2017, doi: 10.11591/ijece.v7i5.pp2738-2745. 

[19] F. Anders, M. Hlawitschka, and M. Fuchs, “Comparison of artificial neural network types for infant 

vocalization classification,” IEEE/ACM Trans. Audio Speech Lang. Process., vol. 29, pp. 54–67, 2021, doi: 

10.1109/TASLP.2020.3037414. 

[20] R. Sarić, D. Jokić, N. Beganović, L. G. Pokvić, and A. Badnjević, “FPGA-based real-time epileptic seizure 

classification using Artificial Neural Network,” Biomed. Signal Process. Control, vol. 62, no. March, pp. 1–

10, 2020, doi: 10.1016/j.bspc.2020.102106. 

[21] Priyanka and D. Kumar, “Feature Extraction and Selection of kidney Ultrasound Images Using GLCM and 

PCA,” Procedia Comput. Sci., vol. 167, no. 2019, pp. 1722–1731, 2020, doi: 10.1016/j.procs.2020.03.382. 

[22] D. Chicco, N. Tötsch, and G. Jurman, “The matthews correlation coefficient (Mcc) is more reliable than 

balanced accuracy, bookmaker informedness, and markedness in two-class confusion matrix evaluation,” 

BioData Min., vol. 14, pp. 1–22, 2021, doi: 10.1186/s13040-021-00244-z. 

[23] I. Markoulidakis, G. Kopsiaftis, I. Rallis, and I. Georgoulas, “Multi-Class Confusion Matrix Reduction 

method and its application on Net Promoter Score classification problem,” ACM Int. Conf. Proceeding Ser., 

pp. 412–419, 2021, doi: 10.1145/3453892.3461323. 

 

 


