ILKOM Jurnal Ilmiah vol. 15, No. 1, April 2023, pp. 153-164

Accredited 2™ by RISTEKBRIN No. 200/M/KPT/2020; E-ISSN 2548-7779 | P-ISSN 2087-1716 Check for

updates

Research Article Open Access (CC-BY-SA)

Identification of the Freshness Level of Tuna based on
Discrete Cosine Transform on Feature Extraction of Gray
Level Co-Occurrence Matrix using K-Nearest Neighbor

Zulfrianto Y Lamasigi »"*; Serwin »?; Yusrianto Malago **

¢ Universitas Ichsan Gorontalo, JI. Drs. Ahmad Nadjamuddin, Gorontalo, 96135, Indonesia

! zulfrianto.dsn.unisan@gmail.com; * erwindsn.ui@gmail.com, * yusrianto_malago@live.com
*corresponding author

Article history: Received October 11, 2022; Revised October 16, 2022; Accepted January 31, 2023; Available online April 07, 2023

( \

Abstract

Gorontalo Province is one of the provinces that have fishery potential and has a large sea area that can be managed to support the
economy and development of the province. Gorontalo is also one of the tuna-producing provinces in Indonesia, where tuna is also one
of the mainstay fisheries commodities. This study aimed to combine transformation and texture feature extraction methods to improve
the identification of the freshness level of tuna. This research used Discrete Cosine Transform as transformation detection and Gray
Level Co-Occurrence Matrix as texture feature extraction. To find out the value of the proximity of the training data and image testing
of tuna fish, the K-Nearest Neighbor classification method was employed. Then, the Confusion Matrix was used to calculate the
accuracy level of the K-Nearest Neighbor classification. This research was carried out with 4 stages of testing, namely at angles of
0°, 45°, 90°, and 135°, and using the values of k=1, 3, 5, and 7. The test results of using training data of 428 images and testing data
of 161 images in four classes used with angles of 0°, 45°, 90°, 135°, and the value of k=1, 3, 5, 7. The highest accuracy results was
obtained at an angle of 0° with a value of k = 1 of 94.40%, while the lowest accuracy value was at an angle of 90° and 135° with a
value of k=7 of 59%. This showed that the Discrete Cosine Transform transformation method was very effective to improve the
performance of texture feature extraction of Gray Level Co-Occurrence Matrix in extracting tuna image features. It was proven from
the results of the accuracy of the K-Nearest Neighbor classification obtained.
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Introduction

Gorontalo Province has high fishery potential and has a large sea area. If the area can be managed to support
the economy and development of the province. Gorontalo province has a coastline of 903.7 km with a length of the
northern coast (Sulawesi Sea) 331.2 km and the southern coast (Tomini Bay) 572.5 km. Meanwhile, Gorontalo
Province has a water area of 963,843.63 Ha or (9,638.44 Km?2) consisting of 6,678.80 Km2 of Tomini Bay, Sulawesi
Sea 2,959.64 Km2 and the Exclusive Economic Zone (EEZ) of Sulawesi Sea is 40,000 Km2. There are 131 coastal
villages in Gorontalo province and 123 small islands [1]. Gorontalo Province is one of the tuna-producing provinces
in Indonesia, Tuna catches in Gorontalo have been exported to several countries. Tuna is one of the mainstay fisheries
commodities in Gorontalo which also involves many small fishermen, most fishermen in Gorontalo still use the
principles of traditional catch handling and have not followed the principles of good and correct handling so that the
freshness and quality of tuna decreases which causes a decrease in raw materials for the production of fresh tuna meat

[2].

In this study, feature extraction was used as a description to distinguish the freshness level of tuna. The Gray
Level Co-Occurrence Matrix (GLCM) feature extraction method works based on the Discrete Cosine Transform
(DCT) transformation approach. In general, DCT is a one-to-one mapping transformation of an array consisting of
pixel values into components that are divided based on their frequency [3]. Meanwhile, Gray Level Co-Occurrence
Matrices (GLCM) is a feature extraction method using statistical calculations based on the original image pixel value
and the neighboring relationship between two pixels at a certain distance and orientation, and for the result of this
study used the K-Nearest Neighbor (K-NN) classification method to identify tuna images. The K-NN method in
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classifying data or objects was very effective and efficient. This K-NN technique was very simple and easy to
implement and can produce more precise accuracy level, and can perform training of larger amounts of data [4] [5].
Miftahus Sholihin has conducted research "Identification of Freshness of fish based on Gill Image using Convolution
Neural Network Method" from the results of research conducted to obtain an accuracy rate of 97.7% [6]. Meanwhile,
the research conducted by Fitri Astutik on the "Quality Recognition System of Gourami Fish With Wavelet, PCA,
Histogram HSV and Classification (K-NN)" obtained an accuracy rate of 89.5%][7].

Method

In this study, the Discrete Cosine Transform (DCT) method was used for tuna image transformation to improve the
Gray Level Co-Occurrence Matrix (GLCM) performance when extracting tuna texture features, while the K-Nearest
neighbor (KNN) was used as a classification of the freshness level of tuna based on the results of the extraction of
texture features of the Gray Level Co-Occurrence Matrix on the image of tuna fish. To measure the level of accuracy
of the classification results of K-Nearest neighbors used the Confusion Matrix. The tuna image data in this study was
resized to a size of 400 x 400 and then rotated with angles of 0°, 45°, 90°, and 135°. Figure 1 below is the stage of
processing tuna image data in this study.
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Figure 1. Tuna Fish Image Data Processing Framework

A. Discrete Cosine Transform

Discrete Cosine Transform (DCT) is a technique used to convert signals into frequency components [§], its
formation by calculating the value of the result of the transformation [3]. In this study, the tuna image could only be
transformed into frequency form using DCT which aimed to optimize the Gray Level Co-Occurrence Matrix (GLCM)
performance in extracting texture features of tuna images.

DCT transformation in general for (N by M Image) is defined in the following equation [3] :

1

F(u,v) = ( ) ( ) N Z o AG).A(). cos [— (2i + 1)] cos [— 2j+ 1)] JiO9)) 1)
AGD) = {i foré =0

1 otherwise

The following is an explanation of the basic DCT operations:
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o Image enter N by M

o F(i, j) is the pixel intensity in row I and column j

o F(u, v) is the DCT coefficient in row k1 and column k2 DCT matrix

o The DCT input is an 8x8 array of integers. This array contains the Grayscale level of each pixel.

o 8-bit pixels have levels from 0 to 255 pixels
B. Gray Level Co-Occurrence Matrix (GLCM)

In this study, GLCM was used as a feature extraction of tuna image textures. GLCM itself was a texture feature
extraction method that works based on statistical calculations that trace the original pixel value with the neighboring
relationship between two pixels at a certain distance [9] [10] [11]. The steps to calculate the features in GLCM were
to create a Co-Occurrence matrix first, then proceed to determine the spatial relationship between the reference pixel
and neighboring pixels based on the angle and distance d [12], the distance d used was 1 expressed in degrees with an
angle of 0°. GLCM was calculated based on how often a Gray Level i pixel appears horizontally, vertically, or
diagonally in pairs with a Gray Level j pixel [9]. Meanwhile, the features that would be used in this research were the
Correlation, Entropy, and Inverse Difference Moment (IDM) features. Figure 2 below is the angle of the Gray Level

Co-Occurrence Matrix used in this study.
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Figure 2. Angle Direction GLCM

As shown in Figure 2, the selection of neighboring pixels starts from the right. Relationship 1, 0 is a relationship
of 2 pixels with a value of 1 followed by a pixel with a value of 0.

The sample pair of the 2-pixel GLCM matrix is shown in Figure 3 below :

0|4l 6| 6| 6| 4 0,0(0,1(02]|03|04]0,5]0,6
3141 5] 5|4]3 1,0({1,1(1,2]1,3(1,4]1,5]1,6
51414 4] 3|1 20(2,1122(23(124]2,5]2,6
5|34 4] 2|0 3,013,13,2|13,3|3,4]|3,5]3,6
3131212111 4,0 4,1 14,243 |44 ]|4,5]| 4,6
31110 1]2 5,0|5,1|5,2]|53]|54]5,5]5.,6
6,0 6,1 [62]|63]|64]|6,5]6,6
(a) DCT Image (b) Pixel composition
of1|{0|l0]1]0]|O0O
1|{2|]1(0]O0|0O]O
1|1|]1|0]JO0|JO]O
of2j1]1]2]0]|0
ofoj1|2]3|1]1
ofojo|1]2]1]|0
olojojo|1]0|2

(c) Number of pixel pairs
Figure 3. Pair 2 Pixel Matrix GLCM
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The matrix in Figure 3 (c) is a framework matrix. The matrix should be reprocessed into a symmetrical matrix by
adding the value of the transposed result. Table 1 below is the process of adding transpose values for the formation
of a symmetric matrix.

Table 1. Symmetrical Matrix Formation

Symmetrical Matrix Formation

oOoj1j0j10}j1]071]0 0O|j1}(1]0[0]0]|O ol21l1]l0l1]l01l0
1(2(1/0]0]01]O0 1|{2(1]210]0]0 214121 210l01]0
1(1{1/0]0]0]O0 oj1|(1]1(1]0|0 112121111101l 0
Oj2 |1 |11 2{0f0|+]O0|O0]O0O|1T ) 2/1]{0|=]¢gl2/1]l214l1]0
00| 1|23 ]1]1 1jofjo|2(3]2]1 1loli1lalels]2
010 1121 O[O0 |0 (1|1 ololol1]l3]2

010]0|0]1]0]2 0j]0jO0]O|T1]O0]|2 0j0|0]0|2]|]0]4

After the symmetric matrix was formed, the matrix normalization stage of the image would be carried out which
aimed to eliminate the dependence on the image size. The following Table 2 shows the matrix normalization process.

Table 2. Matrix Normalization
Matrix Normalization
0/24 | 2/24 | 1/24 | 0/24 | 1/24 | 0/24 | 0/24
2/24 4/24 2/24 2/24 0/24 0/24 0/24
1/24 2/24 2/24 1/24 1/24 0/24 0/24
0/24 2124 1/24 2124 424 1/24 0/24
1/24 0/24 1/24 4/24 6/24 3/24 2/24
0/24 0/24 0/24 1/24 3124 2/24 0/24
0/24 0/24 0/24 0/24 224 0/24 4/24

Table 3. Matrix Normalization Results

Matrix Normalization Result Value
0.00 0.08 0.04 0.00 0.04 0.00 0.00
0.08 0.17 0.08 0.08 0.00 0.00 0.00
0.04 0.08 0.08 0.04 0.04 0.00 0.00
0.00 0.08 0.04 0.08 0.17 0.04 0.00
0.04 0.00 0.04 0.17 0.25 0.13 0.08
0.00 0.00 0.00 0.04 0.13 0.08 0.00

0.00 0.00 0.00 0.00 0.08 0.00 0.17

After getting the results of the normalization division of the image matrix see Table 3, the calculation of correlation
features, entropy, and IDM would be carried out [4] [9] [10] [11]. The following is an equation that was used to
calculate the Correlation, Entropy, and IDM features :

Thoy Zha (D (GLEM ) —pi 1)

Korelasi = —— 2
=]
Where i is the row value and z is the column value, is the sum of the values of i or .
Entropi = — %i_, X5 (GLCM(i, )log(GLCM (i, j) 3)

Where (i,j) is the value in a row and column j, divided by the number 1 and then added by the squared value of i-

Lamasigi, et. al. (Identification of the Freshness Level of Tuna based on Discrete Cosine Transform on Feature Extraction of
Gray Level Co-Occurrence Matrix using K-Nearest Neighbor)



E-ISSN 2548-7779 ILKOM Jurnal Ilmiah Vol. 15, No. 1, April 2023, pp.153-164 157

_vL v (GLCM(ij)?
IDM = Y1 X1 e 4)

Where (i) is the value in row 1 of column j, divided by the number 1 and then added by the squared value of i-j.

The above equation was obtained from the mean which was the intensity of the gray image and the standard
deviation first. The standard deviation was obtained from the square of the variance which showed the distribution of
pixel values in the image with the following formula [13]:

meani= ;' =Yt Tk i*GLCM(i,)) (5)
meani = ;' =¥t ¥ j* GLCM(i,j) (6)
variani = o} = Xy Xy GLCM(, ) (i — pp)? @)
varian j = of = Xy X5 GLCM (L, j) (i — u})? ®)
standart deviasi i = o; = \/G—iz )
standart deviasi j = o; = |0} (10)

C. K-Nearest Neighbour (K-NN)

K-Nearest Neighbor is a method that works using a supervised algorithm where the results of query instances are
classified based on the majority and categories in K-NN. The purpose of the K-NN algorithm is to classify new objects
based on attributes and training samples. K-NN uses the neighboring classification as the predictive value of the new
test sample, near or far neighbors are usually calculated based on the Euclidean distance. Euclidean distance serves to
test a measure that can be used as an interpretation of the proximity of the distance between two objects [9][14][15]
[16]. Which is represented by the following equation [12]:

di =X (i — xq5)? (11)

Information:

di = Euclidean distance to-i
x21 = training data to-i
x11= data testing to-i

D. Confusion Matris

The confusion matrix performs tests to estimate true and false objects. The test sequence is tabled in a confusion
matrix where the predicted class is shown at the top of the matrix and the observed class is at the left. Each cell
contains a number that represents the number of true cases of the observed class to predict, Table 4 is a table of the

confusion matrix model used [9][14] [16]:
Table 4. Confusion Matrix Model

Pred Fresh Not Fresh Worthy Not Feasible
True
Fresh True Fresh False Not Fresh False Worthy | False Not Feasible
Not Fresh False Fresh True Not Fresh False Worthy False Not Feasible
Worthy False Fresh False Not Fresh False Worthy | False Not Feasible
Not Feasible False Fresh False Not Fresh False Worthy False Not Feasible
Information :

TP = positive tuple which is classified as positive
TN= negative tuple which is classified as negative
FP= negative tuple which is classified as negative

FN = negative tuples classified as positive

Dataset
In this study, the data used was tuna image data which consisted of training data and testing data. Table 5 shows
the total amount of data used in each class that has been determined.

Lamasigi, et. al. (Identification of the Freshness Level of Tuna based on Discrete Cosine Transform on Feature Extraction of
Gray Level Co-Occurrence Matrix using K-Nearest Neighbor)
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Table 5. Total Training and Testing Data

Training Data Testing Data
CLASS
Amount Amount
Fresh 108 42
Not Fresh 104 36
Worthy 72 30
Not Feasible 144 53
Total 428 161

Figures 4 and 5 below are samples of the training and testing data used.

Tuna Fish Image Class
Angled5°  Angle90°  Angle 135°

Fresh

Not Fresh

Worthy

Not Feasible

Figure 4. Sample Data Training

The training data was resized to 400 x 400 pixels and then rotated at 0°, 45°, 90°, and 135° angles. And for data
testing, only image resizing would be carried out with a size of 400 x 400 pixels as shown in Figure 5 below.

Tuna Fish Image Class

Figure 5. Sample Data Testing

Fresh

Not Fresh

Worthy

Not Feasible

Results and Discussion

The purpose of this study is to measure the accuracy of the K-Nearest Country classification in identifying the
freshness level of tuna based on the Discrete Cosine Transform in the feature extraction of the Gray Level Co-
Occurrence Matrix. The test will be carried out based on the 4 angles used, namely 0°, 45°, 90°, dan 135° using the

Lamasigi, et. al. (Identification of the Freshness Level of Tuna based on Discrete Cosine Transform on Feature Extraction of
Gray Level Co-Occurrence Matrix using K-Nearest Neighbor)
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values of k=1, 3, 5, and 7. From the results of tests carried out at the angle and the value of k used, the highest accuracy
results are at an angle of 0° with a value of k = 1 which is 94.40, and the lowest accuracy results are at angles 45°, 90°,
and 135° with a value of k = 7 that is equal to 59%.

Table 6 below shows the highest accuracy results for each angle and the value of & used.

Table 6. Highest Accuracy Results at Every Angle 6 and k

Highest Accuracy
Angle 8 Value k Accuracy %
0° 1 94.4099
45° 1 90.6832
90° 1 89.441
135° 1 89.441

Figure 6, below is a graph of the highest accuracy results at each angle and k value.
Highest Accuracy Results at Every Angle

94,4099

<
90,6832
< 89,441 =1
4 89,441
K=3
|
mK=5
K=7

K=5 K=7

Accuracy
0 00 W W W W W ww
~ 00 W O kB N W B WU

[+:]
[=2]

K=1 K=3
K Value

Figure 6. Highest Accuracy Result Chart

The graphic above shows that the results of the experiments carried out in this study. The highest accuracy value
was obtained at an angle of 0° with a value of k¥ = 1 of 94.40%. Meanwhile, at 90° and 135° angles, the highest
accuracy value was the same with the value of k=1 which was 89.44%. Below was a graphic image of the experiment
conducted at angles 0°, 45°, 90°, 135°, and for all k values used, namely k=1, 3, 5, and 7.

A. Angle Test Results 0° and the value of k=1, 3, 5, and 7
The results of the tests carried out at an angle of 0° indicated different accuracy results for each k value, the test
was carried out 4 times based on the k values of 1, 3, 5, and 7. The highest accuracy result was at a value of k = 1,
which was 94.40%, and the lowest was at a value of k = 7, which was 62.73%.
In Table 7 the following is a calculation of the confusion matrix from the highest accuracy results at an angle of

0° with a value of k = 1.

Table 7. Confusion Matrix Calculation Results at the value of k=1 angle 0°

Confusion Matrix Evaluation A=1 Angle 0°
Class Fresh | Not Fresh Worthy Not Feasible
Fresh 1 0 2
Not Fresh 1 0 0
Worthy 2 1 1

Lamasigi, et. al. (Identification of the Freshness Level of Tuna based on Discrete Cosine Transform on Feature Extraction of
Gray Level Co-Occurrence Matrix using K-Nearest Neighbor)
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a Confusion Matrix Evaluation A=1 Angle 0°
ass

Fresh | Not Fresh Worthy Not Feasible
Not Feasible 0 1 0

33+ 27+42+50
161

Accuracy = =94.40%

Color Explanation :
- Test Data Correct
Incorrect Test Data

Figure 7 below shows a graph of the accuracy results on the 0° angle test using the values ofk=1, 3, 5, and 7.

0°. Angle Experiment Results

94,4099
100 - 77,0186
90 67,0807
80 62,7329
70 -
K=1
?gg“ 60
8 50 K=3
< 40 mK=5
30
20 K=7
10
0
K=1 K=3 K=5 K=7

K Value

Figure 7. Angle 0° Accuracy Result

B. Angle Test Results 45° and the value of k=1, 3, 5, and 7
From the tests carried out at an angle of 45° using the values of k=1, 3, 5, and 7, the highest accuracy result was
at the value of k=1 which was 90.68%, and the lowest was at the value of k=7 which was 62.73 %.
The following Table 8 below is the calculation of the highest accuracy results at the value of k = 1 using a
confusion matrix.
Table 8. Confusion Matrix Calculation Results at the value of k=1 angle 45°
Confusion Matrix Evaluation £=1 Angle 45°

Not Fresh Worthy | Not Feasible

Class

Not Fresh

Worthy 2
Not Feasible 1
Accuracy = 334 20439448 — 90.68%

161
Color Explanation :

Test Data Correct
Incorrect Test Data

Figure 8 below shows a graph of the results of the accuracy of the 45° angle test using the values of k=1, 3, 5, and
7.
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45°, Angle Experiment Results

90,6832

10 74,5342
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80 59,0062
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Figure 8. Angle 45° Accuracy Result

C. Angle Test Results 90° and the value of k=1, 3, 5, and 7
Tests carried out at an angle of 90° obtained the highest accuracy results at a value of k = 1, which was 89.44%,
and the lowest accuracy was at a value of k = 7, which was 59%.
The following in Table 9 is the calculation of the highest accuracy results at the value of k = 1 using a confusion
matrix.

Table 9. Confusion Matrix Calculation Results at the value of k=1 angle 90°
Confusion Matrix Evaluation A=1 Angle 90°

Not Fresh Worthy Not Feasible

Class

Not Fresh
Worthy 1
Not Feasible 0

33+ 24+39+48
161

Accuracy = = 89.44%

Color Explanation :

- Test Data Correct

Incorrect Test Data

In Figure 9, the following graph shows the results of the 90° angle test accuracy using the values of k=1, 3, 5, and
7.
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90°. Angle Experiment Results
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81,3665
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Figure 9. Angle 90° Accuracy Result

D. Angle Test Results 135° and the value of k=1, 3, 5, and 7
From the results of the tests carried out at an angle of 135° using the values of k=1, 3, 5, and 7, the highest accuracy
result was found at the value of k=1 which was 89.44%, and the lowest was at the value of k=7 which was 59 %.
Table 10 below is the result of calculating the highest accuracy at a value of k = 1 using a confusion matrix.

Table 10. Confusion Matrix Calculation Results at the value of k=1 angle 135°
Confusion Matrix Evaluation £=1 Angle 90°

Not Fresh Worthy Not Feasible

Class

Not Fresh
Worthy 1
Not Feasible 0

33+ 24+39+48
161

Accuracy = =89.44%

Color Explanation :
- Test Data Correct
Incorrect Test Data

The following Figure 10 shows a graph of the results of the 135° angle test accuracy using the values of k=1, 3,
5,and 7.
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135°. Angle Experiment Results

89,441
81,3665

é 71,4286
A 59,0062
K=1
mK=3
K=5
mK=7

K=1 K=3 K=5 K=7
K Value

Accuracy
N W s U N W
©O O oo oo o oo

o

Figure 10. Angle 135° Accuracy Result

Conclusion

From the results of tests carried out on all angles used 0°, 45°, 90°, 135°, and the value of k=1, 3, 5, 7, it showed
that the highest accuracy result was at angle 0° with a value of k=1, 94.40% accuracy value. Meanwhile the lowest
accuracy was at an angle of 90° and 135° with the same k value of 7, 59% accuracy value. The two angles also had
the exact same accuracy value for each value of k. Based on the accurate results obtained in this study, it can be
concluded that the Discrete Cosine Transform (DCT) transformation method is very effective in improving the texture
feature extraction performance of Gray Level Co-Occurrence Matrix (GLCM) in extracting tuna image features. It
can be seen from the results of the obtained accuracy of the K-Nearest Neighbor (K-NN) classification. Hence, the
Discrete Cosine Transform method was very successful to improve the performance of the Gray Level Co-Occurrence
Matrix method in extracting texture features on tuna images.

References
[1] P. Gorontalo, “Pemerintah Provinsi Gorontalo, “Rencana Strategis (Renstra) Dinas Kelautan dan perikanan
provinsi gorontalo,” https://dinaskp.gorontaloprov.go.id., 2017, https://dinaskp.gorontaloprov.go.id.

[2] M. R. Gobel, M. Baruwadi, and A. Rauf, “Analisis Daya Saing Ikan Tuna Di Provinsi Gorontalo,” Jambura
Agribus. J., vol. 1, no. 1, pp. 36-42, 2019, doi: 10.37046/jaj.v1i1.2448.

[3] Z.Y. Lamasigi, “DCT untuk Ekstraksi Fitur Berbasis GLCM pada Identifikasi Batik Menggunakan K-NN,”
Jambura J. Electr. Electron. Eng., vol. 3, no. 1, pp. 1-6, 2021, doi: 10.37905/jjeece.v3il.7113.

[4] Z. Y. Lamasgi, “Identifikasi Tingkat Kesegaran lkan Tuna Menggunakan Metode GLCM dan KNN,”
Jambura J. Electr. Electron. Eng., vol. 4, pp. 70-76, 2022.

[5] C. Jatmoko and D. Sinaga, “Ektraksi Fitur Glem Pada K-Nn dalam Mengklasifikasi Motif Batik,” Pros.
SENDI U 2019, pp. 978-979, 2019.

[6] M. Sholihin, “Identifikasi Kesegaran Ikan Berdasarkan Citra Insang dengan Metode Convolution Neural
Network,” JATISI (Jurnal Tek. Inform. dan Sist. Informasi), vol. 8, no. 3, pp. 1352-1360, 2021, doi:
10.35957/jatisi.v8i3.939.

[7] F. Astutik, “Sistem Pengenalan Kualitas Ikan Gurame Dengan Wavelet, Pca, Histogram Hsv Dan Knn,”
Lontar Komput., vol. 4, no. 3, pp. 336-346, 2015, doi: 10.24843/LKJITI.

[8] M. Begum, J. Ferdush, and M. S. Uddin, “A Hybrid robust watermarking system based on discrete cosine
transform, discrete wavelet transform, and singular value decomposition,” J. King Saud Univ. - Comput. Inf.
Sci., vol. 34, no. 8, pp. 5856-5867, 2022, doi: 10.1016/].jksuci.2021.07.012.

[9] Z.Y. Lamasigi and A. Bode, “Influence of gray level co-occurrence matrix for texture feature extraction on
identification of batik motifs using k-nearest neighbor,” Ilk. J. llmiah; Vol 13, No 3, Dec. 2021, [Online].
Available: http://jurnal. fikom.umi.ac.id/index.php/ILKOM/article/view/1025.

Lamasigi, et. al. (Identification of the Freshness Level of Tuna based on Discrete Cosine Transform on Feature Extraction of
Gray Level Co-Occurrence Matrix using K-Nearest Neighbor)


https://ejurnal.ung.ac.id/index.php/jaj/article/view/2448
https://ejurnal.ung.ac.id/index.php/jjeee/article/view/7113
https://jurnal.mdp.ac.id/index.php/jatisi/article/view/939
https://jurnal.mdp.ac.id/index.php/jatisi/article/view/939
https://ojs.unud.ac.id/index.php/lontar/article/view/16730
https://www.sciencedirect.com/science/article/pii/S1319157821001798

164 ILKOM Jurnal Ilmiah Vol. 15, No. 1, April 2023, pp.153-164 E-ISSN 2548-7779

[10] R. A. Surya, A. Fadlil, and A. Yudhana, “Ekstraksi Ciri Citra Batik Berdasarkan Tekstur Menggunakan
Metode Gray Level Co Occurrence Matrix,” Prosiding, 6 Desember 2016, Vol 2 No. 1, vol. 2, no. 1, pp. 146—
150, 2016.

[11] Y. Fernando, “Klasifikasi Jenis Daging Berdasarkan Analisis Citra Tekstur Gray Level Co-Occurrence
Matrices ( Glem ) Dan Warna,” Semin. Nas. Sains dan Teknol. 2017, no. Fakultas Teknik Universitas
Muhammadiyah Jakarta, pp. 1-7, 2017.

[12]  C.Irawan and E. H. Rachmawanto, “Ektraksi Hsv dan Glcm Dalam Metode K-Nn untuk Klasifikasi Tingkat
Kematangan Buah Mengkudu,” 2022, no. November, pp. 16-25.

[13] 1. Amalia, “Ekstraksi Fitur Citra Songket Berdasarkan Tekstur Menggunakan Metode Gray Level Co-
occurrence Matrix (GLCM),” J. Infomedia, vol. 3, no. 2, pp. 64—68, 2018, doi: 10.30811/jim.v3i2.715.

[14]  Z.Y.Lamasigi, M. Hasan, and Y. Lasena, “Local Binary Pattern untuk Pengenalan Jenis Daun Tanaman Obat
menggunakan K-Nearest Neighbor,” [1lk. J. Ilm., vol. 12, no. 3, pp. 208-218, 2020, doi:
10.33096/ilkom.v12i3.667.208-218.

[15] M. I Sultoni, B. Hidayat, A. S. Subandrio, T. Elektro, and U. Telkom, “Klasifikasi Jenis Batuan Beku Melalui
Citra Berwarna Dengan Menggunakan Metode Local Binarypattern Dan K-Nearest Neighbor,” Geol. Sains,
vol. 4, no. 1, pp. 10-15, 2019.

[16] T. D. Novianto and I. M. S. Erawan, “Perbandingan Metode Klasifikasi pada Pengolahan Citra Mata Ikan

Tuna,” Pros. SNFA (Seminar Nas. Fis. dan Apl, vol. 5, pp. 216-223, 2020, doi:
10.20961/prosidingsnfa.v5i0.46615.

Lamasigi, et. al. (Identification of the Freshness Level of Tuna based on Discrete Cosine Transform on Feature Extraction of

Gray Level Co-Occurrence Matrix using K-Nearest Neighbor)


https://e-jurnal.pnl.ac.id/infomedia/article/view/715/0
https://jurnal.fikom.umi.ac.id/index.php/ILKOM/article/view/667
https://jurnal.fikom.umi.ac.id/index.php/ILKOM/article/view/667
https://jurnal.uns.ac.id/prosidingsnfa/article/view/216-223
https://jurnal.uns.ac.id/prosidingsnfa/article/view/216-223

