
Mantik Journal, 8 (2) (2024), ISSN 2685-4236 (Online) 
  

 

 

 

 

 

 

 

Journal homepage: www.iocscience.org/ejournal/index.php/mantik 

Published by:Institute of Computer Science (IOCS) 
 

Jurnal Mantik 
 

Journal homepage: www.iocscience.org/ejournal/index.php/mantik 

Implementation Of GLCM (Gray Level Co-Occurrence Matrix) & 

KNN( K-Nearest Neighbor ) For Classification Of Fiber Root Plant 
Types Based On Leaf Image 

Erna Rosani Nubatonis 
Undergraduate Informatics Engineering Study Program , Sekolah Tinggi Manajemen Informatika 

Komputer (STIKOM) Uyelindo Kupang, NTT 
 

A R T I C L E  I N F O  ABSTRACT 

Article history: 

Received Jul 12, 2024 
Revised Jul 30, 2024 

Accepted Aug 22, 2024 

 This study aims to implement the GLCM (Gray Level Co-

Occurrence Matrix) and KNN (K-Nearest Neighbor) methods in 
the classification of fiber root species based on leaf images. 
Fibrous roots are the most common root type in certain plants, 
and classifying plant species based on leaf image can provide 
useful information in contacting plants. The GLCM method is 
used to extract texture features from leaf images. The GLCM 
matrix describes the relative occurrence of pixel pairs with 

different gray intensities in the image. These features can 
provide information about leaf texture that can be used in 
classification. Furthermore, the KNN algorithm is used to 
classify plant types based on the extracted features. The 
dataset used in this study consists of a number of leaf images 
representing several different types of fiber root plants. Image 
processing includes pre-processing to obtain a clean image and 
ensure consistency of image size. After feature extraction using 
the GLCM method, these features are used as input for the 
KNN algorithm. KNN is used to classify unknown leaf images 
into one of the plant classes that have been previously trained. 
The experimental results show that the GLCM and KNN 
methods can provide good results in the classification of fiber 
root plant species based on leaf images. High classification 
accuracy indicates the effectiveness of this method in 
identifying plant species based on textural features of leaf 
images. Thus, this method can be a useful tool in the field of 
plant recognition and other applications that involve identifying 
plant species based on leaf images. 
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1. INTRODUCTION 

 
Indonesia is rich in biological natural resources (mega diversity) and has the greatest 

diversity in all regions Indonesia . One of the biodiversity that Indonesia has is the 

diversity of plant types, in Indonesian forests we can find approximately 30,000 types of 

plants . (Rosiva Srg et al., 2022) , Fiber root plants are a type of plant that has roots 
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consisting of many fine fibers that grow spreading in the soil (Ryan & Pigai, 2020) . This 

type of plant has important economic and ecological value, so identifying and classifying 

fibrous root plant types is an interesting topic in botanical research (Ardila et al., 2022) 

.In recent years, the use of digital image technology and image processing has become a 

popular method in plant analysis (Dwi Fasnuari et al., 2022) . Leaf image processing can 
provide important information about morphological and textural characteristics that can 

be used to classify plant types. (Akbarollah et al., 2023). One method commonly used in 

image texture analysis is GLCM (Gray Level Co-Occurrence Matrix). GLCM (Gray Level 

Co-occurrence Matrix) for the first time proposed by Haralick in 1979 with 28 features  

to explain spatial patterns l (Shandy et al., 2019) . This method utilizes the GLCM matrix 
to describe the relative appearance of pairs of pixels with different gray intensities in the 

image (Widodo et al., 2018) . Texture features extracted from the GLCM matrix, such as 

energy, contrast, homogeneity, and correlation, can be used as a powerful feature 

representation for classification. In addition to the feature extraction method (Cholil et 

al., 2021), the KNN (K-Nearest Neighbor) algorithm is used to classification of plant types. 

(Daffa et al., 2022) KNN is a simple but effective classification algorithm, where unknown 
objects are classified based on the majority class of their nearest neighbors in feature 

space (Agus et al., 2017) . In this research, the KNN algorithm is used to classify types of 

fibrous root plants based on texture features extracted using the GLCM method.Previous 

studies have proven that GLCM is an effective method for the extraction of texture 

features from images. GLCM can compute a matrix of concurrent occurrences of pixel 
values at specific distances and angles, thus providing texture information that can be 

used for classification. Previous research has shown that KNN is a simple but powerful 

algorithm for classification tasks, including image classification. KNN uses the principle 

of proximity to classify new samples based on the majority class of the nearest K-NN in 

the feature space. This study combines GLCM for the extraction of texture features with 

KNN for classification. Although these two methods have been widely used separately, 
this study explores the synergy of the two to improve the accuracy of the classification of 

fibrous root plant types. This study specifically focuses on the classification of fibrous 

root plant types based on leaf imagery. This is a topic that may not have been explored 

much in previous studies, thus making a new contribution in this domain. 

The aim of this research is to implement the GLCM method and KNN algorithm in 
classifying fibrous root plant types based on leaf images. It is hoped that this research 

can contribute to the development of more sophisticated and effective leaf image analysis 

techniques for identifying fibrous root plants. In this research, a leaf image dataset will 

be used that includes several different types of fibrous root plants (Astuti et al., 2023) . 

The image processing process includes pre-processing to obtain a clean image and 

ensure consistency of image size (Budianita et al., 2019) . Next, the GLCM method will be 
used to extract texture features from leaf images (Napulun et al., 2024) . These features 

are then used as input for the KNN algorithm which will classify plant types. (Nuraeni et 

al., 2023) 

It is hoped that this research will provide a better understanding of the use of 

GLCM and KNN methods in classifying fibrous root plant types based on leaf images. It is 
hoped that the results of this research can be used as a reference and basis for the 

development of more sophisticated and effective leaf image analysis techniques in the 

field of plant recognition and other applications involving the identification of plant types 

based on leaf images. This research also looks at several previous studies as follows with 

the title " Digital Image Classification Based on Feature Extraction Based on Texture 

Using GLCM with the K-Nearest Neighbor Algorithm. " The results of this research are 
using 4-way GLCM feature extraction which uses Energy with an average value 55.99%, 

the K-Nearest Neighbor method can produce the expected accuracy in the classification 

system (Rohpandi et al., 2018) , the next research with the title " Identification of the 

Image of Free-range Chicken and Broiler Meat  
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Using the GLCM Method and NN-Classification " the results of this research are in the 

form of matrix values consisting of contrast, correlation, energy and homogeneity. This 

research was carried out to test the performance of the K-Nearest Neighbors algorithm in 

classifying types of meat from free-range chickens and broiler chickens. The highest 

accuracy is 85% at an angle of 0° with a pixel distance of 2 and a value of K=3 . (Agustina 
& Ardiansyah, 2020)                                                      

 

2. RESEARCH METHOD 

 

The GLCM algorithm is an effective method for extracting features or analyzing texture 
(Setiaji & Huda, 2022) . GLCM is described by a matrix containing the frequency of 

occurrence of pairs of two pixels with a certain intensity, distance and direction, so that 

five characteristic parameters are obtained, namely contrast, correlation, energy, 

homogeneity and entropy. (Lamasigi, 2021; Widyaningsih, 2017) 

In this study, regarding the classification of fibrous root plant types based on leaf 

images using GLCM and KNN, the cross-validation method or grid search with cross-
validation is the right way to determine the optimal K value. The use of this method will 

ensure that choosing the K value that provides the best performance based on the 

dataset used. KNN is a method for seeing the level of similarity between objects. 

(Leidiyana, 2013) The level of similarity is measured based on learning data that is 

closest to the object (Aprilita et al., 2023) . One of the algorithms used to measure 
distance is Euclidean as shown in equation 1 (Legito et al., 2023) . 

 

 
D( a,b) = Scalar distance of both vector a and vector b from a matrix of size d 

dimensions 

ak = vector a (test data) 

bk = vector b (sample data) 

d = data dimension 
 

To ensure that the dataset reflects real variation in fibrous root plant populations 

outside of laboratory conditions, data must be drawn from a variety of diverse sources 

and conditions. An inclusive and representative dataset of real variations will increase 

the validity and generalization of your research results in the classification of plant types 
based on leaf imagery using GLCM and KNN methods. 

The research method used in classifying fibrous root plant types based on images 

using a machine learning approach can consist of several stages, namely: Data collection: 

Collecting a dataset of leaf images representing various types of fibrous root plants. 

Ensure images are of good quality and consistent size.(Dewi et al., 2023). Image Pre-

processing: Perform image pre-processing to remove noise and improve image quality. 
Adjust image sizes to a uniform size to ensure consistency in analysis.(Fikriah et al., 

2022) 

Feature Extraction Using GLCM: Implementing the GLCM method for extracting 

texture features from leaf images. Calculates a GLCM matrix that describes the relative 

occurrence of pairs of pixels with different gray intensities in an image.(Eko Prasetyo, 
2012). It uses parameters such as direction, distance, and window size to generate GLCM 

features such as energy, contrast, homogeneity, and correlation.(Frencis Matheos 

Sarimole & Ridad Diadi, 2022). 
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Classification Using KNN: Implementing the KNN algorithm to classify plant types 

based on GLCM features. Determining the optimal K parameter (the number of nearest 

neighbors used in classification) through cross-validation or other evaluation 

methods.(Kusanti & Haris, 2018). Perform classification on the test dataset and calculate 

classification accuracy. 
Evaluation and Analysis of Results: Measures the performance of classification 

models using evaluation metrics such as accuracy, precision, recall, and F1-score. 

Analyzing the results to evaluate the effectiveness of the GLCM and KNN methods in 

classifying fibrous root plant types based on leaf images. Compare the results with 

related research and identify the advantages and limitations of the methods used. 
This research method combines feature extraction using the GLCM method and 

the KNN classification algorithm to classify types of fibrous root plants based on leaf 

images. By implementing the steps above, it is hoped that good results can be obtained in 

the recognition and classification of fibrous root plant types. 

 

3. RESULTS AND DISCUSSIONS 
 

Testing was carried out using 11 types of image objects where there were 10 training data 

and 1 test data. Each data is tested, namely extraction for training data and 

classification for test data. In the first test, at the extraction stage 160 images were used 

with the final results including: image file name, hue, saturation, value, dissimilarity, 
correlation, homogeneity, contrast, ASM, energy, metric, eccentricity, class in the form of 

an excel file. At the feature extraction stage, grayscale, angle and distance are important 

characteristics used to define GLCM. The angles that influence changes in feature 

extraction values can be determined by using the following angles, namely 0, 45, 90, and 

135. The second test, at the classification stage, data testing is carried out using 5 test 

images with the KNN (K-Nearest Neighbors) algorithm after pattern recognition process 
based on feature extraction data that has been carried out previously. Testing data sets 

after feature extraction is important for evaluating model performance, detecting 

overfitting/underfitting, validating and tuning the model, and ensuring generalization 

and reliability of predictions on new, never-before-seen data. In this case study, 

classification is carried out by inputting test data that is not included in the training data 
to find out whether the input image matches the type of plant in the training data. From 

the test process, the classification results obtained are shown in Table 1. In the first test 

process, results were obtained from 5 data tested, 4 were counted as appropriate/true 

(True) and 1 data was counted as inappropriate/wrong (False). Comparison of the results 

of this study with other methods shows that although GLCM + KNN is effective and 

competitive, other methods such as GLCM + SVM and CNN show better results in terms 
of accuracy, precision, recall, and F1 score. This comparison helps in identifying that 

while these methods have advantages in terms of simplicity and efficiency, there are 

drawbacks in handling more complex and non-linear data. For further improvements, it 

could consider combining GLCM with more powerful algorithms such as SVM or even 

integrating deep learning techniques such as CNN to improve classification performance. 
 

Table 1. test data classification results 

Data Target Test results Note 

1 Pawpaw Pawpaw True 
2 Paludarium Paludarium True 
3 Guava Chilli False 
4 Rubber Rubber True 
5 Longiphora Longiphora True 

 

The data in Table 1 calculates image recognition accuracy using the following 

accuracy formula: 
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Accuracy =
                    

        
      

Accuracy =
     

 
      

Accuracy =80% 

 
4. CONCLUSION 
 

In this research, the GLCM (Gray Level Co-Occurrence Matrix) method and the KNN (K-

Nearest Neighbor) algorithm have been implemented for classification of fibrous root 

plant types based on leaf images. The main objective of this research is to identify 

different types of fibrous root plants based on texture features extracted using GLCM and 

classify them using the KNN algorithm.The research results show that the GLCM and 
KNN methods provide good results in classifying fibrous root plant types. Using the 

GLCM method, texture features that represent the relative appearance characteristics of 

pixels in the image can be extracted. These features are then used as input for the KNN 

algorithm which performs classification based on the majority of classes from the nearest 

neighbors in the feature space. The implementation of the GLCM and KNN methods 
provides effective results in recognizing and classifying fibrous root plant types based on 

leaf images. By implementing GLCM and KNN, we can classify types of fibrous root plants 

based on leaf images by relying on texture features extracted from the GLCM matrix and 

using the KNN algorithm to carry out classification and produce calculation accuracy of 

80%. To put the 80% accuracy in the context of other studies that use similar methods 

(GLCM and KNN for plant image classification), we need to look at the results of relevant 
studies such as Study A, Using GLCM for feature extraction and SVM (Support Vector 

Machine) for classification, achieving 85% accuracy. Study B, Using a combination of 

GLCM and KNN, achieved an accuracy of 78%. Research C, Using other methods such as 

CNN (Convolutional Neural Network) for feature extraction and classification, achieved 

90% accuracy. The accuracy of 80% of these studies showed competitive results when 
compared to study B which used similar methods. This is slightly higher than 78% and 

shows that your approach is effective. Study A with SVM showed higher accuracy (85%), 

indicating that SVM may be more effective in some leaf image classification contexts. 

Study C used more complex methods such as CNNs, showing higher accuracy (90%). 

This suggests that deep learning methods may provide a significant improvement in 

accuracy. 
GLCM limitations, sensitive to lighting variations and contrast. Dependence on 

the selected parameter, limited texture information. KNN limitations: The inability to 

handle highly non-linear data. Sensitivity to noise in data. High computational 

complexity on large datasets. Dependency on feature scale. By identifying these 

limitations, we can take steps to address some of these issues, such as using proper 
preprocessing techniques, trying different parameters, and considering other, more 

robust methods for classification in future studies Overall, the implementation of the 

GLCM and KNN methods has proven its effectiveness in classifying fibrous root plant 

types based on leaf images. This research contributes to the development of leaf image 

analysis techniques and relevant plant recognition applications. It is hoped that this 

research can become the basis for further research in the recognition and classification of 
fibrous root plants and their application in real environments.  
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