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1. INTRODUCTION

The rapid development of the era, humans face various types of diseases that exist, even
some of these types of diseases can be fatal and even death, one of the most famous
diseases is diabetes mellitus. According to Dr Damar Upahita, diabetes mellitus is among
the deadliest diseases in Indonesia. Diabetes mellitus is a serious disease, diabetes
mellitus can even lead to several disease complications including cardiovascular disease,
kidney disorders, inflammation, and obesity (Liantoni, 2016). According to the
explanation in the World Health Organization (WHO) data, there are 171 million diabetics
in the world in 2000 at this time and will experience an increase of 2 times, by 2030
there will be 336 million sufferers (Pawening et al., 2020). Diabetes mellitus can be
characterised by a condition of chronic hyperglycaemia caused by abnormalities in
insulin secretion. In addition, diabetes mellitus is a disease that cannot be transmitted to

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


http://iocscience.org/
http://www.iocscience.org/ejournal/index.php/mantik
https://creativecommons.org/licenses/by-nc/4.0/

692 a ISSN 2685-4236 (Online)

other people (Syarifah et al., 2022). Diabetic ulcers are caused by diabetes mellitus.
People with diabetes mellitus have a 29 times risk of diabetic ulcer complications, and
the potential to experience diabetic ulcers is 15-25% during their lifetime and within 5
years has a recurrence rate of 50-70% (Laia et al., 2021). Diabetic ulcers can be
characterised by chronic wounds. This is a disease that occurs below the ankle and is
caused by the process of peripheral neuropathy, peripheral arterial disease that increases
morbidity, mortality and reduces the quality of life of patients (Mardisa et al., 2022). In
the process of detecting diabetic ulcers, object detection will be carried out in the image
of wounds on the soles of the feet through image processing which will recognise diabetic
ulcers in patients with diabetes mellitus. In this research, K-Nearest Neighbor (KNN) is
the algorithm that will be used in image processing objects. The application of KNN which
is a methodology for grouping certain objects and then considering the closest distance
from the object (Kurnaiwan, Muhamand Reinaldi Purnamasari & Fuadah, 2021). The
purpose of the KNN algorithm is to classify objects based on sample attributes and
training, where the results of the tested samples are reclassified mostly in the KNN
category (Ikhsan et al., 2020).

In previous research entitled "Classification Of Diabetic Foot Ulcer Using
Convolutional Neural Network (CNN) In Diabetic Patient" obtained an accuracy result of
99% using the CNN algorithm. The study conducted several validation training and loss
validation so that the stage was carried out six times epoch to get maximum results.
Therefore, this research tries to use the KNN algorithm with the Gray Level Co-
Occurrence Matrix (GLCM) model which is an extraction of image or texture features from
images. By using GLCM, it will be able to measure the level of roughness, uniformity and
texture patterns in the image. GLCM will also improve the feature representation and
enrich the information used to classify the data. The GLCM stage only requires one time,
and is simpler and easier to implement. The advantage of this research is that it is faster
because the training is not much and saves storage. Based on the description that has
been presented, a research topic was raised with the title "Implementation of the KNN
Algorithm in Classifying Diabetic Ulcers in Patients with Diabetes Mellitus".

Of & Of, n.d. (2021) conducted a study entitled SVM vs KNN For Classification Of
Histopathological Images Of Varicose Ulcer getting the results that tests conducted with
the KNN algorithm obtained an accuracy rate of 80.95%. In this study, using several
methods starting with feature extraction. The feature extraction includes texture,
homogeneity, energy, entropy, contrast, average, similarity, and variation features. Then
the next method is classification in the form of a KNN classifier and SVM classifier. The
last method is the experimental results that finally the difference in ulcer stage is
classified using KNN classifier and SVM classifier.

Huang et al., (2021) conducted a study entitled Accurate Diagnosis Of Endoscopic
Mucosal Healing In Ulcerative Colitis Using Machine learning And Machine Learning
getting the results that tests conducted with the KNN algorithm obtained an accuracy
rate of 93.8%. In this study, using several methods starting with resources which means
searching for datasets. Then the next method is database and image separation and
preprocessing. After that, the next method is image classification through DLML-CAD
concept DLML-. The last method is training and flow calculation in order to get
significant results.

Broti et al., (2022) conducted a study entitled Analysis Toward Detection System
Of Skin Diseases (Impetigo, Melanoma, Diabetic Foot Ulcer, And Seborrheic Dermatitis)
getting the results that tests conducted with the KNN algorithm obtained an accuracy
rate of 93.37%. In this study, there are four methods which include image pre-
processing, segmentation, feature extraction and classification tasks. The images
constituting the dataset were collected from various medical websites then the images
were resized into two parts, 67% of the total images have been used for training and 33%
for testing. Another 1250 sets of images have been used for validation.

Journal of Mantik, Vol. 7, No. 2, Agustus 2023: pp. 691-701



Mantik ISSN 2685-4236 (Online) a 693

Khorasani et al., (2020) conducted a study entitled Detecting Ulcerative Colitis
From Colon Samples Using Efficient Feature Selection And Machine Learning to get the
results that tests conducted with the KNN algorithm obtained an accuracy rate of
92.31%. In this study, the method used first is data pre-processing which includes steps
such as calculating the expression value per gene by taking the average expression value
of all probes mapped to the same gene, handling missing values with the KNN imputation
method from the "missingpy" library in Python27. Then the next method is model
generation which aims to create a model to distinguish using dimensionality reduction
through the pertubation theory feature selection method. The last method is bio disc ml
which is a bio marker discovery software that uses machine learning methods to analyse
biological data sets.

Reddy et al., (2021) conducted a study entitled Exploiting Machine Learning
Algorithms To Diagnose Foot Ulcers In Diabetic Patients getting the results that the test
conducted with the KNN algorithm obtained an accuracy rate of 93.16%. In this study,
the method used is data pre-processing performed on the loaded data set. Then the
percentage division of 80% is used for training and 20% for testing with 107 and 26
respectively. Then three existing algorithms and one proposed algorithm are implemented
in programming individually.

Harahap et al., (2022) conducted a study entitled Classification Of Diabetic Foot
Ulcer Using Convolutional Neural Network (CNN) In Diabetic Patients getting the results
that tests conducted with the CNN algorithm obtained an accuracy rate of 99%. In this
research, the method used is pre-processing the image test data by rotating, adding
contrast and removing noise in the image. Image test data with testing stages carried out
on the dataset collection is grouped and divided into 547 training image sets, 171 testing
sets and 137 validation sets.

Based on previous research studies that have been described, this research uses
the KNN algorithm with the GLCM model to get better accuracy and a shorter process. By
classifying 1040 datasets that will distinguish into normal and abnormal classes.
Therefore, how does it differ from the current research is the model used. It is hoped that
the model used is easier, does not take more time and get better results.

2. RESEARCH METHOD

In this study using the type of experimental research where researchers implemented the
KNN algorithm in classifying diabetic ulcers in patients with diabetes mellitus. This
research uses deep learning methods in processing images that will later be used as
research objects. Deep learning will process images that will be classified by KNN to
determine whether the object image is a normal or abnormal wound (diabetic ulcer). This
research carried out several stages of work procedures. The work procedures carried out
are as follows:
a. Dataset

Datasets are collections of data that have been organised and are generally patent
for each input. In this study, a dataset is needed in the form of several images of objects
to be studied, namely the soles of the feet of people with diabetic ulcers, the source of the
dataset can be obtained from
https:/ /www.researchgate.net/publication/353818646_Diabetic_Foot_Ulcer_DFU_datase
t which is the object of this research.
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Figure 1. Example of Diabetes Mellitus Wound Object on the sole of the foot

b. Creating Base Dir

Base dir is a variable that indicates the path or base directory for the diabetes
dataset. This stage combines the previously calculated data with the help of the
number_label dictionary and produces visualisations in the form of bar charts with
appropriate titles and labels.
c. Object Classification

In this research, objects with diabetic ulcers are classified using the KNN
algorithm.
d. Results

The final stage where the result of the wound object detection shows the
classification of the wound type where the object will be classified as a diabetic ulcer or
not.

3. RESULTS AND DISCUSSIONS

Entering the results stage, where the research is almost complete but needs to perform
some tests to ensure the programme can function properly. Testing the programme to
ensure any errors that would later become potential defects are detected, the researcher
will immediately overcome quickly and do the final completion of the programme. This
research obtained results from the data processing, testing and discussion of the
proposed model to classify diabetic ulcers in patients with diabetes mellitus.

3.1. Creating a base dir
Base dir is a variable that indicates the path or base directory for the diabetes
dataset.The value "content" at the beginning of the path indicates that the dataset is
located in the main directory or the current context directory in the environment used,
such as Google Colab or Jupyter Notebook. Then, the "DATASET" directory is a
subdirectory within the main directory. The directory indicates that the diabetes dataset
is located within the "DATASET" sub-directory. The last step of creating the base dir is to
create the "diabetes" directory which is the second sub-directory located within the
"DATASET" sub-directory. This indicates that the specific diabetes dataset is located
within the "diabetes" sub-directory. The dataset was obtained from the website
https:/ /www.researchgate.net/publications/353818646_Diabetic_Foot_Ulcer_DFU_datas
et which can be obtained online.
The code is used to count the number of files in each sub-directory in base_label.
In addition, the code also counts the total number of files in all sub-directories and prints
the result. It then defines an empty dictionary number_label = {}. This dictionary will be
used for stores the number of files in each sub-directory. The variable total_files is
initialised with a value of 0. It will be used to calculate the grand total of files in each
subdirectory. The last step is to print the message "Total Files:" followed by the current
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total_files in each iteration of the loop. Outside the loop, after it has finished counting the
number of files in all sub-directories, it then prints the message "number of all files
present in the dataset:" followed by the value of total-files.

3.2. Visualising Images and Labels

The code provided uses matlotlib to create a bar chart showing the number of
images for each label in the dataset. This stage combines the pre-calculated data with the
help of the number_label dictionary and generates a visualisation in the form of a bar
chart with appropriate titles and labels. Then it is necessary to import the matplotlib
module first by using import matpolib.pyplot as plt before running the programme. It has
certainly executed the previous code that counts the number of files in each subdirectory
and stores it in the dictionary number_label. The result of the number of images per label
can be seen in Figure 2.

Jumlah Gambar Tiap Label

500 4

400 4

300 1

Jumlah Gambar

2001

100 4

Normal Abnormal
Label

Figure 2. Number of Images per Table

3.3. Object Classification

This stage of the research is used to display sample images from each class in the
dataset. The explanation of this stage is in the form of: (a) Img each_class = 1 is a
variable that determines the number of sample images to be displayed for each class.
This instance is set to 1, which means one image from each class will be displayed. (b)
Img samples = {} is a dictionary that will be used to store the garmar of each class (c)
Classes = list(number_label.keys()) retrieves the list of classes from the previously created
dictionary number_label

Inside the loop, it will iterate through each class, get a list of file names from each
class, and then limit the number of files retrieved to img each_class. Inside the nested
loop, it iterates through the list of file names obtained in the previous step. At each
iteration, it constructs a complete image path with and stores the path in the
img_samples dictionary with class as the key. After collecting sample images from each
class, it proceeds with a loop to display each image. Thus, this code will display sample
images one by one from each class in the dataset, with the title corresponding to the
class. After running the previous code that counts the number of files in each sub-
directory and stores it in the dictionary number_label. In addition, it imported the
matloplib.pyplot and matplotlib.image modules. Then count how many images in the
dataset directory, and obtained a total of 512 normal dataset images and 543 abnormal
datasets, an example of a normal sample image can be seen in Figure 3. and examples of
abnormal sample images can be seen in Figure 4.
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Figure 3. Picture of Normal Class Sample
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Figure 4. Picture of Abnormal Class Sample

3.4. Creating Function for KNN Classification

This stage will import some modules for KNN first. Then it uses the
calculate_glcms(image) function to calculate some features of the Gray Level
CoOccurrence matrix (GLCM) given the image as input. GLCM: greycomatrix(image,[1],
[0, np.pi/4, np.pi/2,3 np.pi/4], levels=256, symmetric=True, normed=True) calculates
the GLCM matrix of the image with pixel distance 1 and angle O, np.pi/4, np.pi/2, and3
np.pi/4. Then, the GLCM matrix is calculated using the greycomatrix() function of
skimage.feature. KNN will classify an image based on the closest distance to other objects
or neighbours, KNN illustration can be seen in Figure 3.4.
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Figure 5. KNN Illustration

There are several functions used to calculate some properties of GLCM: (a)
Contrast = greycoprops(glcm,'energy').ravel() calculates the energy of the GLCM matrix
using the greycocrops() function with the argument 'contrast'.ravel() is used to convert
the result into a 1D array. (b) Dissimilarity = greycoprops(glcm, 'dissimilarity’).ravel()
calculates the dissimilarity of the GLCM matrix using the greycoprops() function with the
argument 'dissimilarity’. (c) Homogeneity = greycoprops(glcm, 'homogeneity').ravel()
calculates the homogeneity of the GLCM matrix using the greycoprops() function with the
'homogeneity' argument. (d) Energy = greycoprops(glcm, 'energy').ravel() calculates the
energy of the GLCM matrix using the greycoprops() function with the argument 'energy’'.
(e)Correlation = greycoprops(glcm, 'correlation').ravel() calculates the correlation of the
GLCM matrix using the greycoprops() function with the argument 'correlation'. (f)
Features = np.hstack([contrast, dissimilarity, homogeneity, energy, correlation]) combines
all the GLCM features into one feature vector using the np.hstack() function. Each of the
previously calculated GLCM features (contrast, dissimilarity, homogeneity, energy, and
correlation) will be the elements in the feature vector.

Return features serves to return the calculated feature vector. In addition, using
the calculate_glcms() function, the programme calculates the GLCM features of an image
and uses them for further analysis, such as classification or pattern detection in the
image. This function is used after importing the necessary modules, such as
skimage.feature and numpy. Then the images from the two different categories of normal
and abnormal are loaded as grayscale images using OpenCV's cv2.imread() function.
After that, there will be two empty lists that will be used to store the images from the
"Normal" and "Abnormal" categories respectively

Through the loop for i in range(1,101) the programme will iterate from 1 to 100
according to the number of images in each category. Furthermore, the images will be
modelled with a grey scale and the images will also be loaded in the form of a numpy
array. The loaded images are then added to the normal_images or abnormal _images list
according to the image category. After finishing loading all images from the "Normal" and
"Abnormal" categories, the normal_images and abnormal_images lists will be returned as
the outpur of the function.

Implementation is done to extract GLCM features from normal and abnormal
diabetes images, and store the features in a list of features and labels in a list of labels.
Features and labels are two empty lists that will be used to store GLCM features and
labels respectively.

X _train, X_test, y_train, y_test = train_test_split(features, labels, test_size=0.2,
random_state=42) splits the dataset into training and test data. features is the list of
features to be split, labels is the list of labels to be split, test_size=0.2 determines the
proportion of test data (20% of the total dataset), and random_state=42 is used to set the
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seed so that the split can be reproduced with the same result each time the code is run.
return X_train, X_test, y_train, y_test returns four variables containing the split training
and test data. By using the split_dataset() function, the program can split the feature and
label dataset into training and test data. The variable X_train will contain training data
features, X_test will contain test data features, y_train will contain training data labels,
and y_test will contain test data labels. The programme can also use this data to train
the model and test its performance.

This research uses a function to perform classification using the KNN algorithm.
This function uses the KNeighborsClassifier from the sklearn.neighbors module to
perform classification. Each part of the function is knn =
KNeighborsClassifier(n_neighbors=3) initialises the KNeighborsClassifier object with the
parameter n_neighbors=3, which specifies the number of neighbours to be used in the
classification process. It then changes the value of n_neighbors as needed. By using the
knn_classification() function, researchers can train the KNN model using X_train and
label-train y_train data, and predict and calculate accuracy on X test and label-test
y_test data. Researchers can also adjust the value of n_neighbours and conduct further
analysis of the prediction results and model accuracy. The plot_confusion_matrix()
function is used to evaluate the model prediction results. Then, the classification_report
function takes two arguments, namely y_test which contains the original labels of the
test data and y_pred which contains the prediction results of the model. The
classification report will include various evaluation metrics such as precision, recall, f1-
score, and support for each class. From the test result matrix, the accuracy is 0.94
(94%), precision 0.928, recall 0.905, F-1 Score 0.907 and support 66. The results of the
confusion matrix plot can be seen in Figure 6.
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Figure 6. Confusion Matrix Plot

Based on the research of Mawaddah Harahap (2022) [16], entitled classification of
diabetic foot ulcer using convolutional neural network (CNN) in diabetic patients, the
accuracy result is 99% using CNN algorithm. It can be concluded that the process in
KNN uses fewer models and does not require more models, namely GLCM. In CNN, it is
necessary to train as many as 6 models consisting of VGG19, Resnet50V2, Resnet101V2,
Resnet 152V2, InceptionRestNetV2, and MobileNetV2 to get maximum results and high
accuracy Based on the results of the research that has been undertaken, the following
are things that are concluded by researchers in writing research reports are obtaining an
accuracy value of 0.94 (94%), precision 0.928, recall 0.905, F-1 Score 0.907 and support
of 66. Can be seen in Table 1 for comparison of results from previous titles.

Journal of Mantik, Vol. 7, No. 2, Agustus 2023: pp. 691-701



Mantik ISSN 2685-4236 (Online) a 699

Table 1. Comparison of Results

Algorithm Accuracy Precision Recall F-1 Scrore Support
KNN 0.94 0.928 0.905 0.907 66
CNN 0.99 1.00 0.986 0.993 72

After obtaining the accuracy results of this study, a comparison was made with
S previous journals that used the KNN algorithm that classified ulcers. The following
accuracy comparison can be seen in Table.

Table 2. Comparison of KNN Accuracy Results

Research Title Accuracyl/Percentage
SVM Vs KNN For Classification Of Histopathological Images[10f 80.95%
Varicose Ulcer

Accurate Diagnosis Of Endoscopic Mucosal Healing In[1Ulcerative 93.8%
Colitis Using Machine Learning And MachinellLearning

Analysis Toward Detection System Of Skin Diseases[(Impetigo, 93.37%
Melanoma, Diabetic Foot Ulcer, And Seborrheicl/Dermatitis)

Detecting Ulcerative Colitis From Colon Samples Using[Efficient 92.21%
Feature Selection And Machine Learning

Exploiting Machine Learning Algorithms To Diganose Foot[JUlcer 93.16%
In Diabetic Patients

Implementation of the KNN Algorithm in Classifying1Diabetic 94%

Ulcers in Patients with Diabetes Mellitus

4. CONCLUSION

This research implements the KNN algorithm in classifying diabetic ulcers in patients
with diabetes mellitus which aims to help medical personnel be more modern and better
in utilising technology. Based on the results of the research that has been undertaken,
the following are the things concluded by the researcher in writing the research report is
the results of the research conducted obtained an accuracy value of 0.94 (94%), precision
0.928, recall 0.905, F-1 Score 0.907 and support of 66. Then, the obtaining a comparison
between CNN and KNN in terms of methods and accuracy. The implementation of the
KNN algorithm in classifying diabetic ulcers is expected to increase the ease of delivering
information and save time and effort in medical science and it is expected to facilitate and
provide efficiency and acceleration of performance due to the application of technology in
the medical world. The limitation of this research is that the dataset is not much, so it is
hoped that further research will use larger data and with other algorithms. In addition,
this research only uses one variable, namely diabetic ulcers. so, it is hoped that further
research will use more variables.
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