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Abstract  

Teeth are one of the calcified and hard structures found in the human mouth. 

One of the tooth defects that often appears and is experienced by several people in 

the world is damage caused by dental caries. Diseases that can arise from dental 

caries include swelling of the gums and fever in the body. To classify and determine 

the level of damage in dental disease, dentists usually utilise examinations through 

dental panoramic images. Dental panoramic images are digital images of x-rays 

that can help provide a lot of information about teeth such as cavities or tooth 

structure. However, the problem that occurs sometimes to identify or classify the 

type of caries is still found to be a mismatch of analysis so that technological aids 

are needed to provide analysis or decision support. Therefore, by applying digital 

image processing technology by applying methods in image processing, namely 

Watershed segmentation and the Multiclass Support Vector Machine method, it is 

possible to classify the type of caries using dental panoramic images. From the 

results of the research conducted, it can be explained that the results of 

segmentation of dental panoramic images using the Watershed method can show 

the detected caries area spots. Meanwhile, the use of the Multiclass SVM method 

for the classification method shows accuracy results reaching 88%. 

  

 This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. ©2023 by author. 

I. INTRODUCTION 

The rapid development of technology has driven the advancement of research, including on digital image 

processing technology [1]. Imaging technology is constantly developing and of course also covers the field 

of health as a tool for diagnosing diseases or disorders of one of the dental organs [1]. Teeth are one of the 

hard and calcified structures found in the human mouth [1]. Teeth have many tasks like biting, chewing, 

and tearing food. One of the teeth damages that often appears and is experienced by some people in the 

world is the damage caused by tooth decay [2]. One of the diseases that can arise from tooth decay is 

swelling of the gums and causing a fever in the body. Besides, tooth decay can lead to more fatal dangers 
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like cancer or tumors [3]. One of the causes of this disease is the occurrence of demineralization of the 

tissue email from the surface of the tooth due to acid, one of which is caused by foods that have sugar 

content that continues to become dental caries [4]. The process of caries through dentin emails can result 

in local white turning brown to black.[4] Then, to detect dental caries disease to make it easier to identify, 

a grouping or classification is carried out [4]. 

To classify or determine the extent of damage to dental diseases, dentists usually use examinations 

through panoramic dental images or dental panoramic images [2].  A dental panoramic image is a digital 

X-ray image that can help provide a lot of information about a tooth such as a hollow tooth or tooth structure 

[5].  

However, the problems that sometimes arise to perform the identification or classification of the type of 

caries are still found inappropriate analysis, so it is necessary to provide technical aids to support the 

analysis or decision [6]. So, the aim of this research is to provide a supporting medium to support the 

process of classification of caries types based on dental panoramic images by utilizing digital image 

processing technologies such as segmentation methods as well as utilizing the development of machine 

learning classification methods that are now developing rapidly. This study will use the image segmentation 

method as a method to segment the area of tooth damage using the method of watershed transformation. 

As in the study carried out by Yuting Lu et al, that is, the application of the water segmentation method for 

the segmentation of medical images MT and MRI in breast tumors [7].From the results of the research 

conducted it was concluded that this method is excellent for doing segmentation on the image MRI of 

tumors in the breast because it can display the morphological character of the image as well as can show 

more fine segmentation results.     

As for the selection of machine learning methods, in the previous research conducted by Rijah Khan et 

al, it was to classify lung diseases based on X-ray imaging using Support Vector Machine methods in the 

use of kernels on SVM [8]. The study examined the types of diseases in the lungs: asthma, pleural effusion, 

fibrosis, and pneumonia. The SVM kernel is usually used to classify several classes or types so it can be 

called the Multiclass SVM. From the results of the research, it is concluded that the uses of the kernel used 

are Linear, Polynomial, and Radial types. From the results of the research, the classification results reached 

an average accuracy of almost 100%. Then, based on the explanation of the previous exposure then in the 

research will use the watershed method as the method of caries segmentation and the method Multiclass 

Support Vector Machine as a method of classification to determine the type of dental caries. The research 

is expected to provide assistance to the parties involved in providing a diagnosis in determining the type of 

caries through panoramic dental imaging. 

II. METHODS 

The classification of the type of dental caries through the panoramic image of the tooth in this study 

utilizes image processing technology. Image processing in this research is the main process to determine 

the kind of tooth caries starting with the process of image input, preprocessing, as well as segmentation. 

After the segmentation phase, characteristic values for each type of research data will be obtained so that 

the classification process can be applied using the Multiclass Support Vector Machine. The following is a 

flowchart of this research. 
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Figure 1. Flowchart Process 

Figure 1 explains that the course of the study begins with the inclusion of panoramic images of the teeth 

according to the type studied and tested. In this study, the applied panoramic dental image data was 

downloaded from the site https://www.kaggle.com/datasets/walidphd/dental-caries-classificationv3 in the 

Joint Photographic Experts Group format. (.JPEG). The research data is divided into three classes or types, 

namely the deep caries class, the superficial caries, and the normal or healthy tooth class [2]. The data 

analyzed in this study is 240 images. The following is an example of the test image applied in this research. 

 

     
           (a)       (b)    (c) 

 

Figure 2. Dental Panoramic Image (a) Profunda Caries, (b) Superficial Caries, (c) Healthy Teeth 
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Figure 2(a) is the result of a panoramic image of a tooth for a profunda caries condition, with the main 

feature that caries has reached the pulp so that inflammation occurs in the pulp tissue with an indication 

that the patient often feels pain suddenly without any stimulation [9]. For Figure 2 (b) is a superficial caries 

condition with characteristic caries already reached inside the email with indications the patient has not felt 

a pain complaint. While Figure 2 (c) is a panoramic image of a tooth in a healthy or normal condition [9]. 

The next process is the segmentation method using the watershed transform method. Watershed 

transform is a derivative of a morphological pattern that has the concept of region or region segmentation 

[7]. The initial process applied to the segmentation process is the panoramic image result of the acquisition 

in the application will be applied preprocessing i.e. image enhancement by improving contrast through 

contrast stretching and as well as transforming into Black and White (BW) mode through binaryzation. 

Image enhancement is applied as a step to improve image quality so that image characteristics can be more 

prominent [10].  

The basic principle of watershed segmentation is to define an image with the three-coordinate model x, 

y, and z with pixels with different color intensities [11]. The coordinates x and y are the basic region of the 

pixel position, and the z coordinate is a pixel with a level of obscurity that has a magnitude of bright intensity 

so that it is thought to have an increasingly high magnitudo intensity. 

Based on the results of the watershed segmentation, several characteristic values are obtained which are 

applied to distinguish the characteristics of one object from the other. In this study will be obtained several 

characteristics namely area, perimeter, centroid, and equiv diameter [12]. A perimeter is the edge of an area 

or region on the outermost part of an object in an image that is in a position next to the background of an 

image [13]. A centroid is the coordinate position of the center point of the object, wh[13]ile an equiv 

diameter is a diameter of the circle shape of a nucleus or lesion [12]. 

The next stage, after the segmentation is completed and the characteristic values of each type of test data 

are obtained, is the next stage of classification using the method Multiclass Support Vector Machine or 

MSVM. MSVM is the development of the support vector machine algorithm. This development provides 

a solution of the SVM characteristics in providing solutions to real-world problems that have some types 

of classifications of more than one [14]. In this study will be applied the properties of MSVM which is the 

concept of One Against All in order to obtain classification in some type or class [14]. For the type of class 

classified in this study are the deep caries class, the superficial cariasis class, and the normal tooth class. 

Here is a classification equation using MSVM on equation (1) [14]. 

(𝑤𝑖)
𝑇

 ∅ (𝑥𝑗) +  𝑏 
𝑖 < −1 +  𝑗

𝑖

→ 𝑦𝑗 ≠ 𝑖                   (1) 

 

From equation 1 it can be explained that the variable w is the weight of the support vector, while the 

variables i and j are the classes studied. Variables b and  j

i

  each are bias and soft margins on the MSVM 

equation. The classification process in this research is divided into two: the training process and the testing 

process. In the research conducted, classifications utilized kernel functions because there were some data 

that could not be divided in a linear form [15]. The kernel provided a mapping of each test data on each 

input area into a new vector in a better or higher dimension [15]. The kernel type in this study is the 

polynomial type of kernel and the gaussian type [16]. Here are the equations of the polynomial kernel as 

well as the Gaussian kernel used in this study. 
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𝐴(𝑏, 𝑐) =  (𝑏 × 𝑐)𝑑                      (2) 

𝐴(𝑏, 𝑐) = exp  × (− ||𝑏 –  𝑐||² / 2𝜎²)              (3) 

On equations (2) and (3) for variables (b) and (c) are data pairs of the trained data partition. For the 

parameters σ and d are constants in the equation. As for ||𝑏 − 𝑐||² is the mathematical square of the vector 

distances b and c. 

For the training process at the classification stage, start by reading the panoramic input image to be 

preprocessed then perform the feature extraction using the watershed and classified using the MSVM 

method [15]. Then the testing process also has almost the same process as training. However, in the test 

phase there is a difference that the results of the vector features are not stored in the database but matched 

with the class that has been recorded by the training database so that matching is done with the test image 

data that has the same class.  

The next stage is the evaluation of the classification process. This phase is aimed at obtaining the most 

accurate outcome of the prediction with the actual outcome [15]. Here are the results of the accuracy 

equation used in this study. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑡𝑖𝑜𝑛 =  
𝑇𝑃

𝑇𝐴
  × 100%                      (4) 

In the equation (4) can be explained for TP is the total number of relevant images that are accurately 

classified according to the test stage. 

III. RESULTS AND DISCUSSIONS 

The initial step in this research is to enter the dental panoramic test image into the image processing 

application then preprocess it by resizing the test image to 200 x 200 pixels [14]. The preprocessing is also 

given a contrast stretching method so that the image quality becomes better. From the results of contrast 

stretching the image will be converted into binary or Black and White (BW) mode through the binarization 

process. Here are the results of the preprocessing done. 

 

      

         (a)          (b) 
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                  (c)       (d)           

Figure 3. Preprocessing Results (a) Test Image, (b) Resize Image, (c) Contrast Stretching, (d) Binarization 

Figure 3(a) is a panoramic test image of a tooth with a sample of profunda caries type while Figure 3(b) 

is the result of resizing the image to 200 x 200 px. This is done to shorten the time in the image processing 

process. Figure 3 (c) is the result of the contrast stretching process to obtain a clearer contrast. With a 

clearer contrast, an increase in color sharpness will be obtained in the image, so that a clear characteristic 

value can be obtained [17]. While Figure 3(d) is the result of the binarization process which will be used 

as input in the watershed segmentation process. 

After the preprocessing stage, the next step is segmentation using the watershed method. The process is 

carried out to obtain characteristic values that will be used as a reference for the classification process using 

the Multiclass Support Vector Machine method. The following are the segmentation results using the 

watershed method. 

 

                   

Figure 4. Segmentation Results (a) Colour Labelling, (b) Bounding Box, (c) Caries Dental Spot Region 

Figure 4 (a to c) shows the panoramic image of the tooth segmented using watershed. In Figure 4(a) the 

color labeling process is the first step in watershed segmentation which aims to facilitate the gradation 

analysis process between normal regions and different regions in the dental organ area. Furthermore, Figure 

4 (b) is a bounding box to detect special areas that are considered as different regions from normal areas. 

For Figureure Figure 4 is the final result of watershed segmentation with the spot characteristics of the 

detected caries region marked with a red circle. 

Based on the results of the watershed segmentation that has been carried out, characteristic information 

will be obtained from each type of research test sample that has been tested in the training process and 
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stored in the database [14]. For the characteristic values obtained according to what is described in the 

methodology chapter, namely the area, perimeter, centroid, and equiv diameter characteristics. The 

following presents the range of characteristic values from the group of test data studied in Table 1, so that 

it can be a reference indicator for the classification of the type of caries studied. 

Table 1. Feature Range Values of each Type of Dental Panoramic Image Studied 

No Tooth Conditions Area Perimeter Centroid EquivD 

1. Profunda Caries 9,42 -11,22 12,47 -13,85 0,89 - 0,93 116,21 -125,76 

2. Superficial Caries 6716 - 9690 10,85 – 11,41 0,77 – 0,80 103,42 – 106,65 

3. Normal Condition 5512 13,4 0,54 94,3 

 

Based on Table 1 for panoramic images of teeth with profunda caries type has a characteristic range of 

area (9.42-11.22), perimeter (12.47-13.85), centroid (0.89 - 0.93), and equivD (116.21 - 125.76). For the 

type of superficial caries type, the characteristic range values are area (6716 - 9690), perimeter (10.85 - 

11.41), centroid (0.77 - 0.80), and equivD (103.42 - 106.65). As for the normal tooth class, the characteristic 

values are area (5512), perimeter (13.4), centroid (0.54), and equivD (94.3). Based on these results, the 

value of the characteristic range of certain types of conditions has a difference depending on the extent of 

caries and the distribution of caries in the dental organ area. 

The next stage is classification using Multiclass Support Vector Machine or MSVM, applied to the 

training process and testing process. In the training process, each type of condition has a total data of 40 

dental panoramic image data. While the testing process also applied test data of 40 image data for each 

type. The method applied to the process of dividing training data and test data utilizes the Cross Validation 

method [14]. Tests were applied to each type of kernel planned to obtain information on which kernel 

obtained the maximum accuracy value. In this research, the parameters of the Multiclass Support Vector 

Machine method applied are iterations = 100, lambda = 1, ε = 0.001, γ = 1, and C = 1 [14]. The following 

presents the identification results that have been carried out with each type of kernel. 

Table 2. Test Classification Results 

No Tooth Condition Polynomial Gaussian 

1. Profunda Caries 89,2 87,2 

2. Superficial Caries 87,3 85,3 

3.  Normal Condition 88 89,2 

Based on the results from Table 2, it can be explained that the best average accuracy is 89.2% in the 

polynomial kernel type for profunda caries conditions. As for the gaussian kernel, the best accuracy is 89.2 

for normal dental panoramic conditions. The following graph presents the classification accuracy value 

based on the kernel type. 
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Figure 5. Classification Accuration 

In Figure 5, it can be explained that the polynomial kernel test has an average accuracy of 88.16%. 

Meanwhile, the gaussian kernel has an average test accuracy of 87.23%. From the explanation, it is 

concluded that the polynomial kernel in this study has the maximum classification accuracy compared to 

the use of the gaussian kernel. 

IV. CONCLUSIONS AND RECOMMENDATIONS  

From the research conducted, the application of the watershed segmentation method and classification 

using the Multiclass Support Vector Machine method in the classification of dental panoramic images to 

determine the condition of the type of dental caries can be used as one of the considerations in the process 

of diagnosing the condition of patients affected by dental health problems. This is because the segmentation 

process using the watershed method can partition the components of the normal condition area image with 

the caries area in the dental panoramic image.  

While the use of the Multiclass Support Vector Machine method obtained a fairly optimal accuracy value 

reaching an accuracy value of 88% of the test process. For further development suggestions, other 

segmentation methods can be considered that can be applied to reduce over-segmentation areas to improve 

the accuracy of the classification process. And it is hoped that this research can be useful for other 

researchers and related parties, especially in the medical field. 
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