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ABSTRACT 

Segmentation of dental medical images is gaining importance because it enables clear 
visualization of anatomic details without manual intervention. In many clinical 
scenarios, radiographic interpretation is continuously enhanced with image 
segmentation techniques. Dental segmentation poses various challenges in computer 
vision, as this process is critical and requires high accuracy. Traditional methods, 
especially convolutional neural networks (CNNs), have not achieved high accuracy due 
to suboptimal performance and computational inefficiency. The goal of image 
segmentation is to group pixels based on visual properties such as color, texture, 
intensity, or spatial proximity to identify and delineate the boundaries of distinct objects 
or regions within the image. In this study, the You Only Look Once (YOLOv8) 
algorithm is improved to achieve real-time tooth segmentation with high accuracy and 
high execution speed. The increase in the number of YOLOv8 layers relied upon, as the 
algorithm's segmentation accuracy depends on the number of layers used to extract 
features from the image (backbone) and the number of layers in the head (prediction). 
In addition, the layer sizes are reduced to improve execution speed. The novelty of this 
work lies in improving the Coordinates-To-Features (C2f) module, for which its 
equations were derived, and in employing gradient-descent-based methods in the loss 
function to reduce loss and achieve the highest prediction accuracy. The enhanced 
model focuses more on dental features, which facilitates the efficient spread of the 
gradient through adaptive weights. In addition to the Proposed Activation Function 
(PAF), the dataset used (top view) was obtained from a dental clinic, comprising 526 
images of dental patients. The highest accuracy of 99.561% was achieved when the 
enhanced YOLOv8 segmentation model was applied to the dental dataset. It can be 
concluded that the improved YOLOv8 model has increased dental segmentation 
accuracy compared to previous research, as it relies on a proposed PAF that enhances 
the distinction between features extracted from the model's layers, enabling it to 
separate teeth from surrounding tissues more effectively. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

This chapter presents the overall background and motivation of this study. It 

introduces the importance of dental image segmentation in modern dentistry and its role 

in diagnosis, treatment planning, and digital dental analysis. Section 1.3 explains the 

problem statement and the key challenges faced in achieving accurate dental 

segmentation. Section 1.4 outlines the research questions that guide this study, while 

Section 1.5 lists the main research objectives. The significance and scope of the study 

are described in Sections 1.6 and 1.7, respectively. Finally, Sections 1.8 and 1.9 provide 

an overview of the remaining chapters and a summary of this introductory chapter. 

1.2 Background 

Dental image analysis plays a vital role not only in oral healthcare but also in 

dental biometrics. Dental images are of two types: color-based intra-oral camera images 

and radiographic images. The use of color-based images in the oral healthcare domain 

is relatively limited. At the same time, X-rays are more commonly used to detect oral 

diseases such as cysts and caries. Still, color images accurately and clearly depict the 

external shape of the teeth, which is required to build a dental print (see Figure 1.1). 

Figure 1.1 Dental Color Image (Rubiu, Giulia, et al, 2023) 
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