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Abstract 

Image segmentation represents a significant area of research, with extensive investigations conducted 

within this domain. It serves as a fundamental process for various tasks, including object detection, 

image recognition, feature extraction, and classification, all of which rely heavily on the quality of the 

segmentation. Essentially, image segmentation involves partitioning an image into multiple 

homogeneous segments, thereby simplifying the representation of the image and enhancing the efficacy 

of pattern recognition. The performance of different segmentation methods can vary based on factors 

such as object arrangement, lighting conditions, shadows, and other environmental influences. Despite 

the diversity of techniques available, no universal method exists that can effectively segment all types of 

images, although certain approaches have demonstrated superior effectiveness in specific contexts. The 

primary objective of this study is to explore these dynamics. 
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I. INTRODUCTION 

An image serves as a visual depiction of an object or scene, encapsulating valuable information. The 

process of analyzing an image to extract information without altering its other characteristics is a 

significant application of digital image technology[1]. This capability is particularly relevant across diverse 

fields and practical applications, including military operations, medical diagnostics, and astronomy. 

Within the realms of computer science and computer engineering, pattern recognition, image analysis, 

and related disciplines are considered fundamental areas of study[2]. 

Currently, innovative technologies are advancing in the field of image processing, particularly within 

image segmentation. This process is both crucial and complex[3]. Image segmentation represents a key 

stage in image analysis, involving the division of an image into homogeneous regions based on specific 

criteria, ideally aligning with real objects present in the scene[4]. In practice, image segmentation plays 

a vital role in subsequent phases of a typical recognition system, simplifying data representation such as 

color or texture[5]. From a multimedia standpoint, image segmentation can be applied to individual 

images or sequences of images that constitute a video[6,7]. Overall, the primary objective of 

segmentation is to reduce data complexity for more straightforward analysis, where it is defined as the 
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partitioning of a digital image into continuous, disjoint, and non-empty subsets to aid in attribute 

extraction[8]. Image segmentation continues to be a dynamic and intriguing area of research within 

image processing. The quest for a universal image segmentation technique remains a significant 

challenge for researchers and developers[9]. Essential requirements for effective image segmentation 

include: 

● Every pixel within a given area is part of an image. 

● A region is considered linked if any two pixels within it can be connected by a line that remains 

entirely within the area. 

● Each region exhibits homogeneity concerning a chosen characteristic, which may be based on 

syntactic factors (such as intensity, color, and texture) or semantic criteria. 

● Neighboring regions cannot be merged into a single homogeneous region. 

● There is no overlap between distinct regions[10]. 

The primary objective of segmentation is to streamline an image, making it more expressive and 

accessible, ensuring that only the relevant objects are examined during the object analysis stage[11]. 

However, improper segmentation can lead to a decline in the effectiveness of the classification process 

and the accuracy of object measurement[12]. 

The subsequent sections of the article are structured as follows. Section 2 outlines various image 

segmentation techniques. Following that, section 3 explores the applications of image segmentation. 

Section 4 presents the results and discussions. Lastly, section 5 concludes with a summary and 

suggestions for future research. 

 

II. IMAGE SEGMENTATION TECHNIQUES 

Image segmentation algorithms can primarily be categorized into three distinct techniques: boundary-

based segmentation, region-based segmentation, and hybrid-based segmentation[13].  

The first technique focuses on identifying discontinuities within an image, utilizing lines, edges, and 

isolated points that arise from sudden changes in local characteristics to delineate regions. The second 

technique, in contrast, leverages the homogeneity of spatially dense information, including texture, 

intensity, and color, to achieve segmentation results. The third technique integrates both boundary-

based and region-based segmentation approaches, as illustrated in Fig. 1. Additionally, Table 1 provides 

a summary of these techniques. 
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Fig. 1: Example of hybrid image segmentation [29] 

 

 

 

 

TABLE 1. COMPARE IMAGE SEGMENTATION TECHNIQUES 
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Sr. 

no. 

Technique Description Pros Cons 

1 Boundary - 

based 

segment 

Discontinuity 

detection serves as the 

foundation for this 

analysis. 

● Appropriate for 

straightforward images. 

● Highly effective for 

images featuring 

significant contrast 

among their elements. 

● The low computational 

demand enhances the 

suitability of these 

methods for application.    

● It is ineffective with 

images that contain 

numerous edges or 

lack clarity.  

● Generating a closed 

curve or boundary is 

not achievable. 

● It is unsuitable for 

images that exhibit 

excessive noise.   

2 Region-based 

segment 

The assessment is 

grounded in a defined 

set of criteria for 

similarity. 

● Increased resistance to 

noise. 

● This method proves 

beneficial when the 

criteria for similarity are 

clearly defined.   

 

● It is costly in terms of 

memory and time.   

 

3 Hybrid - 

based 

segment 

This approach 

integrates both region 

and edge information. 

● Depends on the 

combination of 

techniques employed.   

● Depends on 

combination of 

techniques 

employed.   

The current segmentation techniques primarily focus on distinguishing objects from the background, 

necessitating prior knowledge of the data and user-defined input parameters[14-17]. This reliance can 

result in either under-segmentation or over-segmentation, depending on the control over the 

environment. Consequently, there is a need for enhancements in existing methods to facilitate improved 

image classification. Despite the extensive body of literature addressing image segmentation and the 

diverse methodologies employed, segmentation can be categorized into several types, including 

thresholding [18,19], edge-based segmentation [20,21], region-based segmentation [22-25] and energy-

based segmentation [26-28]. The subsequent subsections will commence with a review of thresholding-

based segmentation, followed by an examination of the other three categories. 

A. THRESHOLDING- BASED SEGMENT 

This category of methods relies on variations in the gray scale values of an image to partition it into 

subregions. It can also facilitate the extraction of foreground objects from the background by utilizing a 

specified threshold value. A gray level image can be transformed into a binary image, which should 

encapsulate all pertinent information regarding the position and shape of the objects of interest. The 

primary benefit of generating a binary image is the reduction of data complexity, which in turn 

streamlines the recognition process. However, identifying significant peaks and valleys within the image 
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can be challenging. Additionally, this approach has limitations, such as neglecting spatial details, which 

may result in non-contiguous segmented regions. It is also sensitive to noise and presents difficulties in 

determining an appropriate threshold[30]. Another drawback is the increase in computational 

complexity, which escalates in proportion to the image size[19]. An example of threshold-based 

segmentation is illustrated in Fig. 2. 

 

 
Fig. 2: Threshold-based segment (a) original image, (b) resultant image after segmentation [31] 

 

B. EDGE- BASED- SEGMENT 

Segmentation in this context involves detecting the edges within an image based on its gradient to 

delineate object boundaries. This approach identifies objects by using edges as the primary criterion. It 

typically employs methods that include first-order derivative/gradient operators, second-order 

derivative operators, and optimal edge detectors. 

1. The Gradient Operator, which utilizes first-order derivatives, reacts to discontinuities in intensity 

levels. It features a positive leading edge and a negative trailing edge, employing techniques such as 

Prewitt, Roberts, and Sobel operators to identify edges by calculating the magnitude of the first 

derivative[21,32]. 

2. The Second Derivative Operator is characterized by a positive response on the darker side and a 

negative response on the lighter side. While it is particularly sensitive to noise, it is effective for 

extracting secondary information. Techniques like the Laplacian operator and the Difference of 

Gaussian (DoG) detect edges by identifying zero-crossings[33]. 

3. The Optimal Edge Detector, such as the Canny edge detector, is capable of producing continuous 

edges that are single-pixel thick and resistant to noise. It can effectively identify both strong and 

weak edges[21,34]. 

However, edge-based segmentation has several weaknesses. One significant issue is its inability to 

consistently produce accurate object boundaries, often resulting in missing or fragmented edges that fail 

to distinguish the area of interest from the background. In many instances, the edges generated by this 
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method are disjointed. Another challenge is its sensitivity to noise; in noisy images, edge detection 

frequently leads to incorrect segmentation. Additionally, the method is prone to edge expansion issues 

between critical regions, particularly in images with high spatial resolution and complex geometric 

shapes. This can result in either over-segmentation or under-segmentation, as the edges between 

regions become poorly defined. An illustration of edge-based segmentation is provided in Fig. 3. 

 
Fig. 3: Edge-based segment (a) original image, (b) resultant image after segmentation [34] 

 

C. REGION- BASED SEGMENT 

1. This category encompasses region growing, splitting and merging, and clustering techniques.  

1. Region Growing involves utilizing predefined criteria to segment an entire image into smaller sub-

regions. However, this approach has notable drawbacks, including its sensitivity to noise, the 

presence of holes or discontinuities in the extracted regions, and its high computational 

complexity[35,36]. 

2. Region Splitting and Merging divides an image into distinct sub-regions, followed by merging or 

splitting operations based on specific segmentation criteria. This method also faces challenges 

related to complexity and high compositionality[37]. These techniques are often less favored due to 

several limitations. Firstly, they tend to be more computationally intensive than alternative methods, 

leading to increased processing time and memory usage. Secondly, they struggle with extracting 

geometric information, making them unsuitable for images affected by shadows or shading. 

Consequently, addressing these limitations is crucial for enhancing the precision and reliability of the 

segmentation process. 

3. Clustering involves organizing data into groups known as clusters, where each cluster contains data 

points that are more similar to one another than to those in other clusters[38]. Clustering finds 
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applications across various fields, including medicine[39], geography[40,41], and agriculture[42]. 

Clusters are formed based on diverse properties such as size, color, and texture[43]. Two primary 

types of clustering are recognized: hierarchical clustering, which organizes data into a tree structure 

where the root represents the entire dataset and internal nodes represent clusters[44,45].  

The second category involves partitioning, where pixels are grouped into k clusters. The K-means 

algorithm is employed to classify image pixels into a specified number of clusters, denoted as k, which is 

a positive integer. This algorithm, introduced by MacQueen [46], has been widely utilized for image 

segmentation in various fields, including calorie estimation [47,48] and medical imaging[39,49]. The 

classification process relies on similarity features such as pixel intensity, color, and spatial distance[43]. 

A significant advantage of clustering is that it does not require prior knowledge of the data distribution. 

Researchers are drawn to K-means for image segmentation due to its efficiency, simplicity, ease of 

implementation, and capability to quickly cluster large datasets. However, the K-means technique has 

notable limitations. It is sensitive to noise, restricts the number of clusters, and different initial centroids 

can lead to varying results, which increases computational complexity and time. Figure 4 depicts a 

region-based segmentation example. 

 

 
D. ENERGY- BASED SEGMENT 

This category focuses on optimizing an objective energy function, with the minimum solution 

corresponding to the segmentation outcomes. The most prevalent techniques in this area are active 

contour models and graph-based methods. 

1. Active Contour: Active contour models have been extensively linked to image segmentation[51]. Over 

the past decade, they have found widespread application in various fields, including image segmentation 

and motion tracking. The primary goal of active contour is to adjust an initial curve to align with the 

boundary of an object, guided by certain constraints derived from the image. The two fundamental 

models within active contour are snakes and level sets. Snakes adjust predetermined points based on an 

energy minimization approach, while level sets explicitly move the contour according to a specific level 

of a function. Active contour models are favored over traditional image segmentation techniques, such 
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as region growing, thresholding, and edge detection, due to several advantages. Firstly, they can be 

effectively formulated within a structured energy minimization framework, allowing for the integration 

of various prior knowledge. Secondly, they produce smooth and closed contours as segmentation results, 

which are essential for subsequent applications like shape analysis and recognition[52]. Additionally, the 

active contour method is widely utilized for image segmentation because of its ability to efficiently 

identify object boundaries. 

In the realm of active contour, there are two main types: edge-based and region-based. Edge-based 

methods typically employ an edge detector to identify the boundaries of image regions, guiding the 

contours toward these edges. In contrast, region-based methods utilize statistical information regarding 

image intensities to evolve the contour[53]. 

Region-based active contours are characterized by their flexibility in the placement of initial contours, as 

they operate on the principle of global energy minimization. This means that they can effectively identify 

internal boundaries regardless of where the initial contours are positioned. The use of predefined 

starting contours facilitates autonomous segmentation. Additionally, these methods are less vulnerable 

to local minima or noise compared to edge-based active contours, making the initialization of active 

contours a critical aspect of segmentation. 

a. Snake: The snake model, introduced by Kass, Witkin, and Terzopoulos[54], employs a spline 

approach. Since it relies solely on local information along the contour, the classic snake can 

accurately locate edges only if the initial contour is positioned close to them. Conversely, determining 

the optimal starting contour without prior information poses a significant challenge. Furthermore, 

snakes maintain a consistent topology throughout their evolution, which limits their ability to detect 

multiple boundaries simultaneously. Consequently, they cannot merge from several initial contours 

or separate into multiple boundaries. Level set methods offer a viable solution to address the 

limitations of snakes. 

b. Active contour based regions: Traditional methods that depend on edge functions, which utilize 

image gradients to halt curve evolution, face a fundamental limitation. They can only identify objects 

with clearly defined gradient borders. In practice, discrete gradients are limited, and the stopping 

function rarely reaches zero near the edges, potentially causing the curve to extend beyond the 

intended boundaries. In the presence of noisy images, strong isotropic Gaussian smoothing is 

required, which can inadvertently blur edges. This may lead to the misidentification of edges when 

the stopping function relies solely on the gradient. To overcome this issue, Chan and Vese[55] 

proposed an active contour model that employs curve evolution techniques. It has been proposed 

that objects lacking clearly defined borders should be identified. To achieve this objective, the model 

emphasizes reducing energy consumption. The primary aim of this approach is to detect objects even 

in the absence of a pronounced gradient. 

2. Graph-based methods: These techniques are grounded in graph theory. This category of 

segmentation methods focuses on identifying minimum cuts within a graph, where the criterion for 

cutting aims to reduce the similarity between the separated pixels. It includes: 
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a. Normalized cut, a graph-based technique first introduced by Shi and Malik[26]. This method treats 

each image pixel as a node in a graph and views segmentation as a partitioning problem. The image 

is represented as an undirected, weighted graph, with each pixel as a node and edges formed 

between every pair of pixels. The weight of an edge reflects the similarity between the connected 

pixels. The image is segmented into distinct sets by removing the edges that connect the segments, 

with the optimal partition being the one that minimizes the weights of the removed edges[56]. 

b. Graph-cut is designed to find a global optimum specifically for binary labeling in foreground and 

background image segmentation. The cut should occur at the boundary where the object meets the 

background, with a focus on minimizing energy near this boundary[28]. This involves optimizing the 

energy function related to the segmentation. 

c. Local variation is akin to normalized cuts, measuring dissimilarity between pixels through the weights 

of the edges. This method segments an image based on the variability present in adjacent regions 

[57]. Additionally, it addresses challenges related to under-segmentation and over-segmentation in 

image processing. 

However, graph methods do have their limitations. They are computationally intensive, sensitive to 

issues of over-segmentation and under-segmentation, and often require user interaction, leading to 

incre-    

ased time complexity. An example of an energy-based segmentation approach is presented. 

 

 
Fig. 5: Energy-based segment (a) original image, (b) resultant image after segmentation [59] 

 

The primary four categories of image segmentation are illustrated in Table 2, which outlines the benefits 

and drawbacks associated with each category. It is evident that all categories face challenges related to 

high computational complexity in accurately selecting certain parameters, as well as varying levels of 

complexity. Among these, the active contour method stands out as one of the more straightforward 

approaches, allowing for integration with other computer vision or pattern recognition techniques. 

Furthermore, active contour can accurately converge to the shape of the segmented object, a crucial 

aspect for calorie counting. Figure 6 presents the various categories of image segmentation techniques. 
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Fig. 6: Image segmentation techniques 

 

TABLE 2  SUMMARIES THE METHODS FOR IMAGE SEGMENTATION 

IMAGE SEGMENTATION TECHNIQUES 
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Method Pros Cons 

Gradient 

operator 

1- The computation process is straightforward, 

rapid, and uncomplicated.   

2- The edges and their orientations are 

identified. [32]    

1- These methods exhibit a higher 

sensitivity to noise.   

2- Edge detection may occasionally be 

unreliable.   

3- There is a lack of consistency. [21] 

Second 

derivative 

operator 

1- The detection of edges and their orientation 

through the cross operation is uncomplicated, 

owing to the estimation of gradient magnitude.   

2- The characteristics remain constant across all 

directions.   

3- A broad region surrounding the pixel can be 

examined. [33]   

1- With an increase in noise, the 

strength of edges diminishes as a 

result of edge detection and 

orientation processes.   

2- Irregularities in the gray level 

intensity function occur at corners, 

curves, and areas where the gray level 

intensity fluctuates. [33]  

Optimal 

edge 

detector 

1- The signal-to-noise ratio has been enhanced.   

2- Detection accuracy has increased in 

environments with significant noise. [34]  

1- Complicated calculations that 

require an extended duration to 

finalize.   

2- Establishing universal thresholds 

applicable to all images presents 

considerable difficulties. [34] 

Thresholding 1- No prior familiarity with the image is 

necessary.   

2- The computational complexity is relatively 

low.  [18] 

3- It is advantageous for distinguishing between 

background and foreground.    

1- Identifying prominent peaks and 

troughs within the image can be 

challenging.   

2- The method overlooks spatial 

details, which may result in non-

contiguous segmented areas.   

3- It is susceptible to noise 

interference.   

4- Establishing an appropriate 

threshold can be difficult. [30] 
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Region 

growing 

1- It can accurately differentiate between areas 

that share identical characteristics.   

2- It is essential to ensure that the boundaries 

are well-defined.   

3- The underlying principle is uncomplicated.   

4- The outcomes exhibit a favorable alignment 

with the intended shape.   

5- It is capable of selecting multiple criteria 

simultaneously. [35]    

1- This option is resource-intensive in 

terms of both processing time and 

memory usage.   

2- The choice of the seed region and 

the sequence in which pixels and 

regions are assessed are closely linked 

to the process of region growth.   

3- The seed point can be obtained 

through manual interaction.   

4- It is susceptible to noise, which may 

lead to disconnection within the 

region. [35]   

Region 

Splitting & 

Merging 

1- Divide the image until the desired resolution 

is achieved.   

2- Various criteria may be employed for the 

processes of splitting and merging. [37]   

1- This method is intricate and 

requires a significant amount of time.   

2- The result of region merging is 

typically influenced by the sequence 

in which the regions are combined.   

Clustering 1. The method operates at a rapid pace and does 

not require any prior understanding of the data 

distribution. It is characterized by its efficiency, 

simplicity, and capability to swiftly cluster large 

volumes of data points.   

2. The underlying principle is straightforward, as 

the number of clusters is predetermined. [46]     

1. A challenge arises in selecting the 

appropriate number of clusters.   

2. Different initial centroids can lead 

to varying results.   

3. The method is susceptible to noise. 

[45] 

Active 

contour 

1. Identify the edges of objects.   

2. It is preferable to characterize images that 

exhibit a wide range of shapes.   

3. A rapid and effective approach.   

4. It offers a linear representation of the object's 

shape throughout the convergence process 

without necessitating further processing.   

5. It is capable of promptly generating closed 

parametric curves or surfaces from images while 

imposing a smoothness constraint on them.     

1. It is susceptible to noise.   

2. It is sensitive to the selection of its 

parameters, including the number of 

initial contours and their positioning. 
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Graph 1- Regular segments are provided.   

2- It minimizes the risk of excessive 

segmentation. [26,56] 

3. The inference process is rapid.   

4. It is relevant to a broad spectrum of issues, 

including image labeling and recognition. [28]    

1- The selection of the number of 

segments is necessary.   

2- A significant amount of storage 

capacity is needed, along with a 

considerable degree of time 

complexity.   

3- There is a tendency to divide into 

equal portions.   

4- The computation process is 

challenging. 

5. Its applicability is limited, as it is 

primarily associative.   

6. Unary terms are required, which 

restricts its use in generic 

segmentation.   

7. It struggles to distinguish between 

components that have similar 

intensity levels.   

8. Segmenting thin, elongated objects 

poses significant challenges; thus, 

interactive methods are 

recommended.    

 

III. IMAGE SEGMENTATION APPLICATIONS 

Image segmentation techniques have become increasingly significant across various applications due to 

advancements in computer technology. Following are  several practical applications of segmentation 

techniques. 

1. Remote Sensing: Satellite images are segmented for applications such as urban planning and precision 

agriculture, addressing significant environmental challenges influenced by climate change [55].   

● Satellite image segmentation.   

2. Earth Observation (EO): The dynamic assessment of the Earth's surface through conventional 

methods enhances data acquisition, enabling the extraction of high-resolution information that aids in 

comprehending the Earth's surface dynamics, employing various techniques including deep learning 

models and convolutional neural networks (CNNs) [64].    

● Road network analysis. 

● Local climate zone identification. 

● Traffic management systems.   
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3. Medical Applications: Image-guided therapy represents a crucial approach for the precise and swift 

diagnosis of medical conditions, with image segmentation facilitating straightforward and accurate 

analysis [61, 2].     

● MRI detection through region growing techniques [35]. 

● Tissue Volume Measurement   

4. Calorie Estimation: Calorie estimation through mobile devices involves differentiating the image's 

background from its constituent elements [65].   

5. Shape Detection: Shape detection is a vital aspect of image processing, focusing on identifying 

boundaries within images that exhibit variations in color, brightness, or texture [66].   

6. Pattern Recognition   

● Facial recognition [62] and iris recognition [63].   

7. Security: Security remains a critical and complex challenge. Image segmentation serves as a 

fundamental preprocessing step in numerous applications, including security monitoring, by partitioning 

an image into distinct salient components [68].   

● Object recognition and matching. 

● Scene comprehension. 

● Fingerprint analysis [67]. 

● Video surveillance.   

 

IV. RESULTS AND DISCUSSION 

The preceding section offered a comprehensive examination of various segmentation techniques. This 

analysis highlighted the significance of segmentation, as it finds extensive application in numerous real-

world scenarios, including pattern recognition, feature extraction, image retrieval, machine vision, 

satellite imaging, biometrics, and military operations. The exploration of the advantages and 

disadvantages of segmentation methods in relation to key criteria—such as sensitivity to noise, 

computational intensity, requirement for manual intervention, sensitivity to segmentation, and issues of 

under-partitioning—demonstrated the challenges in achieving optimal performance across all these 

criteria simultaneously. Consequently, image segmentation should be regarded as a critical aspect, and 

it is advisable to integrate multiple segmentation approaches to mitigate their shortcomings and 

enhance overall outcomes. 

 

V. CONCLUSION AND FUTURE WORK 

This study presents a comprehensive review of various segmentation techniques, highlighting their 

significance in digital image processing, including border, region, and hybrid methods applicable in real-

world scenarios. Despite extensive research spanning several decades, image segmentation remains a 

formidable challenge within the field, as each technique possesses its own set of advantages and 

limitations. Consequently, no single method can be deemed universally effective for all image types, and 

not all techniques are equally appropriate for specific categories of images. Future research will focus on 

https://www.ijfmr.com/


 

 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

 

IJFMR250135110 Volume 7, Issue 1, January-February 2025 15 

 

evaluating the application of advanced technologies, such as deep learning and optimization algorithms, 

in the realm of image segmentation. 
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