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Abstract— A tumor is an anomalous mass in the brain which can be cancerous.  Such anomalous growth within 

this restricted space or inside the covering skull can cause problems. Detecting brain tumors from images of 

medical modalities like CT scan or MRI involves segmentation (Division into parts) for analysis and can be a 

challenging task. Accurate segmentation of brain images is very essential for proper diagnosis of tumor and non-

tumor areas for clinical analysis. This paper details on segmentation algorithms for brain images, advantages, 

disadvantages and a comparison of the algorithms. 
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I.  INTRODUCTION  

 

Brain tumors can erupt anywhere within the brain with the growth of anomalous cells. There are at least over 100 

histologically distinct brain tumors, each having its own range of clinical presentations and treatment. Brain 

tumors have an effect that it can totally change a human’s way of life. Brain disease is a standout amongst the 

riskiest in light of the fact that almost all tumors that emerge in the brain are malignant. Diagnosis of a brain 

tumor begins with physical examination and medical history. Muscle strength, body coordination and memory are 

checked by a doctor. Medical imaging modalities like CT scan of the head or MRI of the head are additionally 

used by clinicians to identify the location and size of the tumors.  

 

 
Figure. 1 – Brain Tumor 

 

These medical modalities are a boon to doctors as they provide multiple images of the brain in high resolution. 

Tumors cause direct harm by attacking brain tissue where their manifestations depend on size and location.. 

Separating various tissues of the brain before analysis of tumors is an uphill task in image processing as the brain 

has various tissues like Gray Matter White Matter and Cerebrospinal Fluid. Though Intensity is an important 

element in separating diverse tissues of the brain in images, utilizing intensity alone to section the complex brain 

structure may be inefficient. Radiologists perform visual and qualitative analysis of these medical images. 

Intricate diagnosis with an elaborate quantitative analysis for assessment is facilitated by  Computer aided 

diagnosis (CAD). CAD systems are effective as they have lesser negative impacts on diagnosis results when 
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compared to manually driven diagnosis. Segmentation is an underlying step of image analysis and partitions the 

input image based on common characteristics like color, intensity or texture [2]. It helps quantification of required 

regions in images for analysis by establishing relationships of data [9]. This paper discusses brain image 

segmentation methods. Figure1 shows a human brain with tumor 

 

II. BRAIN IMAGE SEGMENTATION AND CHALLENGES 

 

Image segmentation is a key step in computerized medical analysis like radiotherapy planning, diagnosis and 

treatment [12]. Segmentation methods can be classified as manual, semi-automated or automated segmentations 

based on human interactions [16]. Brain image segmentation is also prone to challenges and problems. The input 

brain images may have noise or heterogeneous levels in image intensities. The contrast level of the brain images 

may also vary, thus making identification of tumors a challenge. It becomes complex when the distinction 

between the healthy tissues and tumor regions is thin or cannot be identified. Further, the size of the tumors also 

plays an important role in identification as tiny tumors may be overlooked. Human errors can occur in 

considering brain tissues as tumors, creating problems in accuracy. 

 

A. Segmentation Methods 

The above discussed difficulties in brain image segmentation, has been the driving force for researchers to 

develop various algorithms in brain image segmentations. The complexities involved in segmentations have also 

helped in researcher trying combination of algorithms for the same [15]. Image segmentation can be done in 

many ways and though there are hundreds of such techniques these papers details on a selected few techniques. 

 

Manual Segmentation: In manual segmentation processes an expert physician or individual with intrinsic 

knowledge on brain anatomy labels brain regions using brain imaging software. This slice-by-slice introspect 

segmentation is the most accurate method, but time-consuming and likely fail with novices. Manual 

segmentation used to prepare ground truths and labels and validate other segmentation techniques. 

 

Intensity-based Methods: These segmentation methods categorize brain regions based on pixel intensity or 

image intensity-based features extracted from brain images. Though these methods are popular  their 

applications are limited to classification of Gray Matter, White Matter  and Cerebrospinal Fluid regions of the 

brain. A detailed or sub classification is challenging and may fail. It is also dependent on efficient preprocessing 

of brain images. Thresholding is an example of intensity based method. Thresholding is an effective and  simple 

method, where objects in an image are classified based on object intensities and intensity thresholds. Using 

histograms of an image, single objects can be separated from their background using global thresholding method 

(single threshold). In cases where there are more than two intensities, segmentation is carried out using local 

thresholding. The threshold values are based on local statistical properties  and prior knowledge[10]. Also, 

partial volumes of regions are calculated for thresholding [3] or thresholding occurs using Gaussian distribution 

of data values [6]. Figure 2 shows the output of a thresholded Brain Image 

 
Figure. 2 - Brain Image Thresholding 

 

Region based segmentation: Pixels in an image are examined in these methods. Pixels with similar 

characteristics are grouped to form regions. The regions also satisfy common criteria. Regions thus formed can 

be assembled to get the original image. The simplest region-based segmentation technique is the region 

growing, which is used to extract connected regions of similar pixels from an image. Pre-processing methods 

help segmentation with realistic results [8]. Figure 3 shows the output of a Region segmented brain image. 
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Figure. 3 - Region Segmented Image. 

 

Pixel classification based segmentation: In pixel classification segmentation images are represented in a 

feature space using their attributes of gray level, color and texture in the image. These segmentation have 

constraints in clustering pixels using supervised or unsupervised classifiers in the feature space. Figure 4 shows 

the output of Pixel based segmentation.  

 
Figure. 4 - Pixel based segmentation 

 

Model based segmentation: Segmentation of 3D images are usually done using model based segmentation 

techniques like parametric deformable models. A continuous connected model is built for specific anatomic 

structures based on prior knowledge of object like shape, orientation and location. Geometric representation of 

object structures is difficult due to variability in their shapes [4].Parametric deformable models (active contour 

models or snakes) can segment required anatomic structures with a priori knowledge about the shape , size and 

location of the structures. These segmentation techniques are less efficient in handling topological changes in an 

image. 

 
 

Machine Learning Methods: Machine learning (ML)  techniques are the most used for intrinsic evaluation of 

anomalous growth in the brain like tumors. Supervised ML methods are  trained on training samples 

where the ground truths and labels are provided for each sample. In unsupervised ML methods, no such labels 

are provided for samples. Though supervised and unsupervised methods are used in segmentation, unsupervised 

methods have been of greater interest to researchers. Supervised learning methods need a larger sample set in 

training. In contrast, unsupervised techniques are less sensitive to data size and can function even in the case of 

small data size. However, the accuracy of classification might not be as good as supervised methods, but it can 

compete in certain cases. A few of these methods namely KNN, K-Means Clustering, Fuzzy C Means and 

Morphological based segmentation are detailed below 
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KNN: K-Nearest Neighbor (k-NN) is a simple technique that can provide classifications for image 

segmentation[5]. It is based on an Euclidean distance and voting function within a neighbourhood [11]. KNN 

consumes more processing time. Segmentation is done in four steps namely determined k value, Euclidian 

distances calculations, sorting the minimum distance and determination of classs based on majority. Figure 5 

shows KNN segmentation Output. 

 
Figure. 5 - KNN segmentation. 

 

K means Clustering: K-means (Unsupervised ML algorithm) is a non-complicated technique used for solving 

issues in clustering [7].A defined  value of ‘k’ is the input corresponding to the number of clusters and centers. 

It is continuous clustering  and an iterative process. Mean value of pixels in one iteration becomes the centroid 

of next iteration. Thus, the final iteration will have the best result achieving k-level segmentation of the 

image[17]. Figure 6 shows the output of K means Clustering.  

 
Figure. 6 - K means Clustering 

 

Fuzzy C Means: fuzzy c means divides a given set of data into a clusters or a group, with homogeneity inside 

the group and heterogeneity between groups [13].In FCM  the initial points are determined. Fuzzification of a 

technique is allowing partial membership in one or more clusters to each data point. Each pixel or member of a 

fuzzy set can belong to multiple clusters or sets. Membership functions define the fuzziness in an  image.[14]. 

Figure 7 shows the output of FCM. 

 
Figure. 7 - Fuzzy C means Output 

 

Morphological Based Segmentation: These segmentation techniques remove demerits of segmentation and 

operate on bi-level images [18]. Morphological operations used in images can be  opening/ closing , boundary 

extractions, Region fillings, extraction of connected components and thinning/thickening. Pixels are structured 

using a structuring element with dynamic sizes to give a new processed image output. Figure 8 shows the output 

of Morphological based segmentation. Thus, multiple techniques are employed to evaluate for segmenting brain 

images. Table 1 lists a comparative performance of different techniques in brain image segmentation. 
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It can be observed that most classifiers score above 90% in accuracy of segmentations. Morphological based 

operations involve many pre-processing methods which enhance the quality of images and thus pave way for a 

higher segmentation accuracy. 

 
Figure. 8 - output of Morphological based segmentation 

  

Table 1 – Comparative performances of Segmentation Techniques 

 

SNO Technique Accuracy 

1 K-NN 91-94% 

2 K-Means  91-94.5% 

3 FCM 92-95.5% 

4 Morphological Operations based segmentation 97-99% 

 

III. CONCLUSION 

 

Brain image segmentation’s importance can not be denied and is present in all types of analysis starting from 3D 

MRI data visualization to structural MR data analysis, brain segmentation represents an essential step in the 

process. Various techniques, such as threshold-based, machine learning-based or hybrid methods, have been 

developed and optimized to perform brain parcellation. However, not all techniques produce a high accuracy rate, 

which is due to a variety of issues. For instance, supervised machine learning methods require enough labeled 

data (ground truth) to train a model than can segment the brain with a high accuracy rate. As mentioned above, 

providing the ground truth by manually segmenting the data is a timeconsuming approach. Consequently, 

unsupervised machine learning using unsupervised methods, or so-called clustering algorithms, are of greater 

interest. The extant literature reveals that several successful segmentation cases in which fuzzy c-means (FCM) 

was utilized have been reported. Furthermore, researchers have indicated that by combining various methods to 

develop hybrid algorithms, they have achieved more robust segmentation methods that yield higher accuracy 

rates. 
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