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Abstract: Biomedical images are the core of medical science. Magnetic Resonance Imaging (MRI) scans 

produce detailed images of the internal structure of human brain and other parts of the body. Brain tumor 

segmentation from brain MRI data is a very significant task but it is done manually by medical experts which is 

very cumbersome and time-consuming. A large number of techniques have been proposed for the automatic 

brain tumor detection and segmentation from the brain MRI images. In this paper, the existing brain tumor 

detection and segmentation techniques for brain MRI images have been discussed. 
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I. Introduction 
In the field of biomedical imaging, the segmentation of tumor from the human brain has become an 

emergent area of research and hence diverse literature is available in the field. For the diagnosis and treatment of 

the patient suffering from brain tumor, doctors take the help of MRI scans of the brain. But the diagnosis of the 

MRI scan is done manually by the doctor which is a time consuming task and the accuracy of the result depends 

on the experience of the doctor. The conclusions may vary from one doctor to another. Therefore, there is a need 

to overcome these problems and to automate the analytical process of brain tumor detection in MRI images. For 

this, biomedical image processing techniques are applied on the MRI scans [1] [2]. Hence, the segmentation and 

further classification of brain tumor from the MRI scans remains an extensive area of research in the field of 

medical science. In this paper, various existing techniques for detection and segmentation of brain tumor from 

MRI images i.e. thresholding-based, edge-based, region-based and clustering-based segmentation have been 

discussed.  

 

II. Related Work 
In the literature, there are a large number of existing techniques and algorithms for the detection and 

segmentation of brain tumor from MRI images. Asra Aslam et al. presented an improved edge detection 

algorithm for brain tumor segmentation [3]. This algorithm combines the Sobel method with image dependent 

thresholding, finds closed regions using closed contour algorithm and extracts tumors from the image. The brain 

tumors extracted by proposed algorithm are better than the tumors extracted using Sobel edge detector, Roberts 

edge detector and Prewitt edge detector. Roy et al. proposed a completely automatic algorithm to identify 

tumors by utilizing symmetry analysis [4]. In this paper, the idea that the region of image containing the tumor 

has higher intensity than the region with healthy brain tissues is being used. The MRI image is enhanced, 

filtered and segmentation is done and it also produces great results in the images having non-uniform contrast 

distributions. Kharrat et al. proposed an algorithm for detection of brain tumor from MRI images [5]. In this 

paper, the morphological operations, wavelet decomposition and k-means algorithm for segmentation is 

implemented to extract tumor area. The results show that the algorithm is feasible and performs very well on 

MRI images. S. Roy et al. explored a technique to distinguish tumor in brain MRI [6]. In this paper, image 

enhancement, morphological operations and watershed segmentation are applied. Results demonstrate that 

Watershed Segmentation can effectively extract a tumor if the parameters are set properly before segmentation. 

Malakooti et al. proposed a tumor segmentation technique which combines both fuzzy logic and neural 

networks and extracts the boundary taking into account level set method [7]. The proposed technique gives 

better results as compared to other existing techniques. M. K. Behera et al. proposed a novel fast and robust 

fuzzy c-means clustering framework for image segmentation based on local spatial and gray information [8]. 

This method has low computational time, less complexity and the algorithm is effective and efficient. Cai et al. 

proposed a fuzzy clustering algorithm that utilizes dependable neighbor pixels for image segmentation [9]. The 

proposed algorithm uses the local statistical data to separate dependable neighbor pixels thereby improving the 

segmentation performance and the result of segmentation is adaptive to the original image. Gopinath et al. 

portrayed the proposed system for recognition and extraction of prostate cancer cells from the MRI image of the 

prostate organ [10]. In this paper, noise removal from MRI image by high pass and median filtering and then 

segmentation of MRI image is done by threshold segmentation, watershed segmentation and morphological 
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operations. The extracted regions of cancerous cell from the input MRI image are extracted efficiently. R. B. 

Dubey et al. proposed a semi-automated region growing segmentation algorithm for the brain tumor region 

segmentation from the MRI images [11]. This proposed segmentation method extracts tumor region efficiently 

if the parameters are set properly. The techniques discussed in the above literature review have been tabulated as 

given below: 

Table.1: Several techniques for brain tumor segmentation from MRI images 

 

 

 

 

 

 

 

 

 

 
 

III. Existing Mri Brain Image Segmentation Techniques 
The existing techniques for segmentation of brain tumor from MRI images can be broadly classified 

into four categories, viz. threshold based segmentation, edge based segmentation, region based segmentation 

and clustering based segmentation techniques. In threshold based segmentation techniques, the objects from the 

image are extracted on the basis of a particular threshold. In edge based segmentation techniques, the abrupt 

change in intensity values is taken into consideration for object extraction. In region based segmentation 

techniques, the image is divided into regions having different properties. In the case of clustering based 

segmentation techniques, an image is divided into a number of clusters based on the value of membership 

functions allotted to each pixel in the image. Fig. 1 represents the classification of these segmentation 

techniques. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.1: Classification of segmentation techniques on the basis of pixel intensity. 

 

3.1 Thresholding 

Thresholding is one of the frequently used methods for image segmentation [12]. This method is suitable for 

images with different intensities of pixels. Using this method, the image is partitioned directly into different 

regions based on these intensity values of the pixels. 

 

(A)  Global thresholding  

Global thresholding method chooses only one threshold value for the entire image. Global thresholding is used 

for bimodal images. It is simpler and faster in computational time only if the image has uniform intensity 

distribution and high contrast between foreground and background. 

 Otsu’s thresholding 

Otsu's thresholding method depends on a discriminant analysis which divides the image into two classes based 

on the intensity of gray levels in the image [13]. The main advantage of Otsu’s method is that it is simple and 

effective to implement. While Otsu’s method can segment only larger objects from background and fails, if the 

image has variable contrast distribution.  

 

 

S.No. Author Technique Used For Brain Tumor Segmentation  

1. Asra Aslam et al. Image dependent thresholding method combined with Sobel operator 

2. Roy et al. Automatic algorithm for segmentation of brain tumor from MRI images 

3. Kharrat et al. Wavelet based decomposition and k-means algorithm  

4. S. Roy et al. Tumor extraction from MRI image following morphological operators and watershed 

segmentation  

5. Malakooti et al. Segmentation combining both fuzzy logic and neural networks 

6. M. K. Behera et al. Robust fcm clustering framework 

7. Cai et al. Fuzzy clustering algorithm using dependable neighbor pixels 

8. Gopinath et al. Threshold segmentation and morphological operators with watershed segmentation  

9. R. B. Dubey et al. Semi-automated region growing segmentation method 

Segmentation 
Techniques 

Threshold
-based 

Edge-
based 

Region-
based 

Clustering-
based 
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  (a)                                          (b) 

Fig.2: Otsu’s thresholding method: (a) original input image; (b) Output of Otsu’s method. 

 

(B) Local thresholding 

Threshold values are chosen locally by dividing an image into sub-images and threshold value for each part is 

calculated. A local thresholding technique takes more computational time than the global thresholding. Its result 

is satisfactory in an image with background variations. It can extract only smaller regions. 

 Histogram thresholding 

Histogram thresholding segmentation is based upon the thresholding of histogram features and gray-level 

thresholding in an image. It gives better results but the computational time is more for histogram thresholding. 

 

 

 

 

                
         (a)                                            (b) 

Fig.3: Histogram thresholding method: (a) original input image; (b) Output of histogram thresholding. 

 

3.2 Edge Based Segmentation 

Edge based segmentation methods divide an image based on abrupt changes in the intensity of pixels 

near the edges [14]. The result is a binary image with edges of the objects being detected. Based on the theory, 

there are two basic edge based segmentation methods viz. gray histogram and gradient based methods. 

 

 (A)  Gray Histogram Technique 

The result of the technique of gray histogram mainly depends upon selection of threshold (T). The image is 

converted into grayscale image and after that gray-level thresholding is applied on the histogram of that image. 

 

(B) Gradient Based Method 

In the gradient based method, the difference between intensity values of neighboring pixels is taken 

into account [15]. So, when there is an abrupt change in the intensity in a region of an image and there is very 

less image noise then gradient based methods works well. These methods involve applying gradient operators 

on the image. The basic edge detection operators used in this method are Sobel operator, Canny operator, 

Laplace operator, Laplacian of Gaussian (LOG) operator etc., out of which Sobel and Canny operators produce 

better results Edge detection methods exhibit a balance between accuracy and noise immunity. If the level of 

detecting accurate edges is too high, then noise may produce fake edges and if the degree of noise immunity is 

too high, then some parts of the image containing important information  might go undetected. 

 

 

 

 

 

                

(a)                                        (b) 

Fig.4: Edge based method: (a) original input image; (b) Output of Sobel operator. 

 

3.3 Region Based Segmentation 

Region based methods divide an image into regions that are similar on the basis of a set of a particular criterion 

[16]. The existing region segmentation techniques mainly consist of the following methods: 

 

(A) Region growing 

Region growing method is one of the most frequently used segmentation methods. This method 

initiates with a seed pixel and grows the region by incorporating the neighboring pixels based on some threshold 
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value [17]. The region growing stops when all pixels belong to some particular regions. Region growing 

segmentation is particularly used for small and simple structures such as tumors, lesions etc. 

 

(B) Region splitting and merging 

The image is split into a number of different regions depending on some criterion and after the 

splitting, it is merged. The whole image is initially considered as a single region and then the internal similarity 

of the image is calculated using standard deviation. If the variation is very large, then the image is split into 

regions using some threshold value. This process is repeated until no more further splitting of the region is 

possible. Quad tree is a common data structure used for splitting.  

 

(C) Watershed segmentation 

Watershed segmentation algorithm can be used if the image has uniform contrast distribution and the 

intensity of the foreground and background is distinguishable. Watershed algorithm is also used to find the weak 

edges in the images. 

 

 

 

 

 

                

(a)                                     (b) 

Fig.5: Region-based segmentation: (a) original input image; (b) Output of region growing. 

 

3.4 Clustering 

Clustering is the technique which is most frequently used in the MRI Segmentation, where it divides 

pixels into classes, without having prior information or training [18]. It classifies the pixels having largest 

probability into the same class. In the clustering technique, the training is done by utilizing the pixel 

characteristics with properties of each class of classified pixels.  

 

(A) K-means 

K-means clustering algorithm is the simplest of the existing clustering algorithms that can do clustering 

of pixels into numerous regions based on pixel properties. This method is called hard clustering as the clusters 

must be distant enough from each other and every pixel is assigned the membership function in such a way that 

it belongs to one particular region only.  

 

(B) Fuzzy C-means (FCM) 

FCM clustering is an unsupervised method for the analysis of given input image [19]. The fcm 

clustering algorithm assigns membership functions to every pixel in an image corresponding to each cluster 

center based on the distance of the cluster center from that particular pixel. The pixels near to the cluster center 

have higher membership function towards the particular cluster center.  

 

(C) Hierarchical clustering 

Hierarchical clustering method works by grouping data objects in an image into a tree of clusters. 

Hierarchical clustering does not need to specify the number of clusters in advance. 

 

 

 

 

 

 

(a)                                              (b) 

Fig.6: Clustering-based segmentation: (a) original input image; (b) Output of fuzzy c-means clustering. 

 

IV. Summary And Conclusions 
In this paper, several existing brain tumor detection and segmentation techniques for brain MRI images 

have been discussed. The various existing segmentation techniques like thresholding-based, region-based, edge-

based and clustering-based segmentation techniques have been described for the extraction of brain tumor from 

MRI images. The intensity-based thresholding methods provide good results but fail for the images with large 

intensity differences. The region-based segmentation is good for high contrast images but for low contrast 
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images, it does not provide efficient results. Edge-based segmentation provides better results but fail for noisy 

images as it produces false edges for them. Clustering-based segmentation is very simple, fast and provides 

good results but for noisy images, it produces inaccurate results. 

 

V. Future Scope 
From the literature survey, it has been found that there is no universal system that can detect the tumor 

accurately regardless of its location, shape and intensity. Therefore, this topic further can further be explored, so 

that a better tumor detection system can be built which can help the doctors in evaluating MRI scans as the 

automated system will take lesser time than manual analysis and will provide more accurate results which will 

eventually be helpful in the treatment of patients suffering from brain tumor. 
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