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Abstract  

Brain tumor detection is a critical task in the field of medical imaging, as early diagnosis can 

significantly improve patient survival rates. Magnetic Resonance Imaging (MRI) is widely used 

for identifying brain abnormalities due to its highresolution imaging capability. However, 

manual analysis of MRI scans is timeconsuming and may lead to human errors. This project 

presents an automated approach for brain tumor detection using image processing techniques. 

The proposed system involves preprocessing of MRI images to remove noise and enhance 

quality, followed by segmentation methods such as thresholding and clustering to isolate the 

tumor region. Morphological operations are applied to refine the detected area, and feature 

extraction techniques are used to analyze the size and shape of the tumor. The system is 

implemented using MATLAB, providing efficient processing and visualization tools. The results 

demonstrate accurate detection and clear identification of tumor boundaries. This method offers 

a reliable, cost-effective, and non-invasive solution to assist medical professionals in diagnosing 

brain tumors. 

Keyword- Magnetic Resonance Imaging (MRI),MATLAB GUI,Tumor detection, Morphological 

operations 

Introduction 

Brain tumors are abnormal growths of cells in the brain that can disrupt normal brain functions 

and may become life-threatening if not diagnosed at an early stage. Accurate detection and 

localization of brain tumors are essential for effective treatment planning and improving patient 

survival rates. Magnetic Resonance Imaging (MRI) is one of the most commonly used imaging 

techniques for detecting brain tumors due to its ability to provide detailed images of brain 

tissues. However, manual examination of MRI images by radiologists is time-consuming, 

subjective, and may lead to errors, especially when dealing with large volumes of data. To 

overcome these limitations, image processing techniques have been widely used to automate the 

detection of brain tumors. These techniques include preprocessing methods to enhance image 

quality, segmentation algorithms to isolate tumor regions, and feature extraction methods to 

analyze characteristics such as size, shape, and texture. 

 

Motivation  

Brain tumors are one of the most serious health conditions, and early detection plays a crucial 

role in saving lives. However, traditional diagnosis methods rely heavily on manual analysis of 

MRI scans by radiologists, which can be time-consuming, expensive, and sometimes prone to 



Journal of Science Engineering Technology and Management Science                         ISSN: 3049-0952 

Volume03,Issue07,July2026                                                                                                www.jsetms.com 

544 | Page 

                          

 

human error. With the rapid growth of medical imaging data, there is a strong need for 

automated systems that can assist doctors in detecting tumors quickly and accurately. Image 

processing provides powerful tools to analyze MRI images efficiently and highlight abnormal 

regions that may not be easily visible. The motivation behind this project is to develop a reliable 

and efficient brain tumor detection system using image processing techniques. This system aims 

to reduce human effort, improve diagnostic accuracy, and provide a cost-effective solution that 

can support medical professionals in early detection and treatment planning  

Objective  

The main objective of this project is to study the fundamentals of medical image processing and 

understand the characteristics of MRI brain images for effective tumor detection. The project 

aims to apply various image preprocessing techniques such as filtering and enhancement to 

improve image quality. It focuses on implementing segmentation techniques like thresholding 

and clustering to accurately identify tumor regions. Additionally, morphological operations are 

used to refine the detected tumor boundaries, and important features such as area, shape, and 

location of the tumor are extracted. The overall goal is to develop an efficient and automated 

brain tumor detection system using MATLAB, which helps in improving accuracy and reducing 

human effort in diagnosing brain tumors. 

Literature Survey  

Over the years, many researchers have proposed different techniques for brain tumor detection 

using MRI images. These techniques mainly focus on improving segmentation accuracy, 

reducing noise, and automating the detection process. One of the earliest and simplest methods 

is thresholding, where pixel intensity values are used to separate tumor regions from normal 

brain tissues. Although it is easy to implement and computationally efficient, it fails in cases 

where the contrast between tumor and surrounding tissue is low. To overcome this limitation, 

clustering techniques such as K-means and Fuzzy C-means (FCM) have been widely used. K-

means clustering divides the image into different clusters based on pixel similarity, while FCM 

allows a pixel to belong to multiple clusters, resulting in more accurate segmentation. However, 

these methods are sensitive to noise and require proper parameter selection. Another important 

approach is edge-based segmentation, which detects tumor boundaries using edge detection 

algorithms like Sobel, Canny, and Prewitt. These methods are useful for identifying sharp 

changes in intensity but may fail when edges are not clearly defined. Watershed segmentation is 

a region-based method that treats the image as a topographic surface. It is effective in detecting 

boundaries but often suffers from over-segmentation, which requires additional processing to 

refine the results. Researchers have also applied morphological operations such as dilation, 

erosion, opening, and closing to improve segmentation results. These operations help in 

removing noise, filling gaps, and refining tumor boundaries 

In recent years, machine learning techniques such as Support Vector Machines (SVM), Artificial 

Neural Networks (ANN), and Random Forest have been used for tumor classification. These 

methods rely on feature extraction, including texture, shape, and intensity features, to distinguish 

between normal and abnormal tissues. More advanced approaches involve deep learning, 

especially Convolutional Neural Networks (CNNs), which automatically learn features from 

MRI images without manual feature extraction. CNN-based models have shown high accuracy 

in tumor detection and classification but require large datasets and high computational resources. 
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Hybrid approaches combining image processing and machine learning have also been developed 

to achieve better performance. These methods use preprocessing and segmentation techniques 

followed by classification algorithms for improved accuracy. MATLAB is commonly used for 

implementing these techniques due to its powerful image processing toolbox, visualization 

capabilities, and ease of prototyping. 

Existing Methods  

The existing methods for brain tumor detection are primarily based on manual examination of 

MRI images by radiologists. In this approach, doctors visually inspect MRI scans to identify 

abnormal regions in the brain. Limitations of Existing Methods: 1.Time-consuming process 

2.Depends on expert knowledge 3.Prone to human errors 4.Difficult to detect small or complex 

tumors 5.Not suitable for large datasets Some traditional automated methods use simple 

techniques like thresholding, but they often fail in complex cases where tumor boundaries are 

unclear. 

Proposed Method  

The proposed system introduces an automated brain tumor detection method using image 

processing in MATLAB. This method improves accuracy and reduces human effort. 

Methodology The proposed system follows these steps: 

 1.Image Acquisition (MRI image collection)  

2. Preprocessing (noise removal, enhancement)  

3.Grayscale Conversion  

4. Segmentation (thresholding / clustering)  

5. Morphological Operations (refinement)  

6. Feature Extraction (area, shape, location)  

7. Tumor Detection and Highlighting This step-by-step process ensures accurate detection of 

tumor regions. 

The proposed system presents an automated brain tumor detection technique using MATLAB-

based image processing to accurately identify tumor regions from MRI images. Initially, MRI 

images are acquired and preprocessed to remove noise and enhance image quality for better 

analysis. The processed images are then converted to grayscale and segmented using suitable 

thresholding or clustering techniques to isolate the suspected tumor region. Morphological 

operations are applied to refine the segmented image, followed by feature extraction to 

determine important characteristics such as the tumor's area, shape, and location. Finally, the 

detected tumor region is highlighted, providing an accurate and efficient diagnosis while 

reducing manual effort and improving the reliability of brain tumor detection. 
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Block Diagram 

 

Fig 1:Block Diagram 

Block Diagram Description  

Step by Step Explanation 

 Step 1: Loading MRI Image 

 The user clicks on the “Load MRI Image” button in the MATLAB GUI. The selected brain 

MRI image is displayed on the left side as the original input image.  

Step 2: Display of Original Image  

The original MRI image is shown without any processing. At this stage, the tumor is not clearly 

visible due to noise and low contrast.  

Step 3: Click on “Detect Tumor”  

The user clicks the “Detect Tumor” button. This initiates the complete image processing 

pipeline in the background.  

Step 4: Image Preprocessing  

The system converts the image into grayscale and removes noise using filtering techniques to 

improve image quality.  
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Step 5: Image Enhancement 

 Contrast enhancement is applied to make important brain structures and the tumor region more 

visible.  

Step 6: Segmentation  

The image is segmented using thresholding or clustering to separate the tumor region from 

normal brain tissues. 

Step 7: Morphological Operations 

 Operations like dilation and erosion are applied to refine the tumor region and remove 

unwanted noise.  

Step 8: Tumor Detection  

The abnormal region is identified as a tumor based on intensity differences and structure.  

Step 9: Tumor Localization  

The detected tumor is highlighted on the image (shown on the right side) with a clear boundary 

or colored marking.  

 

Step 10: Display of Processed Image  

The final output image is displayed in the GUI showing the tumor clearly marked.  

Step 11: Tumor Information Display  

The system shows additional details such as:  

Tumor type (e.g., malignant)  

Tumor location (e.g., central brain region). 

Step 12: Result Storage  

The final processed image and tumor details are saved for future reference and analysis. 

Results and Discussions 

 This chapter presents the results obtained from the implementation of the brain tumor detection 

system using image processing techniques in MATLAB. The performance of the proposed 

method is evaluated using different MRI brain images to verify its accuracy and effectiveness. 

The chapter focuses on analyzing each stage of the processing, including preprocessing, 

enhancement, segmentation, and tumor detection. The results are displayed in the form of 

images, showing the transformation from input MRI image to the final detected tumor region. A 

detailed discussion is provided to explain how the system successfully identifies and highlights 

tumor areas. The effectiveness of the proposed method is validated by comparing the processed 
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output with the original images. This chapter demonstrates that the system is capable of 

detecting tumors accurately and efficiently, thereby supporting medical diagnosis.  

Results  

The proposed brain tumor detection system was tested using different MRI brain images to 

evaluate its performance and accuracy. The system processes the input images through various 

stages such as preprocessing, enhancement, segmentation, and tumor detection, and produces 

clear and reliable results. Initially, the input MRI image is displayed in the MATLAB GUI. 

After preprocessing, the image becomes clearer with reduced noise. The enhancement stage 

improves the contrast of the image, making important brain structures and abnormal regions 

more visible. During the segmentation process, the tumor region is successfully separated from 

the normal brain tissues using thresholding or clustering techniques. The segmented image 

clearly highlights the suspected tumor area. Further, morphological operations refine the 

detected region by removing small unwanted pixels and improving the shape of the tumor. This 

results in a more accurate boundary of the tumor. Finally, the tumor detection and localization 

stage highlights the tumor region on the original MRI image. The output image clearly shows 

the detected tumor with proper marking, making it easy for analysis. 

Output 

  

Fig 2:Output1    Fig 3:Output 2 
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Fig 4:Output 3 

Output Description:  

The interface allows the user to load an MRI brain image and process it to identify abnormal 

regions. The original image is displayed on one side, while the processed image appears on the 

other after applying image processing techniques such as filtering, segmentation, and 

thresholding. A “Detect Tumor” button triggers the algorithm, which highlights the tumor region 

clearly in the processed image. The system successfully identifies the tumor area and provides 

additional information such as tumor type and location (e.g., Medulloblastoma in the central 

brain). This application is useful for assisting medical analysis by automating the detection 

process, reducing manual effort, and improving accuracy. However, warnings related to invalid 

file filters suggest minor issues in file selection settings, which can be corrected for smoother 

performance. Overall, it is an effective example of applying digital image processing in 

healthcare. 

Comparison of original MRI image and Processed output image: 

 

 
Table 1: comparison between original MRI image and processed output image 
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Conclusion  

A brain tumor detection system based on image processing techniques has been successfully 

designed and implemented using MATLAB. The system processes MRI brain images through 

multiple stages including image acquisition, preprocessing, enhancement, segmentation, 

morphological operations, feature extraction, and tumor detection. The preprocessing stage 

effectively removes noise and improves image quality, while enhancement techniques increase 

contrast and make the tumor region more distinguishable. Segmentation plays a crucial role in 

separating the tumor region from normal brain tissues, and morphological operations further 

refine the detected region by eliminating unwanted noise and improving boundary accuracy. The 

results obtained from the system show that the tumor region is clearly detected and accurately 

localized. The comparison between the original and processed images demonstrates significant 

improvement in clarity, contrast, and tumor visibility. The system provides consistent and 

reliable results for different MRI images. This project reduces the dependency on manual 

analysis by radiologists, minimizes human error, and speeds up the diagnosis process. It offers a 

cost-effective, non-invasive, and efficient solution for assisting medical professionals in 

detecting brain tumors at an early stage. However, the system has some limitations, such as 

dependency on image quality and difficulty in handling very complex or low-contrast images.  

 Future Scope  

Although the current system provides satisfactory results, there are several improvements that 

can be made in the future to enhance its performance and applicability: Integration of Deep 

Learning techniques such as Convolutional Neural Networks (CNNs) to improve detection 

accuracy Automatic classification of tumor types (benign, malignant, stages of tumor) Use of 

large real-time medical datasets to improve system reliability Development of 3D tumor 

visualization for better medical analysis and surgical planning Implementation as a web or 

mobile-based application for easy access by doctors Integration with cloud computing for 

remote diagnosis and data storage Optimization of algorithms to improve processing speed and 

efficiency Development of a fully automated system with minimal human intervention 

Integration with hospital systems for real-time clinical use. 
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