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Abstract 

A tumor is a swelling that occurs due to the abnormal growth and division of cells. Brain tumors 

represent a real challenge to humanity because they threaten a person’s life if they are not treated in 

a timely and appropriate manner. Several methods of diagnosis and treatment, such as surgical 

intervention, may involve side medical problems. MRI is used for detection and diagnosis. Accurate 

diagnosis requires expertise from experts, which may not always be available. Diagnosis is done 

using software methods to help detect and locate tumors. In this research, a method for detecting 

brain tumors using relatively simple software methods is presented, where the presence of the 

disease is detected and its location is accurately determined. The proposed method is based on 

receiving the image, enhancing it, and extracting the features after segmentation to determine the 

final summary. The quality of the system is evaluated by calculating key parameters and comparing 

them with previous works. 

Keywords: Brain Cancer Detection, Feature Extraction, Soft Computing. 

1 Introduction 

Brain tumors represent one of the most serious medical challenges facing humanity due to their 

complexity, diversity, and danger to human life. Detecting brain tumors is important in various medical 

applications, such as early diagnosis and detection of subtle changes in brain tissue, surgical planning, 

which helps doctors operate accurately, and treatment monitoring, as image processing allows doctors 

to monitor the tumor's progress or regression during treatment. Medical imaging plays a role in detecting 

brain tumors despite these cases' complexity and relevance to patients' lives. Detection methods provide 

high efficiency in detecting the condition and monitoring the development, and this field has witnessed 

a significant improvement in the accuracy and reliability of detecting brain tumors. Several imaging 

modalities, such as magnetic resonance imaging (MRI), computed tomography (CT), and positron 
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emission tomography (PET), can detect brain tumors. These methods effectively image soft tissues and 

detect abnormalities in the brain. MRI faces technical challenges (such as noise and patient motion) and 

diagnostic challenges (disease similarity), in addition to high cost and difficulty in integrating artificial 

intelligence. Clinical application requires improving instrument accuracy, integrating multimodal 

imaging, and developing interpretable artificial intelligence models to ensure diagnostic reliability and 

practical feasibility (Abdusalomov et al., 2023). There are different methods to help detect tumors. They 

are easy to use, such as: Gaussian and median filters for Noise removal, Thresholding and edge detection 

(Sobel operator) for Segmentation, Morphological operations (erosion, dilation), and texture analysis 

for Feature extraction, rule-based decision-making for tumor severity (benign/malignant) for 

Classification. Image processing is a technique that treats images as a data set that can be modified and 

improved. The image is entered into special algorithms, and the improvement, feature extraction, and 

decision-making processes are carried out. MRI faces significant challenges in detecting brain diseases, 

including limited resolution and noise, and difficulty distinguishing early pathological changes from 

normal anatomical variation. The similarity of manifestations across different diseases and the 

complexity of image analysis call for the use of advanced technologies such as artificial intelligence and 

multimodality imaging. Furthermore, high cost and long scan times remain practical barriers. 

Overcoming these challenges requires the development of high-resolution MRI devices, improved 

artificial intelligence algorithms, and the integration of complementary technologies to enhance 

diagnostic accuracy (Bahya & Hussein, 2023; Al-taie & Hussein, 2025). Intelligent programming 

methods work efficiently to find solutions to unavailable problems. Soft computing represents many 

classical or intelligent algorithms, such as neural, genetic, and fuzzy, which provide intelligent solutions 

in applications such as wireless communications, estimation systems, and disease diagnosis (Hussein, 

2021; Ali & Hreshee, 2023). The Internet and cloud computing promise a bright future for medical and 

technical applications (Ameer et al., 2022; Abdulmahdi et al., 2023; Rahaim et al., 2024). Many 

researchers have presented ideas in image processing and tumor diagnosis, some of which are presented 

as follows: Zaw et al. (2019) used the Naïve Bayes classifier and other methods for diagnosing brain 

tumors and determining their severity using methods. Raut et al., in (2020), used the K-Means Back 

propagation algorithm for brain tumor diagnosis. Venkatachalam et al. (2021) used the Content-Based 

Medical Image retrieval method to extract the image from extensive data; the Gabor filtering technique 

was used for feature extraction. Walsh-Hadamard transform is used for image recovery. Fuzzy C-Means 

clustering, Minkowski distance metric used for evaluating the similarity between selected images and 

databases. Veeramuthu et al. (2022) present a combined feature and image-based classifier method, 

which uses various deep neural networks and deep convolutional neural networks. Saeedi et al. (2023) 

used a 2D Convolutional Neural Network, a convolutional auto-encoder network, and K-nearest 

neighbors for brain tumor detection. Our proposed method combines efficient and straightforward 

software techniques to achieve high accuracy without relying on complex deep learning models. This 

approach reduces computational costs while maintaining competitive performance. We have added a 

dedicated subsection in the Introduction and Proposed Method sections to highlight this feature and its 

advantages over existing techniques clearly. 

2 Brain Tumor 

Cancer detection methods are among the most complex tasks, based on many reports, and the important 

one was (AANS), the American surgeons' report in 2019, which makes it difficult to detect the disease 

in cases of the absence of apparent symptoms. Thus, detecting the disease using CT scans appears to be 

an efficient method for detecting cancer instead of performing time-consuming and dangerous surgeries. 

Magnetic resonance imaging is suitable because it can show the tumor's characteristics without the need 
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for therapeutic intervention. However, it requires a high level of expertise in the field (Green et al., 

2015). 

A tumor, as a term, refers to a mass that grows abnormally and uncontrolled and poses a threat to 

human life, whether it is benign, which does not represent cancer, or malignant, which represents cancer. 

Cancer is the cause of death for one-sixth of humans. Early detection helps in recovery if treatment is 

done correctly. Research has shown that the incidence rate increases with population density due to 

environmental pollution and high radiation levels. Also, the development of diagnosis in some places is 

a reason for the high incidence rate. Therefore, research in tumors and cancers is a promising field that 

needs more research and development (Salah & Hussein, 2023). 

The brain is the center of the human central nervous system, consisting of 50-100 billion nerve cells 

with a complex tissue structure. The tumor growth stage begins when uncontrolled and random growth 

occurs in the tissue mass. The tumor's growth disrupts the cells' functions and prevents them from 

communicating with and influencing other tissues (Hussein et al., 2024). The basic steps in detecting 

tumors are obtaining images, where brain images are taken using MRI or CT. Providing high-resolution 

images is required for accurate detection and diagnosis. Image processing and noise reduction using 

Gaussian filters; median filters, and wave transforms to improve image quality. Adjusting image density 

through normalization. Contrast enhancement is based on improving the visibility of areas of interest. 

Image segmentation: The image is divided into distinct regions to isolate the tumor using Thresholding, 

edge detection, and segmentation techniques. Then the feature extraction phase begins, including tumor 

size, shape, and location. The final phase is to classify the disease in terms of its severity. There are 

several challenges in the detection of brain tumors, as tumors vary significantly in size and shape and, 

therefore, cannot be easily standardized. The overlap in intensity between healthy and damaged tissues 

and the effect of machine noise affect detection accuracy (Mir et al., 2024; Khudhair et al., 2023). Image 

processing techniques perform the tasks of tumor detection through pre-processing, including reducing 

the brightness and displaying the image in a way suitable for interpretation. Segmentation is used to 

identify tumor regions. Feature extraction is based on determining the size and shape of the tumor. 

Classification is used to determine the nature of the tumor, whether malignant or benign (Hussein et al., 

2016). 

Image Noise  

Noise in an image is the change in brightness and image data that occurs arbitrarily and uncontrolled by 

external influences. When taking an image, unwanted artifacts appear in the image, known as noise. 

Different types of noise exist, such as Gaussian poi, son noise, and speckle noise.   The quality of the 

medical image is essential in diagnosis; therefore, removing noise from images is an important and 

somewhat complex issue. The moving average filter is a simple digital linear filter that is easy to use 

and understand. It works by smoothing the image by determining the intensity contrast between 

neighboring pixels, where the pixel is replaced by a pixel with an average value. Edge detection is a key 

part of many applications, and the goal is to calculate the edges and identify the important edges in an 

image. Edges are detected by the difference in color intensity between two different regions. Edge 

detection is a vital process to recognize the differences in different regions in an image (Abdulah et al., 

2023; Chai et al., 2017).  

Edge Detection 

Edge detection is a key part of many applications, and the goal is to calculate the edges and identify the 

important edges in an image. Edges are detected by the difference in color intensity between two 

different regions. Edge detection is a vital process for recognizing the differences in different regions of 
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an image. There are different methods for detecting edges, such as the Sobel method and partial 

derivatives. It uses masks numerically to find the first-order derivatives. The Roberts operator is a quick 

and easy way to calculate the gradient of an image. The gradient value of the input image can be indicated 

at each point by using the absolute magnitude value of the image. The weakness of this method is that 

it detects sharp edges and is less sensitive to weak edges. Prewitt's method is similar to Sobel's but differs 

in that the mask values are only zeros and ones, with negative and positive values. The canny operator 

is one of the best edge detection methods based on changes in image intensity and identifying object 

boundaries within the image. Canny Edge provides perfect edge detection using Gaussian filters based 

on the noise filtering process. It implements the Canny algorithm for accurate calculation based on 

variable elements like standard deviation applied to the Gaussian filter, which helps to adapt to the 

conditions instead of other methods based on permanent kernels that cannot be changed (Abdulsahib et 

al., 2021). 

Image Segmentation 

To facilitate the study and analysis of the image, it is necessary to segment according to controls such 

as texture, gray level, color, and intensity. The image is separated to extract the image of interest by 

separating the regions in the entire image. Segmentation requires high accuracy to isolate and detect the 

important regions from other regions and avoid mixing between the isolation regions. Threshold-based 

segmentation is the simplest method, where the threshold is determined based on the histogram of each 

image, either manually or automatically, using a threshold algorithm. It is an important method for 

segmenting images based on light areas representing the areas of interest and dark areas representing the 

background. The clustering method is based on dividing into groups called clusters. It is a method that 

works on the principle of clustering based on organizing things according to the characteristics of pixels. 

The process of segmentation based on regional growth involves identifying locations based on pixel 

density, where pixels are scanned and added to the corresponding area. Supervision is required to 

complete this work and cannot be used alone, as it is insufficient. Segmentation-based watersheds 

method is an effective and simple method based on the similarity of the depth gradient of each point to 

its gray level (Kadhim et al., 2023; Sandić-Stanković et al., 2022). 

Morphological Operator 

A morphological operator is a way to represent the shape of a segment in image processing, consisting 

of erosion, dilation, opening, and closing operations. It is also used in pre- and post-processing to reduce 

noise and preserve shape. The erosion operator is used in image processing to erode the object's 

boundaries and reduce the gaps between pixels. The dilation operator extends the stretch factor over the 

foreground area, increasing the size and the gaps between pixels. Open and close operators are a method 

of tracking erosion and dilation processes. Open actuator is a technique that removes noise by removing 

unwanted pixels and opening the gap between pixels. The close operator closes the gap between pixels 

(Patil et al., 2024). 

Feature Extraction 

Feature extraction is based on reducing the dimensions of images for ease of discussion. The features 

are adopted to reduce the data through characteristics. The feature represents the important and enjoyable 

part of the image. It is adopted to reduce the input data by identifying the relevant features. It helps to 

provide a better description for use in the classifier (Hussein et al., 2024). The binary object features 

extraction method is helpful in binary images. Its work is based on the images' shape and the density of 

pixels. Texture feature is one of the important methods for extracting features in images. It works with 
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grayscale images and works based on pixel intensity. It works based on statistical methods such as 

Fourier power spectra. Texture feature is one of the important methods for extracting features in images. 

It works with grayscale images and works based on pixel intensity. It works based on statistical methods 

such as Fourier power spectra. The Fourier transform and wavelet transform methods focus on the 

frequency details. The Fourier transform is sensitive to symmetry and repetition. In contrast, the wavelet 

transforms method works by repeatedly dividing the image into approximations and details, which is 

suitable for studying a large set of different data (Nithyashri et al., 2025). 

Proposed Brain Tumor Detection  

In order to detect brain tumors, several steps must be implemented. The brain image is entered into the 

system regardless of its source, whether from a hospital or the databases available on the Internet (in this 

work, 256 images taken from Al-Najaf Teaching Hospital in Iraq were used). The image is improved by 

removing noise through a filter. Completing the segmentation process and determining the threshold for 

analysis, performing erosion, expansion, opening, and closing operations to improve the image and 

remove unwanted pixels, applying morphological factor methods, and extracting features related to the 

tumor area The last step is to determine whether the tumor is present and its degree of severity (benign 

or malignant). That is shown in figure 1. The accuracy, sensitivity, and specificity are calculated to 

calculate the system's efficiency and compare with other works shown in the (1-3) equations. 

Accuracy =
True positive+True negative 

True positive+True negative+False positive  +False negative
        (1) 

Sensitivity =
True positive 

True positive+False negative
                                                 (2) 

Specificity =
True negative 

True negative+False positive  
                                                 (3) 

Where: True positive refers to correctly identified. True negative refers to a correctly rejected. A 

false positive refers to an incorrect identification. False negative refers to an incorrect rejection. 

 

Figure 1: Brain tumor detection block diagram 

3 Simulation Result and Discussion  

In this part, the proposed method for detecting brain tumors is implemented using the MATLAB 2021 

program. Figure 2 presents the stages of detecting a tumor in an image that contains a malignant brain 

tumor, shown in images figure 2 (a) to figure 2 (d). Each image was taken and entered into the system 

as in figure 2 (a). The noise was removed from the image as in figure 2 (b). Segmentation was done as 

in figure 2 (c). The final image was created and output as in figure 2 (d), which represents the presence 

Final Decision 

Feature Extraction 

Noise Removing 

  

Input Image 

Segmentation Process 

(Erosion, Expansion, Opening, and Closing) 

Morphological Operator 
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of the tumor and accurately determines its location. Figure 3 (a,b,c,d) presents the stages of processing 

a brain image that does not contain a tumor. Table 1 represents sample information from images used in 

diagnosis. Table 2 represents the performance comparison between the proposed system and previous 

works in the literature review. The proposed system represents a relatively simple method for detecting 

brain tumors, giving good results compared to other works. 

 
a                                               b 

 
c     d 

Figure 2: Stages of detection of an image containing a tumor. a: original input image with noise. b: 

Image after noise removal. c: Image after segmentation. d: Final image after the morphological 

operator. 

 
a                             b                                 c                              d 

Figure 3: Stages of detection image containing no tumor. a: original input image with noise. b: image 

after noise removal. c: image after segmentation. d: Final image after the morphological operator. 
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Table 1: Image parameters 

Area: 32789 

Centroid: [112.8935 112.8500] 

Bounding area: [1.5000 1.5000 223 223] 

Max picture Length 300.4753 

The area of a convex unit  49729 

No of circuitry units  0.5445 

image per unit  [223×223 logically per unit ] 

Field using  [223×223 logically per unit ] 

The diameter area  315.3696 

Angle feret  135 

Coordinates the maximum value of Feret [2×2 double] 

Diameter with the minimum value of Feret 223 

Angle with minimum value  -90 

Coordinate value in the minimum case [2×2 double] 

Table 2:  Comparison with other works 

No. of references Accuracy Sensitivity Specificity 

Green et al., (2015) 99.96% 97.13% 100% 

Salah & Hussein, (2023) 99.26% 95.23% 99.43% 

Hussein et al., (2024) 94% 81.25% 100% 

Mir et al., (2024) 98.97% 98.86% 97.41% 

Proposed   98% 99% 97% 

4 Conclusion  

This paper presents a method for detecting brain tumors using simple but effective software techniques. 

The proposed system involves image processing through optimization, segmentation, and feature 

extraction to accurately detect the presence of tumors and determine their location. The method does not 

require prior training or databases for decision-making. The proposed method is scalable using advanced 

intelligent algorithms to benefit the largest possible area. 
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