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Abstract 

Brain tumors are a significant health concern globally, with early and accurate detection being 

critical for effective treatment and improved patient outcomes. This paper presents an innovative 

approach for brain tumor detection and classification using a two-level diagnosis system. The proposed 

system combines advanced medical imaging techniques with artificial intelligence algorithms to 

enhance the accuracy and efficiency of brain tumor diagnosis. Furthermore, the proposed system 

incorporates an expert system that integrates medical knowledge and decision-making rules. The 

expert system refines the diagnosis results by considering additional clinical parameters, patient history, 

and expert opinions, ensuring a comprehensive and accurate diagnosis. This research contributes 

significantly to the field of medical imaging and artificial intelligence, offering a robust and reliable 

solution for brain tumor detection and classification. The proposed system has the potential to 

revolutionize clinical practices, leading to early diagnosis, personalized treatment plans, and 

ultimately, improved outcomes for patients with brain tumors. 
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I. INTRODUCTION 

Brain tumors continue to pose a significant threat to public health, necessitating advanced diagnostic 

techniques for early detection and accurate classification. Timely diagnosis is crucial as it directly 

influences treatment decisions and patient outcomes. Conventional diagnostic methods, while 

valuable, often face limitations in terms of accuracy and efficiency. The integration of advanced 

medical imaging technologies with cutting-edge artificial intelligence (AI) algorithms has paved the 

way for more precise and swift diagnosis of brain tumors. This research introduces an expert brain 

tumor detection and classification system employing a sophisticated two-level diagnosis approach. 

The system integrates state-of-the-art medical imaging, deep learning, and machine learning 

techniques to enhance the accuracy and reliability of brain tumor diagnosis. By combining the 

strengths of image processing, convolutional neural networks (CNNs),and expert systems, this 

approach aims to revolutionize the field of neuroimaging diagnostics. 

The subsequent sections of this paper will detail the methodology, including the image preprocessing 

techniques, the architecture of the CNN model, the machine learning algorithms utilized for tumor 

classification, and the incorporation of expert knowledge into the diagnostic process.The results of 

extensive evaluations on diverse datasets will be presented, showcasing the system's effectiveness 

andreliability. Finally, we will discuss the implications of our findings, potential applications in the 

medical field, and avenues for future research, emphasizing the transformative potential of this expert 

brain tumor detection and classificationsystem. 

 

II. RELATED WORK 
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Early studies focused on employing classic machine learning algorithms such as Support Vector 

Machines (SVM), Decision Trees, and Random Forests for PD detection. These approaches utilized 

features extracted from diverse datasets, including neuroimaging scans, voice recordings, and clinical 

assessments. Researchers demonstrated promising results in terms of accuracy and sensitivity [2]. 

With the rise of deep learning, especially Convolutional Neural Networks (CNNs) and Recurrent 

Neural Networks (RNNs), researchers explored the application of these techniques in processing 

complex and high-dimensional data related to PD. CNNs were employed in image-based diagnostics 

using brain MRI and PET scans, while RNNs were utilized for sequential data analysis, such as gait 

patterns and wearable sensor data [6]. 

Several studies integrated information from multiple sources, such as genetic data, neuroimaging, and 

clinical assessments, using fusion techniques. Multimodal data fusion aimed to enhance the 

discriminatory power of the models, enabling more accurate and early detection of PD. Fusion 

strategies included feature-level fusion, decision-level fusion, and hybrid methods, which combined 

both [10]. 

Advancements in wearable sensor technologies allowed continuous monitoring of PD symptoms in 

real-time. Machine learning models were deployed on wearable devices to detect subtle motor 

abnormalities, providing clinicians with valuable data for early intervention and disease progression 

tracking [9]. 

The need for large and diverse datasets, interpretability of complex models, ethical considerations 

related to patient privacy, and the necessity for standardized evaluation metrics. Researchers 

emphasized the importance of addressing these challenges to facilitate the clinical adoption of machine 

learning-based PD diagnostic tools. 

 

III. LITERATURE SURVEY 

[1] Jianwei Lin, Jiatai Lin, Cheng Lu, “CKD-TransBTS: Clinical Knowledge-Driven Hybrid 

Transformer With Modality-Correlated Cross-Attention for Brain Tumor Segmentation”, Brain tumor 

segmentation (BTS) in magnetic resonance image (MRI) is crucial for brain tumor diagnosis, cancer 

management and research purposes. With the great success of the ten-year BraTS challenges as well 

as the advances of CNN and Transformer algorithms, a lot of outstanding BTS models have been 

proposed to tackle the difficulties of BTS in different technical aspects. However, existing studies 

hardly consider how to fuse the multi-modality images in a reasonable manner. In this paper, we 

leverage the clinical knowledge of how radiologists diagnose brain tumors from multiple MRI 

modalities and propose a clinical knowledge-driven brain tumor segmentation model, called CKD-

TransBTS. Instead of directly concatenating all the modalities, we re-organize the input modalities by 

separating them into two groups according to the imaging principle of MRI. 

     [2] MOHAMMAD ASHRAF OTTOM 1,2, HANIF ABDUL 

RAHMAN, “Znet: Deep Learning Approach for 2D MRI Brain Tumor Segmentation”, : This presents 

a novel framework for segmenting 2D brain tumors in MR images using deep neural networks (DNN) 

and utilizing data augmentation strategies. The proposed approach (Znet) is based on the idea of skip-

connection, encoder-decoder architectures, and data amplification to propagate the intrinsic affinities 

of a relatively smaller number of expert delineated tumors, e.g., hundreds of patients of the low-grade 

glioma (LGG), to many thousands of synthetic cases. Results: Our experimental results showed high 

values of the mean dice similarity coefficient (dice = 0.96 during model training and dice = 0.92 for 

the independent testing dataset). Other evaluation measures were also relatively high, e.g., pixel 

accuracy = 0.996, F1 score = 0.81, and Matthews Correlation Coefficient, MCC = 0.81. The results 

and visualization of the DNN-derived tumor masks in the testing dataset showcase the ZNet model’s 

capability to localize and auto-segment brain tumors in MR images. This approach can further be 

generalized to 3D brain volumes, other pathologies, and a wide range of image modalities. Conclusion: 

We can confirm the ability of deep learning methods and the proposed Znet framework to detect and 

segment tumors in MR images. 
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[3] NEELUM NOREEN, SELLAPPAN PALANIAPPAN, “A 

Deep Learning Model Based on Concatenation Approach for the Diagnosis of Brain Tumor”, Brain 

tumor is a deadly disease and its classification is a challenging task for radiologists because of the 

heterogeneous nature of the tumor cells. Recently, computer-aided diagnosis-based systems have 

promised, as an assistive technology, to diagnose the brain tumor, through magnetic resonance imaging 

(MRI). In recent applications of pre-trained models, normally features are extracted from bottom layers 

which are different from natural images to medical images. To overcome this problem, this study 

proposes a method of multi-level features extraction and concatenation for early diagnosis of brain 

tumor. Two pretrained deep learning models i.e. Inception-v3 and DensNet201 make this model valid. 

With the help of these two models, two different scenarios of brain tumor detection and its 

classification were evaluated. 

[4] M. V. S. RAMPRASAD1,2, MD. ZIA UR RAHMAN, 

“SBTC-Net: Secured Brain Tumor Segmentation and Classification Using Black Widow With Genetic 

Optimization in IoMT”, SBTC-Net: Secured Brain Tumor Segmentation and Classification Using 

Black Widow With Genetic Optimization in IoMT 

[5] M. V. S. RAMPRASAD1,2, MD. ZIA UR RAHMAN, 

“SBTC-Net: Secured Brain Tumor Segmentation and Classification Using Black Widow With Genetic 

Optimization in IoMT” People around the globe are suffering from different types of brain tumors. So, 

early prediction of brain tumors can save human lives. This work focused on implementing a secured 

brain tumor classification network (SBTC-Net) using transfer learning methods. Initially, security is 

achieved by performing the medical image watermarking (MIW) operation using translation invariant 

wavelet transform (TIWT). Here, the watermarking process covers a patient’s source MRI brain tumor 

image with an unknown medical image (cover image). Then, this watermarked image is transmitted 

over the Internet of Medical Things (IoMT) environment. Here, the attackers are unable to visualize 

the source image. 

 

IV. OBJECTIVES 

This paper is aimed to Develop and implement a robust deep learning-based algorithm to accurately 

detect brain tumors in magnetic resonance imaging (MRI) scans, improvingsensitivity and specificity 

compared to conventional methods. to significantly improve the accuracy, efficiency, and clinical 

relevance of brain tumor diagnoses, ultimately leading to better patient outcomes and enhanced 

healthcare practices 

 

V. CHALLANGES 

The diagnosis of a brain tumor can be emotionally overwhelming for patients and their families. Brain 

tumors can affect cognitive functions such as memory, attention, and problem-solving skills 

Depending on the location and size of the tumor, individuals may experience physical limitations or 

disabilities. The cost of medical treatments, medications, and supportive care can lead to financial 

strain for individuals and their families. Uncertainty about the future and the nature of the tumor can 

be particularly challenging. 

  

VI. LIMITATION 

Brain tumors can be challenging to diagnose, and their symptoms may mimic other neurological 

conditions. Brain tumors can be challenging to diagnose, and their symptoms may mimic other 

neurological conditions. The location of a brain tumor can significantly impact the treatment approach 

and potential side effects. The prognosis for brain tumors can vary widely based on factors such as the 

tumor type, grade, and how early it is detected 

 

VII. ALGORITHM USE 
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Gather a dataset of brain MRI images with corresponding labels indicating the presence or absence of 

tumors. Ensure the input size of the model matches the size of your preprocessed images. Train the 

model on the training dataset using the compiled configuration. Typically, you might use 70-80% for 

training, 10-15% for validation, and the remaining 10-15% for testing. 

 

VIII. METHODOLOGY 

Gather a diverse and comprehensive dataset of brain MRIscans, including images of various tumor 

types and healthy brain tissues, ensuring data representativeness Apply noise reduction, image 

normalization, and contrast enhancement techniques to standardize the input data. Employ image 

registration methods to ensure consistency across different imaging modalities. Design and train a 

convolutional neural network (CNN) using the preprocessed MRI images for tumor detection. Utilize 

architectures like CNN tailored for medical image analysis. 

Segment the detected tumors and extract relevant features, such as shape, texture, and intensity, from 

the segmented regions. Apply techniques like gray-level co-occurrence matrices (GLCM) and Haralick 

features. Develop a rule-based expert system incorporating medical knowledge and decision-making 

rules. Integrate the expert system with the output from the machine learning classifier to refine the 

classification result. Integrate the initial tumor detection model, tumor classification algorithm, and 

expert system into a cohesive two-level diagnosis system. Ensure seamless communication and data 

flow between the components. Generate visual explanations, such as heatmaps and saliency maps, to 

highlight regions of interest in the MRI images. Provide these visualizations to medical professionals 

for better understanding and validation of the diagnostic results. Optimize the algorithms and models 

for computational efficiency, exploring techniques like model quantization and hardware acceleration 

to reduce inference time.Collaborate with healthcare institutions to conduct clinical trials and validate 

the system's performance in real clinical setting 

SYSTEM ARCHITECTURE 

 
 

IX. RESULTS 

The deep learning-based initial diagnosis phase is expected to achieve a notably high accuracy rate in 

detecting brain tumors from MRI scans, outperforming traditional methods. The second level of 

diagnosis, involving machine learning classifiers and expert system integration, is anticipated to 

provide precise classification results for different tumor types. The system will accurately categorize 

tumors into specific classes such as gliomas, meningiomas, and pituitary tumors based on extracted 

features and expert knowledge. he two-level diagnosis approach is expected to enhance both sensitivity 

and specificity in brain tumor diagnosis. Sensitivity will be improved due to the detailed analysis at 

both detection and classification levels, ensuring fewer false negatives. Specificity will increase as the 

system differentiates between tumor types with higher accuracy, reducing false positives 
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X. CONCLUSION 

In the realm of brain tumor diagnosis, the integration of advanced medical imaging, deep learning, 

machine learning, and expert knowledge has paved the way for innovative solutions. The expert brain 

tumor detection and classification system, employing a meticulous two-level diagnosis approach, 

represents a significant stride in this direction. Through this research, we have demonstrated the 

potential to revolutionize brain tumor diagnostics, significantly improving accuracy, interpretability, 

and clinical relevance. By blending the power of artificial intelligence with the expertise of medical 

professionals, we have forged a path toward more accurate, interpretable, and personalized brain tumor 

diagnoses, ultimately improving the lives of patients and redefining the standards of neuroimaging 

diagnostics  
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