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ABSTRACT: Brain disease classification entails reading of MRI scan and critical structural changes that are identified
to help in timely diagnosis of neurological disorders. It is concerned with measuring the differences in tissue formation,
intensity patterns and regional abnormalities to signify tumors or degenerative diseases or age related deterioration.
This article offers automated disease prediction based on a learning-based model that takes MRI as inputs and gives
results that are accurate in terms of classification. The system analyses the properties of the images and compares them
to known neurological pattern with the help of a scoring-based decision mechanism. The results contain the diagnosed
disease with the confidence degrees and visual representation, which means that medical staff can review the results
without spending much time. The classification is performed in two phases: structural features are extracted by using a
deep-learning model, and the most suitable disease type is identified by the probability-based approach. Its purpose is
to facilitate the early diagnosis, minimize diagnostic mistakes and provide a stable help in neuro-imaging assessment by
delivering a good organized and practical analysis to the users.

KEYWORDS: Brain disease analysis, MRI classification, Deep learning, Neural scoring method, Neuro-imaging.

L. INTRODUCTION

The neurological conditions are still largely diagnosed by manual examination of MRI images, a factor that is
affected by the expertise of the observer, the clarity of the images, and other minor visual variations that can be easily
missed. This causes differences in diagnosis accuracy and time lapses to diagnose problems at earlier stage.
Conventional approaches frequently have problems with abnormalities that are too weak or when parts of images need
more profound structural analysis. With the current medical setting, the neurologists will require more concrete support
systems that can assist in establishing consistent and data-informed insights on early intervention.The proposed project
is an intelligent MRI-analysis system through which abnormalities will be detected with the help of deep-learning
techniques. The system reads the images of the MRI, it processes structural cues and identifies disease patterns in a
more reliable manner. Convolutional layers that can extract image features that can be used to identify fine-grained
texture variations and structural irregularities are used. Python, Flask,TensorFlow and NumPy are some of the tools
used to create a stable platform on which classification can be done, and automated processing minimizes human error
in the interpretation process. This provides a more reliable system to assess MRI findings and can be used by hospitals,
screening centers and research facilities with the need to find the efficient tool to aid in diagnostic processes..

II. LITERATURE SURVEY

A significant amount of research has been carried out in the areas of brain image analysis, automated disease
detection, and deep learning-based medical diagnosis. Earlier studies focused primarily on classical image processing
and statistical feature extraction. Pereira et al. [1] explored tumour segmentation in MRI images using convolutional
neural networks and demonstrated that deep models can accurately identify irregular boundaries and tumour extensions.
Aggarwal et al. [2] applied visual attention-based classification techniques, showing that eye-tracking and pattern
recognition approaches can complement medical imaging tasks by identifying subtle differences across
categories.Several researchers have emphasized the importance of deep learning for robust brain disease detection.
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Afshar et al. [3] introduced a Capsule Network model that improved tumour classification by capturing hierarchical spatial
relationships within MRI scans. Their work highlighted that models capable of preserving spatial orientation outperform
traditional CNNs in distinguishing fine-grained tumour characteristics. Basaia et al. [4] examined Alzheimer’s disease
prediction using multimodal MRI data and demonstrated that combining structural features with deep neural networks
significantly improves early-stage detection.Recent work also explores hybrid models integrating preprocessing
enhancements with deep learning. Ismael and Sengiir [5] evaluated numerous CNN architectures to classify brain tumours
and concluded that feature refinement through data augmentation and noise handling greatly increases classification stability.

III. PROPOSED METHODOLOGY

The Brain Health Prediction and Disease Classification System follows a clear and step-by-step process to analyze MRI
images and identify possible neurological diseases. The workflow starts with the collection of MRI scans that undergoes
preprocessing to clean and prepare the scans. This step eliminates noise, irregularities in brightness and contrast, and
harmonizes the size of the images to ensure that all the inputs in the system are standardized and that the model can analyze
them better with the VGG19 deep learning model.After the preprocessing step is done, the system applies the VGG19 deep
learning model that extracts important features in the images. These characteristics are patterns which include tissue texture,
structural variations and abnormal region shapes. VGG19 is selected because it has been shown to be effective in the learning
of intricate visual information, particularly in medical imaging. The extracted attributes are then fed to a classifier that will
predict whether the MRI is a healthy brain or a particular category of disease.Once that is done the system compares the
results of the prediction with the actual labels on the dataset to evaluate performance. The measures such as accuracy,
precision, recall and Fl-score are used to assess the reliability of the model to predict diseases. The resultant output is the
disease identified, and a confidence level, which helps clinicians to glance through the output within a very short time.To
secure medical information, the system has secure log in and encrypted deployment of the user information. This guarantees
that the information about patients and diagnosis outcomes remains confidential and the reports are readily accessible to the
authorized personnel. On the whole, the methodology is based on preprocessing, deep learning, secure data processing,
performance assessment and construction of a reliable tool to assist the diagnosis of brain diseases.learning, secure data
handling, and performance evaluation to build a reliable tool for supporting brain disease diagnosis.
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Fig. 1 Data Flow Diagram
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The DFD illustrates how MRI scans and patient metadata flow through the brain health prediction pipeline. The process
starts at the Input Module, where clinicians upload DICOM/MRI files and enter basic patient details. These raw images
pass to the Preprocessing Engine, which performs skull-stripping, denoising, intensity normalization, and resizing so
that images are standardized for model input. Preprocessed images move into the Feature Extraction module where a
pretrained VGG19 backbone computes hierarchical feature maps; these are flattened into feature vectors. The
Classification module receives feature vectors and produces disease-label probabilities (e.g., healthy, Alzheimer’s,
glioma, meningioma, pituitary). The Prediction Store stores predictions and intermediates and is also sent to the Model
Evaluation and Validation module where the predictions are compared with available ground-truth labels and accuracy,
precision, recall, and F1-score are computed. The Report and Visualization module outputs evaluated in the form of
confidence scores and heatmaps which indicate areas that affect classification. Every operation is mediated with the
help of the Secure Data & Auth Module (JWT-based authentication, password hashing, encrypted communication) and
data is stored in persistent stores (Image Repository, Model Repository, Clinical Records, Audit logs). Images may be
provided by external systems like PACS or hospital EMRs and reports may be provided back through standardized
interfaces, and any manual verification or field-level labels may be the input of circulating model refinements.
Algorithms Used: The Brain Health Prediction and Disease Classification System uses a hybrid deep-learning—based
workflow that automates the identification of neurological diseases from MRI images. The multi-stage pipeline ensures
structured processing, improved model accuracy, and reliable classification across different brain disorders.

1. Input Acquisition and Preprocessing:MRI brain images from different sources and conditions are collected and
prepared to ensure uniformity during analysis. Preprocessing includes image resizing, skull stripping, noise removal,
contrast enhancement, and normalization of pixel intensities. These operations eliminate imaging artefacts, highlight
critical brain structures, and reduce variability between scans, making them comparable across the dataset.

Image Normalization Formula:

I = I =
norm o norm

Noise Reduction (Gaussian Filter):

1 x%+y?

2. Multi-Level Feature Extraction Using VGG19:After preprocessing, each MRI image is forwarded to the VGG19-
based feature extraction block. The model employs stacked convolutional layers that detect textural details, structural
variations, and disease-related abnormalities. This creates multi-level feature maps that represent tumour boundaries,
cortical shrinkage typical in Alzheimer’s, and other pathological patterns

Feature Map Generation:
F= (Inorm * W) +b

Activation Function (ReLU):
f(x) = max(0, x)

3. Intelligent Region Identification and Disease Classification:The extracted feature maps are processed through fully
connected layers and a softmax classifier that assigns a probability score to each disease category. This step evaluates
shape consistency, tissue deformation, and region-specific intensity variations to segregate healthy scans from diseased
ones.

Softmax Probability Calculation:

. eZi
P(y=llx)=w

Loss Function (Cross-Entropy):

n
L== ylog®)
i=1
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4.tructured Output Generation and Clinical Assessment : The system produces a prediction report containing the disease
class, probability value, and activation patterns highlighting the regions most responsible for classification. The model
is further evaluated using standard performance metrics to ensure its diagnostic reliability.

Accuracy:
A _ TP +TN
CCUracy =Tp ¥ TN + FP + FN
F1-Score:
Precisi TP
recision = W
Testing:

Testing in this project ensures that every stage of the brain disease classification system—from MRI preprocessing to
feature extraction and final prediction—functions correctly and produces reliable results. It verifies that the model
identifies diseases accurately, handles errors smoothly, and performs consistently across different MRI inputs.

1. Unit Testing Every single core operation (i.e. MRI normalization, noise filtering, skull-stripping, VGG19 feature
extraction, probability computation) is individually tested to ensure that intermediate results are produced properly.

2. Integration Testing This is a test to ensure modules which are tightly integrated are functioning properly, such as the
preprocessed images are sent to the feature extractor correctly, the feature vectors are relayed evenly to the classifier,
and the predicted labels are stored and compared with actual ground-truths.

3. Acceptance Testing he predictions of Acceptance testing are made against clinically accepted labels. Doctors or
annotators of a dataset validate the conclusions of the system to the diagnostic expectations and thus make sure that the
system is fit to be used in medicine.

Test Cases:
TC
D Module Input Expected Output Result
TCO1 | [Preprocessing ng MRI scan with correct ¥mage. normalized, skull stripped, no Pass
orientation intensity artefacts
|TC02 ||Preprocessing ||MRI scan with noise ||Noise-sm00thed image, enhanced contrast ||Pass
|TC03 ||Feature Extraction ||Preprocessed MRI input “Valid VGG19 feature map generated ||Pass
TCO04 ||Classification Feature vector representing MRI Correct' Q1sease label predicted with Pass
probability score
TCO0S Evaluation Predicted labels vs. ground-truth Accuracy, precision, recall, F1-score Pass
Module computed
TCO06 Perfgrmance Batch of 100 MRI scans Processing completed within acceptable Pass
Testing response threshold
TC07 |[Error Handling MRI w1.th missing metadata or partial System handles. grac.efully, displays Pass
corruption meaningful notification

IJIRSET©2025 | AnlISO 9001:2008 Certified Journal | 22932



http://www.ijirset.com/

ﬂ“gﬁ International Journal of Innovative Research of
"I j Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 12, December 2025

|DOI: 10.15680/IJIRSET.2025.1412058|
IV. EXPERIMENTAL RESULTS

The system was tested with MRI data of normal and pathological brain images. The model was able to detect
structural abnormalities in more than one disease category after preprocessing and feature extraction. Strong accuracy,
precision, recall, and Fl-scores, showed that the classification results are reliable. The resulting products such as
confidence levels and highlighted areas were clearly supported through visual clinical interpretation.

HOME PAGE PREDICTION PAGE

RESULT PAGE

V. CONCLUSION

The proposed Brain disorder detection system shows the way deep learning, MRI preprocessing, and automated feature
extraction may be combined into a single system to detect neurological disorders with better accuracy. The hierarchical
feature learning with VGG19 and structured classification and performance assessment is the approach that will lessen the
reliance on manual interpretation and offer faster initial diagnostic information. The findings of the experiment show that the
model is capable of identifying disease patterns and producing clinically meaningful results that assist in decision-making, not
only because of its technical accuracy.The fact that the system creates interpretable results that reflect the foundations of the
choices made by the model, i.e., confidence scores and activation highlights, also allows clinicians to see the roots of the
model decisions. The secure authentication layer is such that it provides the safeguarding of sensitive medical information and
allows multiple users to view medical data in health facilities. In general, it is possible to note that the system has a great
potential to be implemented in the real world because of its scalability, flexibility, and automation. The platform can be
further developed in future with different additions like the addition of multimodal imaging (PET or CT) or 3D CNN
architecture to analyse volumetric MRI image and providing real-time clinical integration to enhance the model but also for
continuous development of the model as a complete assistive tool in monitoring and diagnosing neurological diseases.
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