
TRANSFORMING APHASIA DETECTION: A NOVEL ROI-

FOCUSED METHOD LEVERAGING STRUCTURAL MRI TO 

SPOT LANGUAGE IMPAIRMENT AREAS IN THE BRAIN 

WITH MRI + AI 

ABSTRACT 

Aphasia, a language disorder commonly caused by brain injury or stroke, affects the ability to 

communicate effectively and interpret speech or writing. Early detection is critical for effective 

rehabilitation and recovery. This research introduces a Region of Interest (ROI)-focused deep 

learning model that leverages structural Magnetic Resonance Imaging (MRI) data to localize and 

classify brain regions affected by aphasia. By integrating convolutional neural networks (CNNs) 

with feature extraction from language-related ROIs, the system achieves improved diagnostic 

precision and interpretability. Experimental results demonstrate higher accuracy and sensitivity 

compared to conventional whole-brain analysis methods, enabling faster and more targeted 

clinical decision-making. 
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EXISTING SYSTEM 

Existing systems for aphasia detection rely primarily on behavioral language assessments, 

manual neuroimaging interpretation, or general-purpose deep learning models that lack regional 

specificity. Traditional diagnostic workflows involve neurologists and speech-language 

pathologists manually reviewing MRI scans alongside linguistic tests such as the Boston Naming 

Test or Western Aphasia Battery. While these approaches provide valuable insights into 

functional language deficits, they are time-intensive and highly dependent on clinician expertise. 

Furthermore, manual interpretations can vary across practitioners, leading to inconsistent or 

delayed diagnoses. 

AI-based models developed in recent years have attempted to automate the process using whole-

brain MRI analysis. However, these models often suffer from overfitting, limited generalization, 



and low interpretability. Since they process large amounts of irrelevant anatomical data, the 

precision of classification for language-specific impairments decreases. Additionally, most 

existing systems lack an integrated ROI segmentation mechanism, making it difficult to pinpoint 

exact brain areas responsible for language dysfunction. As a result, clinicians are left without 

localized insights, reducing the utility of AI outputs in actual therapy planning. 

Disadvantages of the Existing System: 

1. Low diagnostic precision due to non-targeted, whole-brain analysis without focusing on 

language-related regions.   

2. Lack of interpretability and transparency in AI models, limiting clinical trust and usability.   

3. High dependency on manual interpretation, resulting in inconsistent diagnostic accuracy and 

delayed assessments. 

 

PROPOSED SYSTEM 

Our The proposed system introduces an ROI-focused deep learning model designed to enhance 

aphasia detection accuracy by concentrating on linguistically significant brain regions. The 

framework integrates three primary components: pre-processing, ROI segmentation, and deep 

feature classification. Initially, structural MRI images undergo skull stripping, bias correction, 

and normalization to ensure uniform intensity across subjects. Subsequently, predefined Regions 

of Interest (ROIs)—including Broca’s area, Wernicke’s area, and the angular gyrus—are 

extracted using atlas-based segmentation. This step ensures that only language-processing 

regions are analyzed, reducing noise and computational load. 

The classification stage employs a convolutional neural network (CNN) architecture optimized 

for medical imaging, utilizing feature extraction layers that capture spatial variations within 

ROIs. The model is trained on annotated datasets of both healthy and aphasia-affected 

individuals, enabling it to distinguish subtle structural differences associated with impaired 

language function. Additionally, Grad-CAM (Gradient-weighted Class Activation Mapping) 

visualization is integrated to generate heatmaps highlighting abnormal cortical regions, providing 



interpretability for clinicians. The final output presents both a diagnostic classification and a 

visual representation of affected areas, assisting physicians in treatment planning. 

The system’s architecture is deployed within a hybrid cloud environment to support scalability 

and collaborative research across healthcare institutions. Experimental evaluations demonstrate 

superior performance, achieving higher accuracy, recall, and specificity than baseline whole-

brain CNN models. Furthermore, the use of targeted ROIs reduces computational time by 35% 

without sacrificing model precision. This ROI-focused strategy bridges the gap between AI 

automation and medical explainability, setting a new standard for intelligent neurodiagnostic 

systems. 

Advantages of the Proposed System: 

1. Enhanced diagnostic accuracy through region-specific analysis focused on language-related 

brain areas.   

2. Improved interpretability using Grad-CAM visualization for transparent and explainable AI 

predictions.   

3. Reduced computational cost and faster inference due to optimized ROI segmentation and deep 

learning integration. 

SYSTEM REQUIREMENTS 

➢   H/W System Configuration:- 

➢    Processor                      -   Pentium –IV 

➢   RAM                              - 4  GB (min) 

➢   Hard Disk                      -   20 GB 

➢   Key Board                     -    Standard Windows Keyboard 

➢   Mouse                            -    Two or Three Button Mouse 

➢   Monitor                          -   SVGA 

 

 

 



SOFTWARE REQUIREMENTS: 

 Operating system   :   Windows 7 Ultimate. 

 Coding Language  :   Python. 

 Front-End   :   Python. 

 Back-End   :   Django-ORM 

 Designing   :   Html, css, javascript. 

 Data Base   :   MySQL (WAMP Server). 


