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ABSTRACT: This study focuses on improving brain tumour diagnosis and visualization using advanced technologies.
Convolutional Neural Networks (CNNs) are used to detect brain tumours in MRI images, followed by segmentation
techniques to accurately identify tumour regions. 3D Slicer is used to convert 2D MRI images into high-quality 3D
representations, enhancing understanding and treatment planning. This approach could lead to improved patient
outcomes, enhanced medical imaging techniques, and more informed decision-making in neuro-oncology.

KEYWORDS: Brain Tumour, Convolution Neural Networks (CNNs), MRI Images, Segmentation Techniques,
Efficientnet

I. INTRODUCTION

In contemporary medicine, the correct identification and evaluation of brain tumours are of the utmost importance. The
purpose of this study is to present a novel and comprehensive strategy that makes use of state-of-the-art technologies to
enhance the precision of brain tumour diagnosis and treatment planning. The three main parts of this study's framework
are as follows:

Component 1: Convolutional neural networks (CNNs) for tumour detection
Convolutional neural networks (CNNs) are used for detecting brain tumours in MRI images, a crucial step in image
classification tasks.

Component 2: Advanced Segmentation Techniques for Precise Tumour Delineation

Segmentation techniques like adaptive thresholding enhance tumour localization in MRI images, enhancing diagnosis
and treatment planning accuracy and determining tumour extent.
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Figure 1: A rough flow chart for brain tumour detection and 3D model conversion algorithm

Component 3: Using Slicer 3D to convert the 3D image to 2D using volume rendering

To segment tumours in MRI images using 3D Slicer, load the images, load the pre-trained segmentation model, and
apply it to the images. The model generates highlighted tumours. Visualize the segmented tumours overlaid on the
original images to inspect the results. If not satisfactory, adjust the model parameters or perform post-processing to
improve accuracy.

Overall, the process involves loading the MRI images, loading a pre-trained segmentation model, applying the model to
the images for segmentation, and then visualizing and potentially adjusting the segmentation results.

II. LITERATURE SURVEY
We started this project after an extensive research literature review delving into the challenges.

[1] Zhang, H., Shinomiya, Y., & Yoshida, S. (2021). 3D MRI Reconstruction Based on 2D Generative Adversarial
Network Super-Resolution.

The model is capable of reconstructing high-quality 3D MRI images from 2D MRI images using super-resolution but it
requires a large training data

[2] Suresha, D., Jagadisha, N., Shrisha, H. S., & Kaushik, K. S. (2020).

The paper introduces a novel image-processing algorithm for detecting brain tumours, enhancing efficiency and
accuracy, but highlighting limitations in image quality and hand-crafted feature accuracy.

[3] Irsheidat, S., & Duwairi, R. (2020). Brain tumour Detection Using Artificial Convolutional Neural Networks.

This paper proposes a deep learning-based approach for brain tumour detection that achieves state-of-the-art results on
public datasets. Requires large amount of training data and computational resources, May not be able to generalize to
different datasets.

[4] Chahal, P.K., Pandey, S., & Goel, S. (2020). A survey on brain tumour detection techniques for MR images.

This research provides a comprehensive overview of the various brain tumour detection techniques for MR images.
Does not evaluate the performance of the various brain tumour detection techniques, Does not compare the various
brain tumour detection techniques in detail.

[5] Asiri, A.A., Shaf, A., Ali, T., Aamir, M., Irfan, M., Alqahtani, S., Mehdar, K.M., Halawani, H.T., & Alghamdi,
A.H. (2023).Brain tumour Detection and Classification Using Fine-Tuned CNN with ResNet50 and U-Net Model: A
Study on TCGA-LGG and TCIA Dataset for MRI Applications.
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The model proposes a fine-tuned CNN for brain tumour detection and classification, achieving high accuracy on two
public datasets, but may not generalize to different datasets.

[6] Nazir, M., Shakil, S., & Khurshid, K. (2021). Role of deep learning in brain tumour detection and classification
(2015 to 2020): A review.

The paper explores deep learning's potential for brain tumour detection and classification but does not evaluate its
performance or compare different approaches in detail.

III. MOTIVATION

This study aims to improve early detection and segmentation of brain tumours in 3D MRI scans using deep learning
and modern imaging techniques. The goal is to improve patient care and improve the quality of life for those affected
by brain tumours. The new method, which uses color distinction to distinguish tumours from healthy tissue, could make
it easier for surgeons to identify patients during surgeries.

IV. PROPOSED SYSTEM

The first task is detecting the tumour in the MRI Scan. This will do done using a Convolutional Neural Network and
some segmentation techniques to:

O Remove the background from the MRI
O Segregating the tumour from the MRI

2D multimodal
MRI images of
patients with and
without brain
tumors

Detection of tumor and
classification of MRIs with
tumor and without tumor

h 4

Segmentation of the tumors
from the MRI's

A 4

Using Slicer 3D along with
the segmentation model to
volume render the 2D MRI to
a 3D model

3D rendered MRI
of MRI with tumor

Figure 2: A Proposed System Flow Chart

The second task is reconstructing the MRI scan in 3D so that after some more processing, we can Slicer 3D to convert
it to an image printable by a 3D printer. So for the 3D reconstruction , we will follow the framework and develop a
generator coupled with discriminator to tackle the task of 3D SISR on T1 brain MRI images

V. DOMAIN FEASIBILITY

Python-based to host via 3D Slicer

ML Model: Convolution Neural Networks, 2D Generative Adversarial Network, Model Segmentation
Algorithms Used: Generative Adversarial Network Super-Resolution, EfficientNet

Methodologies Used: Transfer Learning, Adaptive Threshold

5.1 Real-Time Analysis
1. Input MRI Images: The system accepts brain MRI image datasets from various sources, including user uploads,

IJIRCCE©2024 |  AnISO 9001:2008 Certified Journal | 6343



International Journal of Innovative Research in Computer and Communication Engineering

M ‘m o | e-ISSN: 2320-9801, p-ISSN: 2320-9798| www.ijircce.com | [Impact Factor: 8.379 | Monthly Peer Reviewed & Referred Journal |
S ,ET $
[~ I - _

|| Volume 12, Issue 5, May 2024 ||

| DOI: 10.15680/1JIRCCE.2024.1205199 |

scan reports, or PACS integration.

2. Brain Tumor Detection and Segmentation: The project utilizes a Convolutional Neural Network (CNN) to
automatically detect potential brain tumor regions within the MRI data. This enhances neurology diagnosis and
treatment planning, potentially improving patient outcomes and transforming neurosurgery.

3. Segmentation for Precise Tumor Analysis: Following detection, a segmentation technique is employed to refine
the tumor region. While adaptive thresholding can be effective in some cases, more sophisticated methods based
on deep learning are being explored for improved accuracy in handling atypical shapes and intensity variations.

4. 3D Reconstruction using Slicer 3D: This project utilizes 3D Slicer, a free and open-source software platform for
medical image processing and visualization. We developed a custom Python script within 3D Slicer to perform 3D
segmentation of the brain tumor. This script automates the segmentation process, extracting the tumor region from
the MRI data and generating a 3D representation.

5. Output 3D Tumor Model: The reconstructed 3D model of the tumor can be visualized on a computer screen or
exported in a format compatible with 3D printing. This provides surgeons with valuable insights into tumor size,
shape, and spatial distribution, aiding in surgical planning and decision-making.

5.2 User Interface

3D slicer

3D Slicer, a free and open-source software platform, is specifically designed for medical image processing and
visualization, widely used for analyzing MRI, CT scans, and microscopy images.

Its modular architecture allows customization through plugins and scripting, enabling researchers to tailor
functionalities to specific needs, as shown in this project's Python script for brain tumor segmentation.3D Slicer offers
various segmentation techniques, allowing researchers to choose the most suitable method for their data and analysis
goals.

Beyond segmentation, the platform provides functionalities for image registration, crucial for aligning and co-
registering multiple medical images. It’s interactive visualization tools facilitate detailed analysis of anatomical
structures and pathologies within 3D medical images.

3D Slicer seamlessly integrates with various medical imaging file formats, ensuring compatibility with existing data
pipelines.

The open-source nature fosters collaboration and knowledge sharing within the medical imaging research
community.3D Slicer allows exporting 3D models for creating physical representations for surgical planning and
patient education, as demonstrated in this research project.

It is a research software platform that enables rapid development, testing, and dissemination of new techniques in
clinical settings, offering Python and C++ versions, a complete Python environment, and an integrated Python console.

VI. EFFICIENCY

This study explores computational optimizations for deep learning models used in 3D MRI reconstruction. These
optimizations aim to improve the efficiency and accuracy of brain tumor identification without compromising
performance. Examples include techniques like model pruning or quantization. Achieving this balance is crucial for
real-world clinical deployment with resource limitations.

Scalability

The study scalability aims to improve the efficiency and accuracy of brain tumour identification from 3D MRI scans by
utilizing parallel computing techniques. With a workflow consisting of automation and batch processing, better results
are achieved

VIIL. ETHICS

Deep learning models in medical applications raise important ethical concerns. Our research prioritizes patient privacy
by ensuring data anonymization throughout the analysis pipeline. Additionally, we emphasize the importance of
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algorithmic transparency and explainability. This involves developing CNN models with interpretable decision-
making processes to build trust and confidence in the results from healthcare professionals.

Furthermore, we acknowledge the potential for bias in deep learning models trained on medical imaging datasets. We
plan to address this by employing techniques for mitigating bias, such as using diverse and balanced training datasets.
Finally, responsible research practices require close collaboration with medical ethics committees to ensure the project
adheres to all relevant ethical guidelines and regulations.

This revised paragraph highlights specific ethical considerations like patient privacy, algorithmic transparency, bias
mitigation, and collaboration with ethics committees. It demonstrates a more thoughtful approach to the ethical
implications of your research.

VIII. MITIGATION

The research paper "Mitigation for Deep Learning-Enabled 3D MRI Reconstruction for Brain tumour Detection and
Segmentation" proposes strategies to enhance precision, reduce false positives, increase sensitivity, and achieve
accurate tumour localization in 3D MRI data.

IX. RESULT AND ANALYSIS

Detection

Actual label-Tumor Actual label-Tumor
Predicted label:Tumor Predicted label-Tumor

Actual label:N;
Predicted

Segmentation

Figure 4: Output Screenshot of Brain Tumour Segmentation in the given dataset
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Figure 4.12: Using custom extension
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Figure 4.13: Preview of a Highlighted Brain Tumour
X. FUTURE SCOPE

The project aims to create 3D-printed models from MRI images for medical training and diagnostic enhancement. It
also focuses on advanced deep learning research to improve 3D MRI reconstruction and tumour segmentation. The
project also explores data integration, real-time reconstruction, visualization tools, collaboration with medical
organizations, and documentation and ethics. The goal is to enhance patient diagnosis and treatment planning.

Integrating data from various imaging modalities (e.g., MRI, CT, PET) and other patient data (genomic, clinical) can
provide a more comprehensive view of the tumour, improving diagnosis and treatment recommendations. It can also be
extended to help in surgical planning and training using virtual reality platforms and integrate other advanced
reconstruction techniques.

XI. CONCLUSION

This study proposed a unique framework for brain tumor analysis based on deep learning and sophisticated
visualization techniques. The project's use of Convolutional Neural Networks (CNNs) for tumor detection and 3D
Slicer for segmentation and reconstruction provides a potential method to improving brain tumor diagnosis and
treatment planning. The suggested method has the potential to improve accuracy in tumor diagnosis and delineation,
resulting in better patient outcomes.

However, more research is needed to fully explore the potential of this paradigm. Future directions include
incorporating more imaging modalities and patient data, researching sophisticated deep learning architectures for 3D
reconstruction, and exploring real-time processing capabilities. Furthermore, collaboration with medical institutions for
clinical validation and ethical considerations are critical steps in translating this research into practical applications that
benefit patients and healthcare workers.

This project adds to the continuous breakthroughs in medical image processing, paving the path for the creation of
more precise and efficient tools for brain tumor diagnosis and management.
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