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Abstract

Brain tumors are life-threatening and are typically identified by experts using imaging modalities like
MRI, CT, and PET scan. In current clinical practice, the segmentation of brain tumors is typically
performed manually, which is time-consuming and tedious for radiologists. However, any error due to
human intervention in brain tumor segmentation can have disastrous consequences. To mitigate this issue,
our research is focused on developing a fast and reliable tumor segmentation system for brain images that
can benefit society. The development of a tumor segmenting system is becoming challenging and is still
an open problem due to: (1) Variability in shapes, areas, and sizes of tumors; (2) Anomalies usually
exhibit unclear and irregular boundaries with discontinuities; (3) Contrast uptake and image acquisition
time after contrast injection can vary, which changes tumor appearance significantly. There has been
substantial research in the domain of brain tumor segmentation. However, the existing algorithms for
brain tumor segmentation still face several challenges that limit their reliability in clinical practice.

This thesis studies and proposes computational approaches for brain tumor segmentation. The first
contribution introduces a novel image understanding based method for brain tumor segmentation, which
utilizes entropy, intensity differences between tumor and surrounding regions, and superpixel
segmentation for accurate tumor segmentation and localization. The second contribution proposes a
novel, robust GAN inspired approach for segmenting intratumoral brain regions. This approach has been
extensively analyzed and evaluated on the benchmark BRATS2020 dataset and demonstrated improved
generalization across datasets with varying imaging modalities, tumor types, and acquisition settings.
Further, this work is extended to perform anomaly segmentation across multiple organs. The subsequent
contribution focuses on developing an improved variant of the U-Net architecture that effectively
combines deep semantic features with fine spatial details for medical image segmentation. This
contribution also introduces a novel diagnostic map to assist clinicians in making more accurate and
informed decisions, and thus reducing the likelihood of missed lesions and improving diagnostic
precision. Finally, this thesis introduces an loMT-enabled smart healthcare system to enable secure
medical data transmission and provide reliable remote brain tumor segmentation for patients requiring
continuous monitoring of acute disorders, such as brain tumors. In summary, this thesis explores
computational approaches for brain tumor segmentation to facilitate timely diagnosis, accurate
monitoring, and improved clinical outcomes for patients with brain tumors.
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