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Medical imaging plays a pivotal role in diagnostics and interventions, and the timely and accurate segmentation of blood
vessels is crucial for various clinical applications. This Ph.D. research proposal aims to explore and develop hardware-
accelerated solutions for real-time blood vessel segmentation, addressing the pressing need for efficient processing in
clinical settings.

Motivation: The motivation behind this research stems from the increasing demand for real-time or near-real-time
processing in medical imaging, especially during interventions and surgeries. Traditional computational methods for blood
vessel segmentation may encounter challenges in meeting the stringent timing requirements, necessitating the exploration
of hardware acceleration solutions.

Scope and Objectives: The primary scope of this research is to investigate and optimize hardware platforms such as GPUs
or TPUs for efficient and real-time blood vessel segmentation. The objectives include identifying suitable algorithms,
parallelization strategies, and model compression techniques to leverage the parallel processing capabilities of the chosen
hardware.

Data Collection: In this research, publicly available data are going to be used for developing the segmentation algorithms.
Data sources like The Cancer Imaging Archive (cancerimagingarchive.net), OASIS (OASIS Brains - Open Access Series of
Imaging Studies (oasis-brains.org)) and Standford University Shared Datasets (Shared Datasets | Center for Artificial
Intelligence in Medicine & Imaging (stanford.edu)) could be used to obtain medical imaging data. All data are anonymized
and there is no way to trace back to real patients data.



https://www.cancerimagingarchive.net/
http://www.oasis-brains.org/
http://www.oasis-brains.org/
https://aimi.stanford.edu/shared-datasets
https://aimi.stanford.edu/shared-datasets

Algorithmic Adaptation: The research will delve into algorithmic adaptation, exploring parallel computing strategies and
model compression techniques to ensure optimal resource utilization. Special attention will be given to maintaining or
improving segmentation accuracy while significantly reducing processing times.

Validation and Benchmarking: The research will establish comprehensive performance metrics, benchmarking the
hardware-accelerated solution against traditional CPU-based methods and relevant benchmarks. Evaluation criteria will
include speed, accuracy, and resource utilization.

Implementation Challenges: Addressing challenges related to data throughput, memory bandwidth, and potential
bottlenecks will be a key focus. The research will explore solutions that balance computational efficiency with energy
efficiency, ensuring applicability in diverse medical imaging scenarios.

Adaptability and Generalization: The proposed solution will be designed to be adaptable to different types of hardware,
fostering versatility and generalization across diverse datasets and imaging conditions.

User Interface Integration: The development of user-friendly interfaces and integration into existing clinical systems will
be explored to ensure seamless adoption by healthcare professionals.

Security and Privacy Considerations: Given the sensitive nature of medical imaging data, the research will address security
and privacy concerns associated with processing on accelerated hardware, adhering to healthcare regulations and
standards. While medical imaging data planned to be used are free from sensitive patient information, we are planning to
investigate potential ways of applying GDPR compliance protocols and data anonymization prior transferring images to any
external network (if it is necessary).

Human-in-the-Loop Approaches: Interactive systems will be explored, allowing clinicians to actively participate in the
segmentation process and providing valuable feedback for improved accuracy and reliability.

This research aims to bridge the gap between cutting-edge computer vision techniques and the practical needs of
healthcare professionals, contributing to advancements in real-time blood vessel segmentation for enhanced clinical
decision-making and patient care.
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