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This thesis addresses the challenge of improving fundus image registration accuracy
through innovative techniques such as bifurcation detection and entropy evaluation.
Accurate fundus image registration is crucial for tracking retinal changes over time,
diagnosing and monitoring diseases, and ensuring consistent treatment planning. Despite
its importance, existing methods often lack validation due to the absence of suitable
datasets for quantitative evaluation and comparison.

Several challenges hinder the clinical implementation of fundus image registration,
including the lack of standardized validation and the impracticality of many algorithms
due to their long execution times. To enhance both accuracy and speed, this study employs
a comprehensive feature-based registration pipeline. It proposes detecting bifurcation
points in fundus images as landmarks, utilizing methods such as traditional pixel-wise
segmentation, Frangi filter-based detection, and deep learning for region-of-interest
delineation and feature extraction. Restrictions are introduced to mitigate localization
errors, and a new metric is proposed for evaluating feature extraction quality.

The study leverages the FIVES dataset to train a U-Net deep learning model, enhancing
blood vessel segmentation and bifurcation detection. U-Net is used to produce a probability
map for bifurcations, creating a pseudo-ground-truth using the FIVES dataset.
Experimental evaluations with the FIRE dataset, which provides ground truth for
assessment, show that integrating deep learning into the registration pipeline
significantly improves accuracy and efficiency. The inclusion of U-Net for bifurcation
probability mapping not only enhances registration accuracy but also accelerates the
process.

Results indicate that bifurcation points effectively register fundus images, performing



comparably to more complex methodologies. The research also finds that simpler
transformation models can be equally effective, challenging the assumption that
complexity yields better results.

Key findings include achieving an Intersection Over Union of 0.7559 for blood vessel
segmentation and an Area Under the Curve of 0.626 on the FIRE dataset, with a notable
0.720 in the Longitudinal Study subset. This research advances medical imaging by
providing robust, accurate, and efficient methodologies for fundus image registration,
contributing valuable insights for clinical decision support systems and enhancing

diagnostic precision in ophthalmology.
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