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Thesis Summary

Machines are pervasive in our daily lives, from autonomous vehicle control to surgical assistance.
The core of these technologies is the ability of machines to interpret the surrounding
three-dimensional environment as sensory data and localize themselves using their “eyes", the
camera.

While many technologies have been developed to utilize existing frame-based cameras, these
methods face limitations due to the dense recording system, making it difficult to scale to finer
temporal resolutions or reduce computational complexity. The frame-based recording system is the
most straightforward for visualizing the environment, and frame-based images are easy to interpret.
However, the information from these cameras is often redundant when representing motion.
Event-based cameras are bio-inspired vision sensors that mimic the retina, asynchronously
reporting per-pixel brightness changes rather than capturing actual intensity images at regular
intervals. Due to this unique operating principle, they offer exceptionally fine temporal resolution
and low data consumption, making them ideal sensors for capturing motion.

The goal of this thesis is to digitize the 3D world and enable machines to localize themselves from
fast-moving vision by utilizing event-based cameras. To achieve this, the thesis first explores fast
motion tracking using event-based vision along with differentiable scene representations. Secondly,
a camera localization and tracking method for fast-moving cameras using event-based vision is
introduced. Finally, a 3D scene reconstruction method for fast-moving cameras is presented,
incorporating event-based vision.

To achieve these objectives, this thesis presents several key contributions. First, it proposes a novel
framework for camera tracking using event data. This framework utilizes an implicit representation
via a pre-trained multi-layer perceptron (MLP) to synthesize events, allowing for sparse recovery of
camera position and velocity by minimizing discrepancies between observed and generated events.
Second, it develops a technique that leverages neural radiance field (NeRF) scene representations to
synthesize events. By aligning NeRF’s temporal gradient output with observed events, this method

accurately recovers camera pose and motion when input parameters match actual camera
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movements. Third, the thesis introduces a method for high-fidelity 3D scene reconstruction from
fast-moving cameras, achieving results within minutes. Integrating event-based and frame-based
vision enhances camera tracking efficiency and eliminates motion blur, resulting in more precise
3D representations. Finally, it presents a method for reconstructing 3D scenes while optimizing
camera poses from fast-moving cameras. Utilizing the proposed camera tracking techniques and an
event-enhanced 3D scene reconstruction strategy, this method ensures high-fidelity reconstruction
even with motion-blurred input images.

In conclusion, this thesis presents advancements in motion tracking, camera localization and
tracking methods, and neural scene representations using event-based vision, offering solutions that

allow fast-moving machines to localize themselves and comprehend the 3D world.




