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Thesis Summary

Estimating motion from image sensors is a fundamental problem in computer vision and
robotics. Event cameras are novel bio-inspired sensors that provide a signal suitable for estimating
motion because their pixels naturally respond to intensity changes. This working principle of visual
data acquisition in the form of asynchronous per-pixel intensity differences offers advantages such
as low latency, high dynamic range, and data efficiency, which contribute to overcoming
challenging scenarios for conventional frame-based cameras. However, state-of-the-art methods of
event-based motion estimation have several challenges: (i) typical objective functions have
undesired optima for complex ego-motion and optical flow estimation scenarios, (ii) event-based
optical flow has not considered the space-time nature of events, and (ii1) many existing optical flow
methods are not biologically plausible. This thesis rethinks the nature of event data, improves the
well-posedness of various motion estimation problems, and proposes a new optical flow estimation
approach. Furthermore, it demonstrates a novel application of event-based motion estimation in
imaging sciences.

Chapter 1 gives an overview of the motion estimation problems considered using an event
camera, summarizing the contributions of this work.

Chapter 2 reviews the working principle of an event camera and existing methods in motion
estimation that use only events or a combination of events and frames (i.e., images).

Chapter 3 focuses on ego-motion estimation from events alone and proposes improvements to the
Contrast Maximization (CMax) framework. The goal of this chapter is to extend it to higher, more
complex motion estimation problems by mitigating event collapse without trading off speed.

Chapter 4 focuses on optical flow estimation and proposes a principled method to estimate
optical flow by extending CMax. It also extends frame-based optical flow to event-based,
space-time optical flow to handle occlusions better.

Chapter 5 proposes a new optical flow estimation method, which achieves fast runtime upon
sacrific- ing accuracy. The proposed method stems from neuroscience and is biologically plausible.

Chapter 6 demonstrates an application to estimate the convection of heated air (motion of air
density), using schlieren imaging techniques. Here, a new method using events and frames to
estimate complex motion is proposed, by extending the linearized event generation model.

Chapter 7 summarizes the results of this work and discusses future work.




