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Optical Flow Estimation with An Event Camera: Toward Sparse and Asynchronous
Processing

Thesis Summary

Optical flow estimation is an important technique for moving object recognition. It is required to
estimate at a high rate in urgent systems such as collision avoidance in autonomous driving. In
conventional frame-based computer vision, optical flow estimation is performed by measuring
brightness consistency across images, however, the low temporal resolution makes pixel-to-pixel
association difficult, and advanced models, such as deep learning, have been proposed. Also, as the
output rate is increased, data become redundant, and the computational load increases due to
processing all pixels.

An event camera is a sensor that detects asynchronous changes in luminance at each pixel and its
high temporal resolution makes it suitable for estimating optical flow. Because of this property, a
flow can easily be obtained by local plane fitting of spatio-temporal events, but it is not a full
optical flow due to an aperture problem. There are methods to estimate the full optical flow by
processing events densely like frames, but this is not an efficient processing because it requires
recalculation of past events. Therefore, we propose a method for incremental estimation of optical
flow from sparse events. We propose a method that enables sparse and incremental estimation of
optical flow while preserving the advantages of using events.

Chapter 1 describes the background and objectives of this study.

In Chapter 2, we describe conventional image-based optical flow and discuss their fundamental
challenges. Next, we introduce event cameras and gave an overview of existing methods.

In Chapter 3, we focus on a method that uses the conventional brightness consistency assumption
by recovering luminance from event data. It can estimate optical flow with high temporal
resolution, but the sparsity of the data results in poor estimation. Therefore, we propose a
regularization method utilizing a car motion model and confirm the improvement in accuracy.

In Chapter 4, we propose a method for estimating optical flow without luminance restoration by
directly measuring association with event timestamps.

In Chapter 5, we propose a method for sparse, asynchronous, and incremental estimation of optical
flow, in contrast to the synchronous and dense optimization methods of Chapters 3 and 4. We model
the probability of full flow as an elongated 2D Gaussian and formulate marginalization using belief
propagation. This allows real-time estimation of full flow from only local operations.

Chapter 6 concludes this study.




