Light Field Refocusing

Advisor: Jonas, jonas.fiala@inf.ethz.ch

By photographing a scene with an array of cameras (e.g., 17x17) one can capture a so-called
light field, which contains much more information than a single-camera image. Such light fields
can then be used for various applications, including constructing single, synthetic images with
various lens parameters. This project aims to create an optimized implementation of digital
refocusing. That is, given a light field, we want to create images that simulate the effect of using
a lens with specific focal lengths.

The algorithm you will implement will take a light field of 17x17 (289) images as input along with
a focus parameter specifying the requested focal length. From this it will produce a single output
image that looks as if it had been taken with a camera at the specified focal length. Sample
input light fields can be downloaded at [1] (under “Rectified and cropped images”) and we
provide a reference implementation in Rust at [2] (the “refocus_shift_and_sum” function in the
“rust_refocus” directory).

Refocusing is performed using the shift and sum technique described in equation 6 of [3] (their
a corresponds to the focus parameter from above). However, we recommend using the
implementation provided above as reference for the algorithm. It involves shifting each input
image by a certain offset depending on its distance from the central camera multiplied by the
focus parameter and then averaging the resulting images. A focus parameter of zero means no
shift, such that far away objects remain in focus, while a larger shift means that near objects are
in focus. The figure at the end of this document demonstrates this.

Project Goal

This project comprises of two main goals:

a) Rewrite the Rust reference implementation in C++ (use the template provided at [2] in
the “cpp_refocus” directory) as straightforward baseline code and apply the techniques
taught in the course to improve the runtime/performance of this algorithm.

b) Extend the algorithm to output a focal stack of. That is, the new program takes a
sequence of focus values as input and outputs an image for each. As a baseline, you
may use the algorithm from part a) run separately, multiple times for each requested
focus value.
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Figure adapted from [4].
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