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This thesis is a comprehensive feasibility study of the light field video technology using
acquisition hardware which is portable enough to be mounted on an aerial platform.
It studies various issues in capturing light field video using this platform and focuses
on solving the problem of low spatial resolution of the video. It analyses in detail an
existing state of the art method to produce light field video and proposes a modification
to achieve spatial super-resolution thus enhancing the overall video quality. To achieve
this, different spatial super-resolution techniques for light field images are weighed against
each other and the best fit to be incorporated into the existing video generation pipeline
is determined. Two of these techniques are implemented with necessary modification to
work with the light field video pipeline and its results are discussed. This thesis also
includes detailed background study on the relevance of a light field and light field video.
The problems and benefits of having a portable device capable of generating light field

video are also discussed from the perspective of aerial photography platforms.
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1 Introduction

The light field is a concept which has been around in the history of scientific research
for a few decades now. In this time period, there have been different definitions pro-
vided for the light field, each one accurate from the context of respective domains such
as mathematics, physics, computer graphics etc. But in all of these definitions, the com-
mon aspect is the fact that a light field always represents an entity which is capable of
storing and manipulating light information present in a given environment. From the
perspective of computer graphics, it is a far simpler way to interactively manipulate light
information than the traditional methods of using 3D scene files. Despite these obvious
benefits, the applications in which light fields are being employed currently is consider-
ably low. Because the understanding of a light field’s properties and capabilities is not
on par with a concept that has been around in the research world for a few decades. This
is partly due to the lack of computational power during which this concept was theorised
which resulted in studies and research of light fields to be temporarily shelved. But with
current hardware advancements, several new light field research has commenced and this
has resulted in the exploration of using the light field in many applications. However,
this culture of light field research is relatively new and there still exists a vast number of
domains and applications which remain completely unexplored. One such domain is light
field videography. More specifically, light field videography using portable or hand-held

light field cameras instead of using existing complex, bulky and sophisticated camera rigs.






have been proposed to improve the spatial resolution by using super-resolution techniques
which are a class of techniques that have been designed to enhance the resolution of an
imaging system. But the current super-resolution research in the light field is limited to
images. This dissertation extends one of these techniques to light field videos.

Therefore the primary motivation of this dissertation is to study the issues of a portable
light field video camera and enhance the feasibility of building one by solving one of the

fundamental problems of poor video quality using super-resolution techniques.












































































































Rebuilding the pipeline involved the tasks which involved setting up the environment
and the components of the pipeline. Ubuntu 18.04 LTS being the latest at the time,
was first used as the operating system on which the pipeline was to be rebuilt. This was
later discovered to be a wrong choice because of the fact that almost all of the depen-
dencies which were related to the project had been updated several versions. There were
significant differences in the way each dependency was designed and there were many
new protocols placed in the latest Ubuntu (18.04 LTS) which prevented installation of
older versions of the dependencies. Hence this entire endeavour was abandoned and it
was decided to rebuild the pipeline on Ubuntu 14.04 which was the version on which the
original project was developed. Once the platform was finalised individual components

were assembled. And the most important parts of the assembly are discussed here.

e CNN

The project used Caffee framework for defining and executing the two CNNs. There
were a number of dependencies which had to be set up in the machine to recreate
the exact environment. Since the older version of Ubuntu and Caffe were used,
individual dependencies such as CUDA, BLAS, cuDNN, Boost libraries etc had to
be manually installed. Ensuring version match and compatibility was a tremendous
task. This task was important to ensure the existing CNN models could be modified
and built successfully. Although eventually, no modification was actually done to
the CNN, setting up the CNN build environment was neccessary since the initial
approach of using Hybrid super-resolution required the CNN to be modified and

re-built to be used.

¢ Matlab

MATLAB wrappers were required to ensure the CNNs built could be used with
the scripts written to control the pipeline. There were a number of issues with the

MATLAB versioning, C++ compiler versioning. All of these were systematically
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resolution of 512 x 352. Hence, to bypass this problem, a straightforward solution is
to make whatever video available to be of higher resolution than the light field images.
Ultimately, this will fulfil the requirement of the hybrid super-resolution technique (i.e)
high-resolution video and low-resolution light field image. Note that the overall resolution
of the video is still nowhere close to the original DSLR video but is relatively higher

compared to the light field images.

4.5.2 Implementation

To simulate a scenario where the input video has higher spatial resolution than the light
field images, the light field images were programmatically downsampled. The resolution
was decreased by half and this reflected in a mismatch of spatial resolution dimension
between the inputs.

This mismatch of dimension meant that the input cannot be directly fed to the pipeline
since the kernel size of the original CNN had to be modified. This task was important to
ensure that the change in dimension resulted in kernel mismatch errors when the pipeline
was run. And this was done after considerable research as understanding the complex
network itself was enduring. After due diligence all the essential modifications were made

and the pipeline started executing without any errors.

4.5.3 Expected Results

The expectation from this task was that the generated output video will be spatially
super-resolved compared to the original light field images. This meant that the high-
resolution information in the video is propagated to the light field. Essentially the output
would have a resolution close to the input video which is double the resolution of the light
field images. The evaluation strategy was to compare and study this video generated to

the original video generated by the unchanged pipeline.
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