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Abstract

AI research is transforming creative tasks, with advancements in AI tools rapidly changing
post-production expectations. However, the development of these technologies is mostly
driven by technologists, often without involving the creatives who will use them. This
thesis presents the development of a Computational Photography Research Studio aimed
at bridging this gap. The goal is to create a practical and flexible studio setup that
allows collaboration between creatives and researchers, allowing production and research
to occur simultaneously. This new type of research involves stakeholders, like filmmakers,
to ensure the research addresses their needs and benefits creative professionals. The studio
setup includes portable production cameras and lighting, enabling the capture of high-
quality live-action footage and datasets necessary for developing computational photography
algorithms for post-production. This environment aims to direct AI research to better serve
the filmmaking community, ultimately enhancing the quality of visual storytelling.

Keywords: Computer Vision; Computational Photography; Machine Learning; Independent
Filmmaking
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Chapter 1

Introduction

Figure 1.1: We present a comprehensive framework for a Computational Photography
Research Studio, designed to integrate AI-driven methodologies with creative �lmmaking.
The pipeline includes four key stages: (a) Studio Setup and Data Capture, utilizing
production cameras and lighting for independent environments; (b) Multicamera
Synchronization, ensuring precise temporal alignment across cameras; (c) Camera
Calibration, for obtaining accurate 3D representation of our studio; and (d) Green Screen
Keying, to isolate the subject for both post-production work�ows and computatinoal
photograph research. Each stage is engineered for �exibility and ease of use in production
settings.

The rapid advancements in Arti�cial Intelligence (AI) research are transforming creative

tasks and revolutionizing the landscape of post-production. The expectations and capabilities

in this �eld are rapidly evolving due to the development of new AI tools. However, the

development of these technologies has predominantly been driven by technical experts, often

excluding the creative professionals who are the end-users of these tools. This disconnect
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can lead to a misalignment between the capabilities of AI tools and the actual needs of

creative professionals.

To address this gap, the goal of this thesis is to establish a practical and �exible studio

setup that allows both production and research to be conducted simultaneously, fostering a

collaborative environment between creatives and researchers. This studio setup is designed

to support a new type of research that involves stakeholders�such as �lmmakers�who

will potentially bene�t from the research outcomes. By integrating the input of these

stakeholders, the research can be directed to address their speci�c needs, aligning AI

advancements with the bene�ts of creative professionals.

Traditional setups for computational photography research often involve the use of

computer vision cameras and controlled lighting environments. While e�ective, these setups

are typically expensive and require extensive engineering e�orts, making them impractical

for active production environments. They also tend to be rigid and complex, limiting their

usability for non-technical professionals. In contrast, this thesis proposes a �exible and

portable studio setup that utilizes production cameras and familiar lighting equipment

commonly found in independent production environments. This approach not only makes

the setup more accessible and user-friendly for non-AI engineers but also ensures high-

quality production and e�cient data capture for computational photography research. The

setup enables the capture of live-action footage suitable for high-quality production as well

as datasets necessary for developing advanced computational photography algorithms.

The broader vision for the studio involves creating a comprehensive pipeline that extends

beyond the immediate scope of this thesis. A crucial theme of this vision is illumination

analysis and manipulation, which plays a critical role in both production and post-production

processes. The way a scene is illuminated has a profound impact on its perception, in�uencing

mood, atmosphere, and narrative. This studio setup aims to not only support the capture of

di�erent lighting conditions accurately but also provide tools for analyzing and manipulating

these conditions in post-production. By using multiple cameras and varied lighting setups,

we seek to develop methods for changing scene illumination in a physically consistent

manner, allowing �lmmakers greater creative control in post-production.

Another key theme is the analysis and manipulation of camera positioning and movement.

The precise placement and motion of cameras are crucial elements in storytelling, de�ning

what the audience sees and experiences. The goal is to develop neural representations of the

scene that can accommodate changes in camera movements during post-production. This

capability is particularly valuable in re�ning complex shots that might not be perfectly

executed on set, such as tracking or dolly-zoom shots. By providing a mechanism to adjust

these elements in post-production, �lmmakers are o�ered more �exibility and precision in

crafting their narratives.

These themes are not isolated but interconnected within the studio's overall pipeline.

The accurate capture and representation of illumination and scene structure lay the foundation

2



for more advanced applications, such as 3D reconstruction and mixed-reality environments.

By integrating these elements, the studio setup aspires to create a full 3D representation of

scenes using a single camera, enhancing the scope and quality of both traditional �lmmaking

and emerging mediums like virtual and augmented reality.

1.1 Topics in this Thesis

This thesis contributes to the foundation of a practical Computational Photography Research

Studio aimed at bridging the gap between technical research and creative production. We

focus on three main aspects: studio setup, data capture and processing, and automatic green

screen keying. Each part of the thesis addresses speci�c challenges and proposes solutions

that enhance both production e�ciency and research capabilities.

1.1.1 Studio Setup

In Chapter 2, we explore the process of setting up a versatile studio environment. The

chapter begins with a detailed discussion on the selection and practical positioning of the

appropriate green screen, cameras, lenses, lighting equipment, and audio devices, taking

into account the trade-o�s and considerations essential for both research and production

purposes in our studio environment. We introduce fundamental concepts such as image

formation, camera lens �eld of view (FOV), the exposure triangle, and white balance and

how these concepts a�ect the quality of captured data.

A critical aspect of our setup is the choice of audio devices, which are carefully selected

to ensure high-�delity sound recording that matches the visual quality of the video. We

discuss the criteria for selecting microphones and audio interfaces, including considerations

such as frequency response, dynamic range, and placement within the studio to minimize

noise and ensure clear audio capture.

We also discuss the importance of timecode in maintaining temporal coherence across

multiple video recordings. We explore the various considerations involved in selecting an

appropriate timecode generation method, including the accuracy required for synchronization,

compatibility with di�erent camera systems, and the potential challenges in a production

environment. Given the need for a setup that is both compact and portable, as well as

user-friendly for non-technical experts, we explore the available timecode generator device

that prioritizes these aspects.

Furthermore, we explore storage solutions, particularly the use of SD cards for capturing

and storing high-resolution video and audio data, and discuss con�guration settings that

optimize both performance and work�ow e�ciency.

3



1.1.2 Capture and Data Processing

Chapter 3 focuses on the procedures and methodologies we employ during data capture and

processing. This chapter outlines our systematic approach to capturing high-quality data,

starting with the synchronization of timecodes across all cameras. We detail the calibration

process, where each camera is exposed to a calibration pattern from various orientations,

ensuring precise camera calibration.

One bottleneck in our work�ow is the transfer of large video �les from the camera

SD cards to the studio's storage server. We address this challenge by exploring various

data transfer techniques and optimizing the process to minimize delays. Furthermore, this

chapter discusses our approach to encoding video �les, striking a balance between �le size

and quality. We provide a comprehensive analysis of camera parameters obtained through

calibration and propose an optimal calibration process to achieve an e�cient multi-camera

calibration system with low reprojection error.

1.1.3 Green Screen Keying and Image Matting

In Chapter 4, we turn our attention to background matting techniques, with a focus on

green screen keying and extending these techniques to video processing. This chapter begins

with a review of current approaches to green screen keying, highlighting their limitations,

especially regarding resolution and temporal coherence.

We then introduce our pipeline for achieving high-resolution green screen keying, which

incorporates temporal supervision to maintain consistency across video frames. The chapter

provides an in-depth discussion of the details of the implementation, including the algorithms

and system design for e�cient inference of our high-resolution studio data. We rigorously

compare our approach to existing methods and commercial software, demonstrating signi�cant

improvements in both quality and temporal coherence.

1.2 Summary

Together, these chapters establish a collaborative and adaptable studio environment that

is not only technically robust but also creatively empowering. By integrating AI research

with production techniques, we aim to create a studio setup that serves as a versatile tool

for both researchers and �lmmakers. This thesis o�ers a comprehensive guide to setting up

such a studio, providing detailed insights into the challenges and solutions encountered.
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