Character Lighting Pipeline in 360º Live Action VR Video Using Relighting
Kwangho Baek, Ji Yun, Taesoo Yun
Department of Visual Contents, Division of Digital Contents

Graduate School of Dongseo University, Dongseo University

Busan, South Korea

onejatan@gmail.com, Jiyunmyself@naver.com, yntaesoo@gmail.com  
Abstract
 Launching of various VR equipment and VR- platforms has led to much interest in live action  VR contents. Various aspects of live action VR have been conducted so far. However, it is still the case that the limitation of filming environment exposure in 360o filming has not been overcome; content production takes place with the bare minimum of shooting conditions. The miniaturization of shooting equipment has affected lighting equipment; and the limited lighting equipment, which should reflect the mood of scenes and the character’s psychology, has its impact on the quality of content produced.

This paper presents a way of using relighting, a method used in video post-production, in live action VR so that lighting effects can be achieved in live action VR post production. The goal is to enhance the quality of contents production. 
Virtual reality; VR Contents; Post-production; Relighting; (key words)

I. Introduction
The worldwide trend in contents is towards experience contents such as VR. The introduction of VR display equipment like Oculus Rift and GearVR, shooting equipment like Gear360, Richo theta, LG360 VR has led the public at large to take an interest in VR and made VR accessible to them. YouTube and Facebook have also presented their VR platform, pointing to the potential of VR as next-generation content. In 2016, the 21st Busan International Film Festival hosted an international forum on VR, reflecting the industry’s high interest in VR. Large studios have already formed VR production teams.  
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Fig. 1 YouTube VR & Facebook VR
Live action VR production requires 360o filming, which poses many limitations when existing content production techniques are used. Some of these limitations include issues with stitching, color synchronization between cameras, exposure of shooting environment. The resultant limitation in the quality of finished movies may reduce consumer satisfaction and in turn present a gloomy future for VR content industry itself. 

Currently, the exposure of filming environment has a direct impact on the quality of live action VR content. This prevents viewers from immersing themselves into VR contents, consequently lowering the quality of content. Thus securing adequate shooting conditions (exposure) has a decisive bearing on the quality of the movie produced. 
Lighting, a key element of filming environment, is an important device which delivers the texture of objects, inner emotions of characters and the mood of scenes. But in 360o filming, lighting equipment is exposed, causing issues with live action VR content production. 
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Fig. 2 Lighting for mood expression
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Fig. 5 (L)High-key light (R)Low-key light
This paper thus aims to use relighting, a method used in post-production for films and animations, in VR content production to resolve the issue of character lighting. Relighting can be used in 3D production tool as rendered multipass; but with live action video, there is no multipass for relighting. Hence this paper seeks to use depth map resulting from binocular disparity in order to create virtual model and lighting environment. And then this is presented as a live action VR content production pipeline with character lighting. 
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Fig. 3 VR Production Pipeline
II. Real-Image VR Production Pipeline 
Live action VR production consists of 7 steps at large. First, VR rig is used for 360o filming. Here, the number of cameras determine the number of sources.

 Then, filmed sources are rough stitched using stitching tool into a single VR image. There will be disparity where different sources are stitched, and colour inconsistency will be visible. This calls for colour matching and resolving disparity along stiches; final stitching thus finishes the VR image.
III. Lighting for Character Expression
Lighting refers to the control of light. By controlling the intensity and height of light, it is possible to express the emotions and mood of characters in what is called inner mind expression or the psychological function of lighting. 
 In order to express the mind of characters and the mood of a scene, different lightings are used such as high-key, low-key, high-angle, low-angle; they are used in combination.

 High-key lighting creates a bright mood, slow falloff look regardless of the location or intensity of main light sources. High-key is used for creating a bright feel in general.
 Low-key lighting uses exposure to low intensity light and selectively applies fast falloff. By leaving the background and parts of a scene dark, this expresses negative emotions such as anxiety. 
 High-angle and low-angle lightings refer to the height of key-light. High-angle is when the light is higher than the object or at the same height; low-angle is when the light is lower than the lighted object. Human experience tends to take the Sun as a natural key-light, meaning that downward shadow is what looks natural to our eyes. Thus for expressions of normality, high-angle is used.

 Low-angle is used to reverse the location of shadow, distorting the personality and credibility of characters for viewers. Such diverse lighting is a device which delivers the mood of a scene, psychology of characters and the message from the director. 
TABLE I

Experiment Conditions
	Equipment
	Specifications

	VR Cam
	Gopro hero 4 Black

	VR Rig
	Gopro 360 Heros 3DH3Pro 12

	Film Format
	2704 X 2028 30fps

	Composite Tool
	Nuke X 10.0

	Stitching Tool
	CARA VR


IV. VR Lighting using Relighting method
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Fig. 4 (L)Rough stitching (R)Final stitching
Currently available equipment such as Gear360, Richo theta, LG360VR are 2channel equipment. But films shot using 2channel VR rig cannot function as stereoscopic content. Gopro 360 Heros 2DH3Pro12 used in this experiment uses 12 6channel cameras, each cannel producing stereoscopic image. Pipeline proposed by this study is as in Fig. 6.
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Fig. 6 VR Production Pipeline Using Relighting 
Stereoscopic image shot using VR rig shows disparity which is visualized in disparity map. This disparity map can be converted into depth map using post-production techniques; depth map is then converted into RGB information to be used as displacement map. 
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Fig. 7 (L)Original Image (C)Disparity map (R)Depth map
TABLE 2

Lighting Scope for Relighting
	
	Image
	Light Area

	Original
	[image: image11.jpg]



	[image: image12.jpg]




	High-Angle
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	High-Key
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	Low-Angle
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	Low-Key
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3D working environment is established to create plane model. Applying depth map to the plane model as displacement map produces a virtual model. Here, the number of mesh in the plane model determines the quality of virtual model. However, a large number of mesh lowers the processing speed. The number of mesh in the plane model in this experiment was 100. 

 Shader is applied on object and virtual lights are installed as per directorial intention to get desired texture and lighting. Shader adjusts the scope of lighting such as diffuse and specular so as to vary the area of lighting influence on characters.

 Normal composite derives diffuse image and specular image in order to express the texture of lighted characters. This experiment used shader not to express the texture of lighted character, bur rather to show the scope and shape of lighting effect. Hence rendered multipass only provides information on the scope of light effect. 
Usually when compositing multipass, diffuse image and specular image are composited in screen mode. However, if the live action image and multipass used in this experiment were to be composited in screen mode, the detailed texture of characters and the color saturation of the original image will be lost. Thus rather than using direct composite, grading the scope of lighting with multipass allows lighting which preserves the original texture and saturation.

Adjusting exposure, gain and gamma values can adjust the intensity of lighting. RGB values can be adjusted to direct lighting temperature.   
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Fig. 8 (L)Virtual Model (C)Shading&Light (R)Color Grade
Then, the video derived from the pipeline suggested in this paper is stitched to produce the final VR production. Original source is in 2K format, whereas the final product after stitching is reprocessed into 4K, 6K, 8K formats. Hence applying proposed lighting pipeline after stitching increases data load and production time, thus reducing efficiency. 
V. Conclusion
The content trend toward VR content had seen an increase in VR contents in all fields. However, the production of live action VR contents suffers from the limitation of shooting  environment exposure. In particular, lighting, which is critical for expressing the mood of the scene and the psychology of characters, has a direct impact on the quality of contents. 

This paper therefore proposes a VR production pipeline which applies relighting method, used in film and animation post-production, in order to overcome the limitation of lighting in live action VR production.

The outcome of experiment as per proposed pipeline is as shown in Table 2. The gamma value of the final product was lowered to 0.2 to show the area of lighting effect and verify the validity of the experiment.

This pipeline can be used to derive products as in Fig. 9 to verify its validity as a VR production pipeline.  
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Fig. 9 (L) Before Relighting (R) After Relighting
The pipeline proposed in this paper can be used as an alternative to overcome the limitation of lighting in live action VR content production. However, as the filmed data has 8-bit color space, the limits of color grading, as well as the impact of environmental light in filming scenes and the difficulties with 2channel VR rig, will need to be addressed. 
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