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Sammanfattning 
Utförandet av detta examensarbete baserades på en primär frågeställning, samt 
tre ytterligare sekundära frågor: 
 

Primär frågeställning: 
- Kan man med hjälp av befintlig utrustning på universitetet ta fram en 

modell  för att previsualisera datorgenererad grafik i real-tid vid en 
inspelning? 

 
Sekundära frågeställningar: 
- Kommer det gå att synka bild från webcamera med fångade rörelser från 

HTC Vive och få ett godtagbart resultat från spelmotorn med befintlig 
utrustning? 

- Kan man använda resultatet som ett verktyg för utbildningen Datorgrafik 
på LTU? 

- Hur mycket kontroll för den förhandsvisade grafiken går att uppnå i real-
tid? 

 
Syftet med rapporten är att framställa och bepröva en prototyp av en produkt för 
att kunna förhandsvisa datorgenererad grafik i real-tid, med befintlig utrustning. 
 
Metoden utövades med en dator, web kamera, HTC Vive och en green screen.  
Genom att använda spelmotorn Unity knöts utrustningen samman för att 
resultera i en prototyp som  i real-tid fångar kamerans rörelser, ersätter färgad 
bakgrund och kan manipuleras direkt vid inspelning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Abstract 
The execution of this thesis was based on one primare question and three 
secondary questions: 
 

Primary question at issue: 
- Is it possible to develop a system to previsualize computer generated 

graphics in real-time on a film set with available equipment on the 
university? 

 
Secondary questions at issue: 
- Is it possible to sync the camera feed with the motions of the HTC Vive to get 

an acceptable result in the game engine with existing equipment? 
- Will the result be able to be integrated with the Computer Graphics 

programme at LTU? 
- How much access to control and manipulate the previsualized computer 

generated graphics, while filming can be achieved? 
 
The purpose of this report is to try a method with the available equipment, to 
produce a prototype of a tool to previsualize computer generated graphics in 
real-time. 
 
The equipment used for the method was a computer, web camera, HTC Vive and 
a green screen. All the equipment was linked together with the game engine 
Unity. This resulted in a prototype of a tool that in real-time can mimic the 
motions of the camera, replace colored background and has the feature of real-
time scene editing, as the previsualization runs. 
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1 Opening 
 

1.1 Introduction 
This thesis was executed at Luleå University of technology under supervision of 
Arash Vahdat. I got the proposion to do this thesis with the focus of developing a 
method for previsualize computer generated graphics in real-time on a filmset. 
 

1.2 Background and description 
The process of producing VFX heavy movies are often limited by tight budgets 
and time limitations. It’s common that companies choose to film in greenscreen 
studios, rather than filming on real locations. The reason for this is because 
recording on real locations are often more expensive and sometimes impossible. 
The desired scenery could for example be dangerous or impossible to reach for a 
film team or in some cases not exist. Instead of traveling to London, New York 
and then a jungle with a film team, you could instead record everything in a 
greenscreen studio in a fraction of the time and effort.1 
 
Production in greenscreen studios are not an easy task to manage. Actors have to 
interact with environments and computer generated characters that doesn’t 
exist. It could take a great amount of time before issues of the filmed material 
will be noticed. If the captured video material got problems, it’s possible that the 
entire film team have return to the set and redo the shots, alternative do a work-
around in the VFX production. Both alternatives exceed the budget and are time 
that could be spent on more important tasks. 
 
By integrating technique for previsualization of computer generated materials 
directly on the filmset, we could get instant feedback of the quality of the 
integration between the actors and the environments. 
 

1.3 Questions at issue 
Primary question at issue: 

- Is it possible to develop a system to previsualize computer generated 
graphics in real-time on a film set with available equipment on the 
university? 

 
Secondary questions at issue: 

- Is it possible to sync the camera feed with the motions of the HTC Vive to get 
an acceptable result in the game engine with existing equipment? 

- Will the result be able to be integrated with the Computer Graphics 
programme at LTU? 

- How much access to control and manipulate the previsualized computer 
generated graphics, while filming can be achieved? 

                                                        
1 Bloom, G (2014) "Virtual Reality -- How The Metaverse Will Change Filmmaking | George Bloom | 
Tedxhollywood". YouTube. 
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1.4 Purpose 
The purpose of this thesis is to generate a proof of concept prototype of a 
method to previsualize computer generated graphics in real-time on set.  
The prototype should be able to synchronize the connected components and the 
product should be easy to manage and edit for the users. I will approach this task 
by research, data collections and using available equipment at LTU. 
 
The result of this thesis will lay the foundations for further development for a 
fully functional system, that later could be used as an educational tool for the 
Computer Graphic students at Technical University of Luleå.  

1.5 Limitations 
The ambition is not to produce a completed functional system for previsualizing 
computer generated graphics in real time, due to the purpose of generating a 
proof of concept.  
 

- I won’t invest- or use external equipment or softwares than I can aquire 
from the university.  

 
- I will analyze the method and result from a technical point of view, 

therefore I won’t spend time on the artistic result. I won’t take 
consideration of matching light and color of the filmed- and the 
computergenerated material. 

 
- I will not consider to capture- and manage Z-Depth images to define 

depth. 
 

The limitations are stated due to the purpose of generating a proof of concept of 
a product. External equipment, graphics and fun featueres are therefore 
irellevant. 

2 Theory 
To be able to execute the method of this thesis, we need to achieve a theoretical 
understanding of the required technology and components. The following steps 
in the theory are based of data collections and information from literature, 
observations and interviews. 

2.1 On-set previsualization 
On-set previsualization describes the method of previsualizing computer 
generated graphics in real-time (or near real-time) on a film set.  
This can be managed by synchronizing and composite live photography with 
computer generated graphics with techniques that support real-time rendering. 
A director, visual effects supervisor and the rest of the film crew can use this 
technique to achieve instant feedback and evaluate the captured imagery 
directly on the film set.2 
 

                                                        
2 Zwerman, S.,   Okun A, J.  (2010) “The VES Handbook of Visual Effects”. P. 55. Elsevier 
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I’ve constructed a pipeline to visualize and support my descriptions through this 
thesis. The pipeline contains three mayor steps, as described in the image below.  
 

 
2.1 Illustration of the used pipeline 

By breaking down the pipeline with consideration of the questions- and purpose 
of this thesis, we get three new main questions that needs to be explained in the 
theory. The new three questions presented under the headlines below. 

2.2 Real-time 
Real-time are the description of processing data in a way that the output result 
appears to be instantaneous, or very close to.  
To be able to previsualize computer generated graphics in real-time on a film set, 
the data requires to deliver a rendered output, as close to real-time as possible. 3 
Unity is a popular game engine developed by Unity Technologies. The game 
engine is designed to process and render graphics in real-time for both games 
and applications. This game engine is a powerful and flexible tool to create 
applications. Unity doesn’t have much features to apply by just a click. To be able 
to create games or applications, some scripting knowledge is required.4 C# is a 
scripting language developed by Microsoft which are type-safe and object-
oriented that are used to build games, tools and applications. 5 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
3 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 661. Elsevier 
4 Unity Technologies (2017) "Creating Gameplay". Docs.unity3d.com 
5 Microsoft docs (2017) “C# programming guide”. Microsoft 
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2.3 Motion Capture 
Motion capture are used to record and transfer real motion into data.  
The captured motion data can later be reconstructed in a digital 3D environment 
to control computer generated objects and characters over time.6 
 
HTC Vive is a Virtual Reality system developed by HTC and Valve Corporation. 
The base basic package of HTC Vive contains two base stations (optical motion 
tracking devices), two wireless handcontrollers and a virtual reality headset. The 
system uses the two base stations that emits infra red light pulses to record 
motions of the headset and the hand controllers with a millimeter precision. The 
motiontracked data gets synced in real-time and can be used to control games 
and applications.  
 
The base stations of HTC Vive emits infra red pulses, both the hand controller 
and headsets got sensors that receives the infrared light. 
By receiving the infra red pulses from the base stations, the computer calculates 
position and orientation relative to the base stations into a digital three-
dimensional space in real-time.7  
Steam VR is an application developed by Valve Corporation, the application is 
integrated with the entertainment platform Steam with the main function to run 
virtual reality games and applications with the HTC Vive.  
Steam VR can be downloaded as a plugin to Unity for game and application 
development.8 
 
 

 
 
 
 
 
 
 
 
                                                        
6 Organic motion (2017) "Motion Capture Software and Mocap Tracking Info". Organicmotion.com 
7 Yates, A. (2015) “SteamVR's "Lighthouse" for Virtual Reality and Beyond”. Youtube 
8 Valve Corporation (2017) “SteamVR Plugin”. Unity 
 

2.1 <Fig Text> 2.2 Image of the base components of the HTC Vive 
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2.4 Managing web camera images 
To integrate and display the connected web camera, a class within Unity named 
webCamTexture is needed. As the name explains, the connected web camera gets 
visualized as a texture.9 
 
A method called keying is needed to extract and replace the background. Keying 
is the general description of the methods of extracting the background of an 
object with the intention of replacing it.10 This can be done by several types 
mathematical algorithms, depending of requested result. The algorithms 
generate a mask that is used to describe the opacity of an image.  
    A mask is also known as matte and alpha channel, the mask is represented as a 
grayscale image. The whites of the grayscale are used to represent the visibility 
in a scale of 0 to 1. The scale describes the percentage of the visibility where 0 
equals a solid black color and 1 describes the absolute white. A mathematical 
algorithm is needed to extract and replace the background that are definined by 
the mask. The algorithm makes the absolute black values completely transparent 
and the absolute whites of the image will stay completely visible, everything 
within the scale of black and white gets percentually transparent based on its 
value. 11 

 
2.3 Illustration of the algorithm that uses the mask to replace the background of a image.  

To be able to key out the colored background and extract a mask, a technique 
named chroma keying is used. This is technique used to key images, based on the 
specified color. 12This is possible by using algorithms to isolate and extracting 
colordifferences within images.13A chroma screen with chrominace color (single 
colored) is commonly used as a background when filming with the intention of 
being chroma keyed. The chroma screen is also know as a blue- or green screen 
due to its color specifications.14 
 
 
 
 
 
 
 
 
 

                                                        
9 Unity Technologies (2017) "Unity - Scripting API: Webcamtexture". Docs.unity3d.com 
10 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 652. Elsevier 
11 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 154-156. Elsevier 
12 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 210. Elsevier 
13 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 652. Elsevier 
14 Wright, S. (2013) “Digital compositing for film and video, third edition”. P. 447. Focal Press 
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Pixels and color 
Digital images are built up by an array of pixels, each pixel are represented and 
visualized with the color space RGB (red, green and blue). The RGB colorspace 
are adaptive, by combining different colorvalues it is possible to achieve any 
desired color. 15 
 

 
2.4  Red channel + Green channel + Blue Channel = Output result 

YCrCb is a variety of the color representation YUV that is a common way to deal 
with video technologies. The YUV colorspace can be generated by converting the 
RGB color space. The letter Y represents luminance, U and V is used to describe 
chromincance values. Both the U and V are individually representing a 
combination of hue and saturation value, which is a complex but effective way to 
deal with colors. The colors of YUV can be represented in a three dimensional 
space. By applying the knowledge of YUV, it will be easier to understand YCrCb. 
By defining the chrominance of U and V with Cr(Chrominance red) and 
Cb(Chrominance blue), a result of YCrCb is introduced. By converting RGB colors 
into YCbCr, a new way to isolate and chroma key specific colors is introduced.16 
 

 
2.5 Illustration of the YUV color representation with  
a luminance value of 50%. 

 
 
 

                                                        
15 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 55-57. Elsevier 
16 Brinkmann, R. (2008) “The Art and Science of Digital Compositing”. P. 77. Elsevier 
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3 Method 

3.1 Data collection 
The data collections were executed by collecting papers as references and by 
decomposing the methods that large VFX studios use to solve similar projects. 
Discussions of potential usabilities, expectations and evaluations of method were 
made with collegues. The collected knowledge was evaluated and used to 
assemble and examinate similar equipment from the LTU’s inventory.  
 
With the collected data I summarized which fundamental components and 
features that are required and how they should be measured and evaluated:  
 

- Real-time Motion capture system 
- Web camera 
- Computer 
- Game engine 
- Ability to chroma key- and replace the background 
- Synchronization between the web camera and the motion captured data 

 
The listed components and features needs to be connected and managed within 
one application. The application is the game engine Unity, due to its diversity of 
functions and the local support from collegues at LTU. 
  
 The chroma keying tests will be compared with the expected quality of 

Primatte. Primatte is an offline rendering method used to chroma key and 
extract high quality mattes.17  

 The delay of the web camera will be measured by filming the computer 
monitor while a stopwatch is running. It will be calculated from capturing the 
output of the web camera together with the actual time of the stopwatch.  
The tracked motion data of HTC Vive gives instant visual feedback and does 
not need to be measured.   

Educational requirements 
To be able to reach the requirements for educational use the system needs to be 
userfriendly with editable scene management, synchronize web camera with 
motion capture data with an acceptable delay. The chroma keyer needs to be 
userfriendly and extract mattes from a wide variety of chroma screen conditions.  
 
 
 
 
 
 
 
 

                                                        
17 User guide - Nuke (2017) ”Explanation of How Primatte Works”. The foundry 
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Compared hardwares 
The two available motion capture systems at LTU were Qualisys and HTC Vive. 

 Qualisys18 HTC Vive19 
Sensors Infra red cameras Accelerometer, gyroscope, 

Lighthouse laser tracking 
system.20 

Update rate 400Hz Unknown 
Margin of error 0.4mm  Unknown 
Numer of cameras 8 2 
Support for real-time Expensive third party 

softwares are required. 
Yes 

Tracking area 2m x 2m Minimum: 2m x 1.5m 
Max: 5m between each 
camera 

Setup time  4h 20min 
1. Listed comparisons of relevant data between Qualisys and HTC Vive 

 
The two available web cameras were QuickCam Orbit AF and Iphone 6s. 

 QuickCam Orbit AF21 Iphone 6s22 
Resolution 1280x720 1280x720 
Frame Rate 30 FPS 30 FPS 
Megapixels 2MP 12MP 
Connection Type High Speed USB 2.0, UVC Wifi 

2. Listed comparisons of relevant data between QuickCam Orbit AF and Iphone 6s. 

The HTC Vive got support for connection of real-time softwares and have a low 
setup time, Qualisys does not and got excluded from the execution of the method. 
 
The QuickCam Orbit AF webcamera outputs low quality images with almost no 
delay. The low quality images of the QuickCam Orbit AF got a lot of grain and are 
very light sensitive, which makes the chroma keying process difficult to manage.  
      The iphone 6s camera uses wireless connection to output high quality images.  
The high qualiy images from the Iphone 6s are more managementable to chroma 
key due to low amount of grain, but it relies on the wireless internet connection. 
I choose to use the Iphone 6s camera due to the quality of the images. 
 
 
 
 
 
 
 
 
                                                        
18 The specifications listed for the Qualisys motion tracking system are based on the settings and 
conditions of the setup used at LTU. More information of Qualisys full potential can be found at  
Qualisys (2017) “Oqus”. Qualisys   
19 Steam VR support (2017) “HTC Vive Pre: Installation Guide”. Steam 
20 Zhu, Y., Zhu, K., Fu, Q., Chen, X., Gong, H., Yu, J (2016) “SAVE: Shared Augmented Virtual 
Environmentfor Real-Time Mixed Reality Applications”. P. 14. ACM New York, NY, USA ©2016 
21 QuickCam® Orbit AF – Logitech Support (2017) “Specifications”. Logitech 
22 Apple (2017) “iPhone 6s specs”. Apple 
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3.2 Method 
The method is represented in three mayor steps, who all needs a bridge to be 
connected. Down bellow you can follow step by step how the practical tests was 
performed.  
 

 
3.1 Illustration of the three mayor steps of the pipeline. 

3.2.1 Step 1: Hardware and setup 
The hardwares that was used to execute the method: 

• HP workstation 
• HTC Vive  

o Two Base Stations 
o One handcontroller 

• Webcamera 
o Iphone 6s 

 30 frames per second 
 1280x720 resolution 
 Wifi connection 

 

 
3.2 Illustration of which part of the pipeline that are being handled. 
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Callibration of HTC Vive 
To use the HTC Vive, the hardware needs to be calibrated with the software. 
The first time the Steam VR application runs, an option to calibrate the system is 
offered. Two choices are given by running the callibration, to set up- for room 
scale or for standing only. 
A calibration of the system was executed, to be able to take maximum use of the 
available space. The calibration after that point is easy to follow through due to 
the good step by step descriptions within the software.    
 

 
3.3 Demonstrational image of the HTC Vive calibration. 

Camerarig 
To track a camera, only one HTC Vive controller is needed to transfer translation 
and rotations into the virtual 3D scene. The handcontroller for HTC Vive are then 
attached with a web camera to get a relative motion of the images with the 
transformations of the tracked hand controller. 
 

 
3.4 Demonstration of the camerarig. 
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3.5 Illustration of the hardware setup.  

Chroma screen och lighting 
The environment for setting up the green screen and running the test was a 
small office with bad light conditions. The green screen had wrinkles, that 
generated a non-optimal chroma keying condition.  
The choice of the scenery and lightsetting was to get a better understanding of 
the limitations of the used chroma keying method. 
 

 
3.6 Image that demonstrates the used setup 
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3.2.2 Connecting step 1 and 2 
When the hardwares are prepared, the captured data from the HTC Vive and the 
webcamera needs to be connected and displayed within the game engine. At this 
stage the method of connecting these will be demonstrated. 
 

 
3.7 Illustration of which part of the pipeline that are being handled. 

Softwares 
The softwares that was used to execute my tests were the following: 

• Web Camera Drivers 
o E2eSoft iVCam 

 Webcam software for Iphone 
• HTC Vive Drivers 
• Steam VR 
• Unity 5.5.0f3 Personal (64bit) 
• Unity Steam VR plugin 
• Visual Studios 

Implementing camera feed into game engine 
The method used to visualize the camera within Unity was to create a new 
material by creating a webCamTexture and applying it to a material.  

 
Firstly, by creating a UI game object called RawImage plane to feed the webcam 
images to. In the next step, a new material and a C# script were created. Within 
the C# Script, a class within Unity was called, named webCamTexture, which 
checks if the computer is connected with a web camera. If the script finds a 
connected web camera it feeds the images as a texture on the material. By 
applying both the material and the C# Script to the RawImage, the web camera 
will be feeding into the plane.  
A newly generated material does by default have shading properties such as 
albedo, light and so on. It is important that all the shading properties that receive 
lights from the rest of the scene are disabled. 
 
When the web camera is fully integrated with the Unity scene, parent the camera 
to the RawImage plane and translate, rotate and scale it accordingly to cover the 
view frustrum of the camera.  
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3.8  Demonstration of the RawImage and the parented camera.  

3.2.3 Step 2: Game engine 
This stage describes the method of chroma keying, camera tracking and the 
implemention of computer generated graphics.  
 

 
3.9 Illustration of which part of the pipeline that are being handled. 

Chroma key 
To be able to apply a chroma key tool, a new shader script were applied to the 
previously created webCamTexture material. 
The method used to remove the backround is done in the following steps. 
First the RGB colorspace of the webCamTexture and the chroma keyer was 
converted into YCrCb color space. The method proceeded by calculating a value 
for interpolation, with the help of the Cr and Cb values, both from the mask and 
the texture. To execute the interpolation, a mathematical operation named 
Hermite interpolation was used between the two values.23  
 
By applying colorselection, threshold sensitivity and smoothing in the interface 
for the shader, additional control for picking desired color is applied.  
To achieve transparency, a color value needs to be selected together with an 
activation of alpha blending. The selected color value gets defined as the 
background, all the excluded colors defines as the foreground. The activated 
alpha blending calculates the color values and makes the defined background 
transparent. 

                                                        
23 Khronos (2014) “Smoothstep - perform Hermite interpolation between two values”. Khronos 
Group 
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The threshold sensitivity extends the color range for the selected colors, which 
helps to mask out highlights and shadows of of the chroma screen. By adjusting 
the smoothing, the foreground blends with the chroma keyed background with 
finer edges. 
 

 
3.10 Illustration of the user interface of the chroma keyer tool. 

Camera Tracking 
To connect the HTC Vive tracking data with Unity we need to locate the plugin 
Steam VR from the Unity asset store and apply it into the scene.  
The plugin contains a Camera rig that includes left and right controller and a 
camera for the HTC Vive headset. In this case, only an integration of one of the 
hand controllers have to be included with the scene, instead of the complete 
camera rig.  
 
The previously created camera hierarchy were assigned as a child of choosen 
controller, the relative translation and rotation of the HTC Vive control is 
obtained and controlls the previously created camera hiearachy. By now, the 
transfer and the trackade data of the controller have succeeded to to send 
translations accordingly to the live streaming web camera in my Unity scene.  
 

 
3.11 Demonstration of the hieararchy 

Graphics 
A 3D scene of one of the offices at LTU was implemented into the scene. The 
scenes scale matches the scale of the real office, which makes it a good subject 
for excecuting tests of the previous steps. 
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3.12 Top view illustration of the used computer generated graphics. 

3.2.4 Part 3: Outputting the result 
When everything is set within the game engine and running, the output needs to 
be connected with external monitors to enable screening for the 
cinematographer and other spectators. 

 
3.13 Illustration of which part of the pipeline that are being handled. 

3.3 Critique of method 
The execution of the method could have proceeded with a more diversity of 
approaches. The performance of the method could be significantly improved by 
not being limited to the equipment acquired from LTU.  
 
The fully potential and quality of the scripting were not completely achieved 
with this method, due to poor knowledge of the scripting language C#.  
 
The method should have been tested and executed in a real green- or blue screen 
studio with proper light conditions. A chroma screen studio would challenge the 
product in realistic production circumstances. 
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4 Result 

Educational requirements 
To be able to reach the requirements for educational use, the system needs to be: 

- Userfriendly with editable scene management 
- Stabile synchronization between the web camera imagery and motion 

capture data 
- Userfriendly and accurate chroma keyer  

4.1 Userfriendly with editable scene management 
It is possible to implement and delete new objects and translate, rotate and scale 
everything within the project while executing the previsualization.  
As the previsualization runs, no saves of the scene can be done. All changes to the 
scene gets discarded and returns to last know state after turning off the 
previsualization. 
 

 
4.1 Demonstration of scenemanipulation while executing the previsualization  

It is possible to display and manage the computer generated scene in real-time 
on additional monitors. This gives control to the production team to control the 
computer generated background on one monitor as the previsualization result 
are shown on external screens. 
 

 
4.2 Demonstration of the output 
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4.2 Synchronization 
The Camera got a delay of 0.21 seconds before being displayed in the game 
engine. 
 

 
4.3 Demonstration of the delay between the camera and game engine. 

Due to the delay of the data from the webcamera and the instantaneous data 
transfer of the HTC Vive, a disconnect of the synchronication of the two 
components is introduced. The unsynchronization of the two components 
visually noticeable as the previsualization runs. 

4.3 Chroma key 
The result of the method of masking a chroma screen resulted in a userfriendly 
chroma keying tool within a shader that can mask out selected color, adjusting 
the threshold sensitivity and smoothing the edges of the mask. 
 

 
4.4 Result of chroma keyer tool 
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The tests were executed towards a poorly lit greenscreen with multiple visible 
folds, the result turned out as shown in the images below. 
 

 
4.5 Demonstration of the chroma key  

 
4.6 Close-up, comparing the result with the offline chroma keyer Primatte. 

5 Discussion 
This thesis succedeed to develop a prototype for previsualizing computer 
generated graphics in real-time, with the available equipment and therefore 
succeeded to answer the main question.  
 
As demonstrated in the result, the camera feed and motions from the HTC vive 
are not synchronized with an offset of 0.21 seconds with the current camera set 
up. This is due to the amount of data from the 720 resolution images at 30 
frames per second, that has to be transferred through the wifi. The delay and 
disconnect of the synchronization can be questioned, is it still defined as real-
time?  
 
The result of the chroma key turned out better than expected, due to the result of 
a poorly lit- and wrinkled green screen. By analyzing the result of the close-up of 
the edges, the chroma key generates hard and grainy edges, even though 
smoothing of the interpolation is enabled. With the current setup, no tools for 
removing color spills from the chroma screen are implemented.  
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5.1 Demonstration of the result of the chroma keyer 

The result of the chroma keyer compared with the offline method Primatte can 
visually be seen at figure 5.2. The edges of Primatte generates a smoother result 
with more details, can be distinctly seen at the hair. The used real-time chroma 
keyer method have green color spill from the background, mainly found on the 
edges. The Primatte takes consideration of the green color spill and removes it 
from the foreground. The intention of generating a complementary tool for the 
VFX pipeline makes the green color spill acceptable. The hard and grainy edges 
are hard to notice in a 720 resolution, although it could be reduced with further 
work. 
 

 
5.2 Close-up, comparing the result with the offline chroma keyer Primatte. 

It is possible to manipulate and control the computer generated scene as the 
previsualization are running. As mentioned in the result, Unity will reset the 
changes to last know state, when ending the execution of previsualization.  
 
With this setup, a proof of concept of a product is attained that can previsualize 
computer generated graphics in real-time and be modified at the same time. 
With the feature of real-time manipulation, the previsualization can be displayed 
on additional monitors.  
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5.3 Demonstration of the output 

 

Ready for production? 
Based on the result, this thesis managed to reach purpose generating a proof of 
concept of the product.  
 
To implement this system in educational projects, more work is required to 
achieve good synchonisation quality. The areas that requires further 
improvement are listed below. 
 

- Synchronization between the captured HTC Vive motion data and camera. 
 

- Further research and tests is required to find a camera that captures high 
quality images with a minimum data transfer delay. 
 

- Make the application more userfriendly with more scene editing control 
by counteract the discarding of the edited scene. 
 

- Match the scale of the computer generated scene to the real world, 
making all measurements 1:1.  
 

- Applying Z-depth solutions for more accurate placement of the filmed 
material in the computer generated world. 
 

Using this tool in educational manners should not replace or affect current 
assignments and pipelines within the courses of computer graphics at LTU. This 
system got potential to be an additional tool for educational based projects for 
the students that would like to expand their production pipelines. 
Further evaluations is required for the educational usability when the quality of 
the product are more accurate and userfriendly. 
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6 Conclusions 
A lot of inspiration and comparisons towards the system that Stiller Studios uses 
has been evaluated during the work of this thesis. Stiller Studios is the most 
advanced and leading VFX studio within the business of visualization of 
computer generated graphics in real-time, directly on the film set.  
 
The difference between the result of this thesis and the tools Stiller Studios is 
mainly the quality of the equipment, the accurate performance and the quality 
output results. The tools that they use does not just deliver previsualizations, it 
got the ability to deliver production ready images and even process the entire 
VFX pipeline in real-time.  
 
With the current equipment used for this thesis, it’s impossible to achieve the 
same accuracy and quality as Stiller Studios. The tool that this thesis generated 
got huge potential for further development, before being integrated as a tool for 
the computer graphics students at LTU. 

6.1 Future improvements 

Synchronization 
The most critical part that needs further work is to synchronize the camera 
images with the tracked camera motions. My hypothesis of a solution is to aquire 
a better web camera with less data transfering delay.  

Chroma key 
The result of the chroma keyer gives hard and grainy edges which could be 
reduced with further work. The product does at the moment take consideration 
of the color spill. By implementing a tool to remove or change the color spills 
would improve the overall output quality of the previsualization.  

Manipulation of the scenery 
The feature of manipulating the scene within the game engine is by the moment 
reseting all changes to last known state, when ending the execution of the 
previsualization. For further development, the modification of the 3D scene 
should be saved as the previsualizations runs. 

Z-Depth 
The proof of concept product that this thesis developed does not take 
consideration of the depth between the actors and the rest of the scene.  
At the current stat of the project, computer generated graphics can only be 
visualized as a background of the actor. By applying a method to define the depth 
of the actor, it is possible to generate graphics in the foreground. This means that 
the actor can be placed within a scene, instead of being displayed in the 
foreground. 

Match real world scale units 
Currently there is no examined method for this product to match the scale within 
the game engine to match the real world, making all measurements 1:1.  
At the moment an approximation is needed to match the scales, which is not a 
hundred percent accurate. Further work is required to develope such a method. 
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8 Appendices 
 
Images  

 
8.1 By me, Illustration:  Illustration of the used pipeline 

 

 
8.3 Edited by me, from book - Brinkmann, R. (2008) “The Art and Science Of Digital Compositing”. P. 
150, 155, 156. Elsevier. Illustration of the algorithm that uses the mask to replace the background of a 
image.  

 
8.4 Edited by me, from book - Brinkmann, R. (2008) “The Art and Science Of Digital Compositing”. 
P.56-57. Elsevier.   Red channel + Green channel + Blue Channel = Output result 

8.2 By HTC Vive - https://store.eu.vive.com/store/htcemea/en_IE/buy/productID.5091056600/ThemeID.40354400 
Image of the base components of the HTC Vive 

https://store.eu.vive.com/store/htcemea/en_IE/buy/productID.5091056600/ThemeID.40354400
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8.5 From book - Brinkmann, R. (2008) “The Art and Science Of Digital Compositing”. P. 78. Elsevier.   
Illustration of the YUV color representation with  
a luminance value of 50%. 

 
8.6 By me, Illustration:  Illustration of the three mayor steps of the pipeline. 
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8.7 By me, Illustration:  Illustration of which part of the pipeline that are being handled. 

 
8.8 By Steam - https://support.steampowered.com/kb_article.php?ref=2001-UXCM-4439 
Demonstrational image of the HTC Vive calibration. 

 
8.9 By me, Illustration: Demonstration of the camerarig. 

https://support.steampowered.com/kb_article.php?ref=2001-UXCM-4439


 27 

 
8.10 By me, Illustration: Illustration of the hardware setup.  

 
8.11 By me, photo: Image that demonstrates the used setup 

 
8.12 By me, Illustration: Illustration of which part of the pipeline that are being handled. 
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8.13  By me, screenshot: Demonstration of the RawImage and the parented camera.  

 
8.14 By me, Illustration: Illustration of which part of the pipeline that are being handled. 

 
8.15 By me, screenshot: Illustration of the user interface of the chroma keyer tool. 
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8.16 By me, screenshot: Demonstration of the hieararchy 

 
8.17 By me, screenshot: Top view illustration of the used computer generated graphics. 

 
8.18 By me, Illustration: Illustration of which part of the pipeline that are being handled. 
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8.19 By me, screenshot: Demonstration of scenemanipulation while executing the previsualization  

 
8.20 By me, screenshot:  Demonstration of the output 

 
8.21 By me, screenshot: Demonstration of the delay between the camera and game engine. 
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8.22 By me, screenshot: Result of chroma keyer tool 

 
8.23 By me, screenshots: Demonstration of the chroma key  

 
8.24 By me, screenshots: Close-up, comparing the result with the offline chroma keyer Primatte. 
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8.25 By me, screenshots: Demonstration of the result of the chroma keyer 

 
8.26 By me, screenshots: Close-up, comparing the result with the offline chroma keyer Primatte. 

 
8.27 By me, screenshots: Demonstration of the output 
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