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Sammanfattning 

Denna rapport undersöker renderingstekniken impostors när den an-

vänds i en simpel 3D motor tillsammans med virtuella verklighetshjäl-

men Oculus Rift. Impostors betyder på engelska bedragare och tekniken 

går ut på att den byter ut avancerade 3D modeller mot simpla 2D vers-

ioner när de är ett visst avstånd ifrån användarens virtuella kamera. Om 

den är korrekt implementerad ska användaren inte märka att vissa mo-

deller är platta och tekniken sparar på resurser då grafikmotorn inte be-

höver rita ut alla modeller. Rapporten går igenom vad som undersöktes i 

förundersökningen för att kunna utveckla en prototyp med utveckling-

språket C++ och DirectX 11. I rapporten står även hur prototypen utveck-

lades och hur stöd för Oculus Rift lades till. De slutliga resultaten visade 

att impostors hade en stor påverkan på uppdateringshastigheten när 

antalet 3D modeller som skulle ritas var många, annars hade tekniken 

ingen påverkan för att nå 60 bilder per sekund. 2 testare från Nordicstat-

ion kom fram till att ett avstånd på 40-50 meter från spelarens kamera till 

utritning av impostors var lämplig, för att dölja att de endast är platta 

versioner av 3d modeller. Testet visade att motorn kunde rita ut 3000 

träd, med 1000 löv på varje, och hålla 60 bilder per sekund, vilket var 

målet. Detta på ett avstånd av 40m på impostors. Impostorrendering var 

effektiv när man ritade ut fler än 500 träd åt gången. Mindre antal gav 

ingen märkbar effekt på testdatorn som användes för testet. 
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Abstract 

This report studies impostor rendering for use with the virtual reality 

head mounted display Oculus Rift. The technique is replacing 3D models 

with 2D versions to speed up rendering, in a 3D engine. It documents the 

process of developing a prototype in C++ and DirectX11 and the required 

research needed to complete the assignment. Included in this report are 

also the steps involved in getting Oculus Rift support to work in a custom 

3D engine and measuring the impact of impostor rendering when render-

ing to two screens of the head mounted display. The goal was to find the 

maximum models the engine could draw, while keeping the frame rate 

locked at 60 frames per second. 2 testers at Nordicstation came to the 

conclusion that 40-50 meters was the optimal distance for impostor ren-

dering. Any closer and the flatness was noticeable. The results showed a 

clear improvement in frame rate when rendering a graphically intensive 

scene. The end result showed that the goal could be achieved at a maxi-

mum of 3000 trees with 1000 leaves. Impostor rendering was deemed 

effective when drawing beyond 500 trees at a time. Less than that and the 

technique was not needed to achieve 60 frames per second. 
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1 Introduction 

The following chapter goes through the background, goals and delimita-

tions behind this degree project. It also contains motivations behind the 

methods chosen and the chapter ends with a small summary of the chap-

ters available in this report. 

1.1 Background 

There has been a resurgence in companies developing consumer focused 

virtual reality head mounted displays in the past few years. One of the 

companies leading the charge after a successful Kickstarter campaign, is 

Oculus VR with their solution named Oculus Rift [1]. While this returning 

technology [2] seems promising this time around; there are challenges 

when developing content for it. It has two separate screens, one for each 

eye, which means drawing a screen twice with slightly different camera 

views. Rendering a scene twice means an increase in computing power 

needed and old techniques to increase frame rate might not be suited for 

virtual reality. There isn’t much documentation available for the Oculus 

Rift as it’s still in development. There are still unknowns regarding how 

well 3D graphic techniques work with two screens and the added depth 

perception they offer. 

Impostor rendering is a well-documented technique and that means there 

are a lot of help available on how to implement it in a 3D engine. What 

isn’t detailed is how to implement it to work with the Oculus Rift software 

development kit, and this report aims to guide developers that want to 

implement the technique themselves, as well as provide test results of the 

effectiveness of it. The technique replaces 3D models with 2D versions 

and they may be more noticeable when using it together with a VR HMD, 

with the added depth-perception of using two screens, which makes it an 

interesting topic to study. 

1.2 Goal 

The goal of this project is to research a rendering technique called impos-

tor rendering, and implementing it to work together with the virtual reali-
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ty head mounted display Oculus Rift. The project was chosen in coopera-

tion with Nordicstation. They supported the decision to focus on this new 

technology. The process will be documented and tests will be done to 

decide on the solution’s effectiveness. The first step is to study research 

papers about virtual reality and impostor rendering to find if there have 

been research done that is applicable to the goal of this project. The 

method used will be coding a simple 3D engine that uses impostor ren-

dering and adding support for Oculus Rift. The tests will be conducted by 

recording frame rates using an implemented frame rate counter and 

comparing the values to when the technique is disabled.  

Another test will be done, using human testers, which will attempt to find 

a minimum distance where the switch between rendering a fully modeled 

3D object and the impostor will be done, while not breaking immersion 

for the tester. Breaking immersion means that they will notice the flatness 

of the quad that the 2D texture of the model is drawn on. The end goal 

will be try to find an optimal distance, for using impostor rendering in the 

engine that isn’t noticeable to the end user, as well as giving a perfor-

mance boost enough to make the technique worth using. 

1.3 Delimitations 

Delimitations were that the prototype would be a simple 3D environment 

with a few simple models. It would be coded using C++ and DirectX 11 

and only meant to be run on Windows 7 and version 1 of the Oculus Rift 

development kit. 

1.4 Chapter Summary 

 Theory 

The second chapter goes through the results of the literary study 

conducted before starting development of the prototype. It has 

information on 3D graphical concepts and 3D math, as well as an 

explanation of the Oculus Rift hardware. 

 Prototype Development 

The third chapter documents the development of the prototype. 

It goes through coding the 3D engine and the changes that were 

needed to implement Oculus Rift support to it. 
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 Testing 

The fourth chapter shows the test process and the results are 

compiled in a graph. 

 Results 

The fifth chapter explains the results from the test chapter. 

 Analysis and Discussion 

The sixth chapter explains if the goals set at the start were ful-

filled and goes through what worked and what didn’t. It also dis-

cusses the potential impact of the research socially, economically 

and environmentally. 

 Conclusion 

The seventh and final chapter discusses if the goals of the project 

where met and also includes recommendations for further im-

provements.



 
 
 
14  |  INTRODUCTION 
 

                                      

 



 
 
 

  15  |  THEORY 
      
 
 

 

2 Theory 
 

This chapter provides theory about 3D rendering and the math behind it. 

It details what research was needed to develop the prototype. It also has 

some information about the current situation, an explanation about Ocu-

lus Rift and a brief look at how simulator sickness can be caused by virtu-

al reality and how this report can contribute to help prevent the symp-

toms. 

2.1 Current Situation 

With the introduction of the virtual reality head mounted display, HMD, 

Oculus Rift, there has been increasing interest among video game devel-

opers [4]. Version 1 of the development kit was made a few years ago and 

version 2 was released during this project [5]. As the technology is new, 

there hasn’t been enough research and experience to completely decide 

what works with it and what doesn’t. The Best Practices document made 

available by the company behind Oculus Rift, Oculus VR, brings up some 

areas that could be of interest when modifying a 3D engine to fully make 

use of the HMD [6]. As it has two separate screens, one for each eye, it 

needs to render a scene twice, from two slightly different angles. This 

increases the computer resources needed and makes it apparent that 

there needs to be more research done to find what rendering techniques 

could alleviate the strain on the graphics processing unit. 

2.2 Oculus Rift 

Oculus Rift is a virtual reality head mounted device, HMD, made by Ocu-

lus VR. They used crowdfunding to fund the development of the first de-

velopment kit using the site Kickstarter. Their funding goal was $250,000 

but they almost managed to get 1000% that amount, with the final sum 

being $2,437,429. A few months before the completion of this report, the 

company was purchased by Facebook, for the price of 2 billion dollars [7]. 

They now have access to more resources than before and will be able to 

include custom made components instead of reusing mobile phone 

screens [8]. 
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Version 1 of the Oculus Rift development kit uses two 640 x 800 resolu-

tion screens for a combined resolution of 1280 x 800 supporting a 60 Hz 

refresh rate. It comes equipped with an accelerometer as well as a gyro-

scope. The accelerometer measures the speed at which you move your 

head and the gyroscope measures the rotation.  

Version 2 of the development kit was released to buyers on July 2014 and 

it has an increased resolution of 960 x 1080 per eye, with a refresh rate of 

75 Hz. It includes an external camera to support positional tracking [9]. 

2.3 Previous Research 

Before development of the prototype was started, a study of research pa-

pers was conducted. As the Oculus Rift is still in development, there was a 

lack of research done regarding the use of impostor rendering together 

with it. The research was focused on general VR research that was appli-

cable to any type of HMD.  There needed to be a goal to the project to 

know if the researched rendering technique was useful. A study done by 

the U.S Army Research Institute showed that a stable and high frame rate 

may help against simulator sickness [10]. One of the goals of the degree 

project was then set to achieve a stable 60 frames per second, the same as 

the refresh rate of the screens on Oculus Rift, as it would have the poten-

tial added benefit of minimizing any discomfort to the user.  A paper 

about the implementation of impostor rendering in OpenGL was also 

used as a guideline. It recommended a frame rate higher than 20 fps to 

provide a satisfactory user experience [11]. It didn’t provide performance 

tests and even if it did, the added performance of drawing to two screens 

still had to be tested. There has been much research done on the tech-

nique and that made it suitable to test as it has been proven to be effective 

when rendering to a single screen [12]. There has been research done 

about the use of impostor rendering but no papers combining it with VR, 

and specifically together with Oculus Rift could be found at the time of 

writing.  
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2.4 Simulator Sickness 

When there is a difference between what your eyes are seeing and what 

your body is feeling there is a risk that you will get motion sickness. Using 

a virtual reality HMD can exacerbate this as you are moving through a 

simulated world but staying in place in real life. Motion sickness is also 

called simulator sickness when caused by a virtual environment. It can 

occur when your visual input sends information to the brain but your 

vestibular system, that sends input to the brain regarding motion and 

how your body is in respect to gravity, thinks you are stationary.  

The symptoms include eyestrain and fatigue as well as mental disorienta-

tion which can cause nausea. An unlocked frame rate below the screens’ 

refresh rate can have an impact on a user’s susception to simulator sick-

ness, as sudden changes in frame rate can be disorienting to the user. 

The American Army has done research into simulator sickness when us-

ing a virtual reality head mounted display. Much of their findings are 

similar to the suggestions provided by OculusVR in their best practices 

guide. Their research showed that the screens need to update fast enough 

when the user is moving their head to update how they expect their view 

to change. If there is latency then simulator sickness can occur. More on 

this subject is described later in this chapter. While simulator sickness is 

not the topic of this report, the risk of users feeling the symptoms would 

lessen if impostor rendering proves useful in maintaining an acceptable 

frame rate. 
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2.5 3D Rendering 

This section describes the research that was needed to develop the proto-

type using DirectX. The 3D math used is covered in a later section. 

2.5.1 DirectX 

DirectX is an API collection that includes access to audio, graphics and 

input. It allows programmers to be able to program their applications to 

make use of hardware that interfaces with the Windows OS [13]. 

2.5.2 Shaders 

A shader is code that is run on a graphical processing unit and is tasked to 

perform operations on primitives that are supplied by other stages in the 

rendering pipeline, using data stored in buffers defined by the program-

mer [14].  

Distortion Shader 

The lenses on the Oculus Rift development kit version 1, apply a pincush-

ion distortion view to increase the field of view sensed by the user. It does 

this by having no distortion at the center of the lens and becoming more 

distorted the further you get to the edges. This results in a bad image and 

to counteract this distortion you need to apply another.  If you imagine 

there are vertical and horizontal lines on the screen, they would appear to 

go down towards the center in a concave shape. Using a barrel distortion 

shader you get a convex image instead, and this results in a clearer image 

while keeping the sense of a wider field of view [15]. 
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2.5.3 Rendering Pipeline 

A rendering pipeline is the process between describing a virtual camera 

and what it sees in a 3D space, to getting the 2D representation of it 

drawn to a screen. Figure 1 illustrates the rendering pipeline and the ar-

rows show how the stages output to the next stage.  Some of the stages are 

programmable while others are fixed function, meaning that they are 

already defined and the figure shows which one each stage is. The de-

scription is based on the pipeline used by DirectX 11[16]. There are seven 

stages covered but in reality the pipeline consists of 9 stages; tessella-

tion’s 3 stages are combined into one in both the figure and the explana-

tion.  

Fig. 1: Rendering Pipeline in DirectX 11 
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Input Assembler 

The input assembler stage is fixed function and it receives vertices and 

indices stored in buffers, and is responsible for defining the primitives 

they should be drawn as. Primitives supported by the IA include point 

lists, triangles and line lists. They are then output to be used by the other 

stages. A programmer can tell the stage what primitive to output using 

the command IASetPrimitiveTopology() and what the vertex structure is, 

by creating an input layout and binding it to the IA.  

Vertex Shader   

The vertex shader is a programmable stage and it performs per vertex 

operations. It accepts one vertex as input and then outputs one vertex at a 

time. The operations it can perform include transformations, lighting and 

coloring. It’s a required stage and needs to be implemented even if noth-

ing is done with the vertices passing through. 

Tessellation Stages 

Tessellation is a form of level of detail technique. You have a basic mesh 

with a small number of triangles and a high quality one. When the camera 

is far away from the object you only render the low detail version and 

when you reach a distance threshold you use blending to change to the 

high quality one. This way you can save processing power when you are 

far away from objects.  

There are three stages responsible for tessellation: Hull Shader, Tessella-

tor and Domain Shader but they are combined into one stage in figure 1 

as they all contribute to tessellation. 

Geometry Shader 

Geometry shader is a programmable stage and it can handle primitives 

described by the IA stage. It’s optional and can be used to remove geome-

try when using culling techniques. 

Rasterizer  

Responsible for turning the input primitives into an image built by pixels, 

called a raster image. It handles clipping of the primitives outside the 
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view frustum. It maps primitives to a previously defined 2d viewport that 

includes information about the min- and max depth values to map to and 

the size of the viewport. It’s a fixed function stage. 

Pixel Shader 

Another optional and programmable stage. Can perform per pixel opera-

tions such as lighting, coloring and reflections. 

Output-Merger 

The output merger stage determines what pixels are going to be drawn to 

the final image. It’s the last stage of the rendering pipeline. It performs 

depth testing with the depth-stencil and it blends the final pixel colors. 

The final colors are determined by combining data that the pixel shader 

outputs, contents from the render targets and the result from the depth 

testing. 

2.5.4 Instancing 

Instead of sending in the same vertices to the vertex shader every time 

you want to render copies of a model in your scene, you can make use of 

instancing. Instancing uses a buffer to store a single copy of each model 

that you want to be able to draw and you can store information for each 

one, including position and rotation values. You can do a draw call and 

specify how many copies you want and don’t have to do a separate one for 

each one. Every instance goes through the graphics pipeline which means 

the shaders can modify each one [17]. 

2.5.5 Frustum Culling 

Frustum culling is a rendering technique that uses bounding boxes, or 

other shapes, on models and checks to see if the box is inside the camera 

view. The frustum can be described as an upside-down pyramid where 

the camera is placed at the top of it looking through it. There are six 

planes that the bounding box are checked against: bottom, top, right, left, 

far and near. If the box is completely outside the frustum then it’s not 

being included in the draw call. This type of culling is made on the CPU 

side, and it frees up resources from the GPU so that it doesn’t have to 

spend time checking every vertex for culling purposes [18]. 
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Axis Aligned Bounding Boxes 

Axis Aligned Bounding Boxes, AABB, is a bounding shape for use in frus-

tum culling. Instead of doing the culling test on each vertex of a model, 

you can use a shape that encases the model. AAAB culling uses a rectan-

gular box and if any part of the box is inside the frustum planes, then that 

model is going to be drawn [19]. 

2.5.6 Impostor Rendering 

An impostor is a 2d texture version of a 3d model that can be used instead 

of rendering objects far away from the camera. This would save rendering 

power, but comes with its own issues. You have to find the optimal dis-

tance between the camera and the object where you use an impostor in-

stead of rendering the object. If you place the impostor too close then the 

user will notice the lack of depth and it will ruin the immersion of being 

in a virtual world. Another issue is knowing when to switch from impos-

tor to rendering when the player reaches a distance threshold. Poor im-

plementation can result in a pop-in effect that the player will notice [20]. 

2.5.7 Buffers 

When there is a difference in output and input speeds then a buffer is 

needed to prevent one process staying idle while it waits for the other 

end. Some memory is reserved to temporarily act as a buffer where it will 

hold data needed for a transfer. A buffer is a temporary data storage [21]. 

Back buffer 

Texture buffers that allows a frame to be fully drawn before it’s presented 

to the screen. It uses swapping to make the back buffer the front and then 

back again. It’s implemented in DirectX using a swap chain that handles 

the swapping [22]. 

Vertex Buffer 

A vertex buffer holds an array of vertices that can be accessed by the ren-

dering pipeline. It can store position data for each vertex, as well its nor-

mal and texture coordinates. 
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Index Buffer 

An Index Buffer is used to store indices. Triangles usually share the same 

vertices and instead of having to declare the same vertex multiple times; 

they can be declared once and then indices describe which vertices are 

used by each one. 

Instance Buffer 

Instance Buffers are created the same way as vertex buffers. Instead of 

binding them to the input assembler as vertex data, they are bound as 

instance data. The variables they can use have to have a corresponding 

variable declared in the vertex buffer that they are bound to. When using 

impostor rendering, the models use the same vertex buffer data, but use 

unique position data to place them in the 3D world [23]. 

Constant Buffer 

Constant buffers allows for sending data to the programmable shaders 

that they can use. 15 buffers can be used by each shader stage in the ren-

der pipeline shown in figure 1. 

Depth Buffer / Z-Buffer 

The depth buffer, also commonly known as Z-buffer, stores the depth 

values of objects using float data. The values they can have range from 0 

which is closest to the screen, to 1 which is the far end. DirectX uses a 

surface, bound to the depth buffer to act as a canvas where it tests the 

different values of objects. It begins by setting every point of the surface 

to 1, which is the highest value. When a depth test occurs in the rendering 

pipeline, a polygon’s rasterized pixels are tested against the value stored 

on the surface. If it’s lower than the previous number then it’s drawn to 

the screen. If not, it tests the next object[24]. 
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2.6 3D Math 

This section describes the math that is needed to describe a 3D world. It 

goes through the coordinate system used and the transformation matrices 

needed to move, rotate and scale objects in a virtual space. 

Fig. 2: A right handed coordinate system 

2.6.1 Cartesian Coordinate System 

3D rendering uses the Cartesian Coordinate System which uses X,Y,Z as 

points to describe the position of a model in 3D space. A fourth point 

called W, is used to create 4x4 matrices to make transformations between 

different 3d spaces easier. The coordinate system can be left handed or 

right handed. Both have positive Y pointing up and positive x pointing 

right. The difference lies in the Z direction where in a LH system the posi-

tive axis points forward and the negative does the same in a RH one[25].A 

right handed coordinate system is shown in figure 2. 

When doing rotations, a clockwise direction around the axis of rotation is 

positive in a LH system while RH uses a counterclockwise direction. This 

is important when doing backface culling in the rasterizer stage. 
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2.6.2 Model Space and World Space 

A 3D modeling program outputs the model in model space, which de-

scribes the positions of the vertices making up the model. World space 

describes a coordinate system for a collection of models and their posi-

tions relative to each other. To change an objects space to a world space 

you multiply it using a world matrix. Every object has a corresponding 

world matrix that specifies where in the world space it will be placed. A 

common way to create a world matrix is by using translation, scaling and 

rotation matrices on a model matrix [26]. 

2.6.2.1 Translation 

 
Fig. 3: A translation matrix multiplication example 

 

A translation on an object changes its space from its own space to a world 

space. A translation matrix is an identity matrix where the rightmost col-

umn values decide how much the object should move. Figure 3 shows an 

example of translating a vector: it is multiplied with the translation ma-

trix and the result is a new vector with the updated positions. 

2.6.2.2 Rotation 

 
Fig. 4: Rotation around the X-axis 
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Fig. 5: Rotation around the Y-axis 

 

 
Fig. 6: Rotation around the Z-axis 

The matrices in figures 4-6 show the matrices used for rotation around a 

particular axis. They can be combined to rotate around multiple axes at 

the same time. Instead of theta you input the amount in degrees that you 

want to rotate the object around the axis in. The resulting vector has the 

coordinates for the object where it is rotated according to the values input 

into the rotation matrix. 
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2.6.2.3 Scaling 

 
Fig. 7: A scaling matrix multiplication example 

 

Scaling is performed similarly to translation. The difference is the place-

ment of the numbers that you want to scale with. Instead of a regular 

identity matrix where the diagonal starting from the first column in the 

first row, and moving one column to the right as you go down the rows, 

the numbers are replaced by the scalar number. Having the numbers stay 

as one when multiplying the transformation matrix with your model’s 

matrix, means that the model retains its size it had in model space. By 

changing the numbers to n in the places for X, Y, Z scaling then the model 

gets scaled to be n times larger in every direction in the 3D world. Figure 

7 shows a scaling matrix and a matrix multiplication results in a new vec-

tor where the object has been scaled with the numbers input in the scal-

ing matrix. 
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3 Prototype Development 

This chapter describes the development of the prototype, and the first 

part describes the 3D engine implementation, while the second goes 

through adding Oculus Rift support and what needed to be changed to 

make it work. 

3.1 Method 

The method chosen for this research was to develop a prototype that 

would be used to perform tests to measure the effectiveness of the chosen 

rendering technique.  

Before creating the prototype used to test the rendering technique, a 

study of research papers was conducted and the result is detailed in the 

Theory-chapter. The information found was then used to develop a work-

ing prototype. 

To code the prototype 3D-engine the programming language C++ and the 

API DirectX 11.0 were used. An alternative solution would have been to 

use the API OpenGL instead of Direct X but the documentation available 

for Oculus Rift development was aimed at the chosen API and that played 

a big part in the decision. 

The final step was to perform frame rate measurements in the engine and 

comparing results when changing the distance where the impostors start 

replacing 3D models. There were several tests conducted: each one ren-

dering increasing amounts of geometry to find an amount where perfor-

mance started dropping below the maximum refresh rate of the Oculus 

Rift, as the goal was to find a point where the engine could render 60 

frames per second. The results were compiled in graphs and are explained 

in the results chapter. 

The following frameworks, technologies and libraries were used to com-

plete the project: 
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Visual Studio 2012  

Visual Studio 2012 was used as it was the version provided by Nordic-

station. 

 

 

DirectX SDK June 2010 

To develop Direct X 11.0 applications, the June 2010 of the SDK is re-

quired. 

 

Oculus Rift SDK 0.4.0 

The newest version available of the Oculus Rift SDK was used. Version 

0.4.0 was the most recent one at the time. 

3.2 3D Engine Alternative 

At the start of the project, during the pre-study, there was a need to re-

search different 3D engines to look for a suitable one that would allow 

implementation of impostor rendering. One alternative that was even 

tested was Unreal Engine 4 by Epic Games. Licensing it costs 19$ a 

month and it offers full source code access [27]. The tools it comes with 

were easy to use and powerful. The reason it wasn’t chosen was that the 

rendering engine is so advanced, it would have been a huge undertaking 

learning it to be able to implement impostor rendering together with Ocu-

lus Rift.  

3.3 Developing the 3D Rendering Engine  

The following section contains a description of the development of the 3D 

rendering engine used in the prototype. The engine was first coded to 

work on a singular screen and the methods contained are described. Any 

modifications that had to be made to get the engine working together 

with the Oculus Rift, are discussed in a later chapter about the porting 

process. 

The engine was developed with C++ and DirectX 11. It supports load-

ing .obj model files and instancing to create copies of them with the help 

of the Obj Model Loader function made by Braynzar Soft. The model files 

used in the engine were also provided by them as well as the 2D texture of 
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the tree model. The engine also has frustum culling using Axis Aligned 

Bounding Boxes, AABB, and impostor rendering. The engine supports 

free movement on the XZ plane and free look using the mouse. 

3.3.1 Obj Model Loader 

Obj Model Loader is a function made by Braynzar Soft that loads an Obj 

file containing a 3D model’s geometry data and optionally material data 

from a companion .mtl file. It also supports use in both a left handed co-

ordinate system as well as a right handed one, which came useful when 

implementing Oculus Rift support. The function saves the model’s vertex 

and index information into buffers and stores texture information if 

available [28]. 

3.3.2 FW1FontWrapper 

FW1FontWrapper is a library that allows rendering of 2D text in a Di-

rectX engine. It was chosen as DirectX 11 doesn’t have proper support for 

2D text rendering. The library is made by Erik Rufelt[29]. 

3.3.3 3D Models 

The engine uses 3D models stored in Obj files and stores them in vertex 

and index buffers. There are two models used in this project, both free 

and provided by Braynzar Soft, the maker of the Obj Model Loader func-

tion. There’s a ground object with a normal map and a grass texture that 

is being transformed into the world space using a world matrix that is an 

identity matrix so that the ground is centered at the origin of the world, 

and is being rotated and resized to cover a larger area [30]. 

3.3.4 Frustum Culling Implementation 

Every object imported into the engine goes through frustum culling using 

AABB culling. It checks if the model is inside the view frustum and 

doesn’t send it be drawn if the test fails.   

3.3.5 Impostor Rendering Implementation 

Impostor rendering was implemented by looping through the trees that 

weren’t culled and checking if their individual position was less than a 

certain value. For example: if the value checked against is 50.0, and the 
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distance test gives a number that is below it, then that tree will be fully 

rendered. If it exceeds the value, then instead of drawing the whole mod-

el, a 2D texture of it is drawn on a quad.  

The camera position is taken from multiplying the current view and pro-

jection matrices with each other.  

To get the position between the camera and the trees, the camera position 

vector was subtracted by the position of the tree being tested. The tree 

positions were stored in an array holding data on each tree in the instance 

buffer. 

The positions of the impostors to be drawn is stored in an instance buffer 

and the number is stored in a variable. When the render method exe-

cutes, there is a drawInstance() call that draws the number of impostors 

that were found using the position data provided by the method. 

Fig. 8: The code that checks the distance between the camera position and the trees 

3.4 Oculus Rift Implementation 

After building a simple 3D engine that supported impostors, it was time 

to add Oculus Rift support to it. There was some documentation available 

on a few of the methods that needed to be added to the engine to make it 

work but it wasn’t comprehensive. There were some sample projects cod-

ed in C++, which provided some insight into the methods that came with 

the Oculus Software Development Kit.  

For the prototype development, version 0.4.0 of the SDK was used and it 

included some new API support for the at the time, newly released devel-
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opment kit version 2. As the goal of the project was to use version 1 and a 

lack of access to the new one, none of the additional methods meant for 

the new headset were used in the prototype.  

One of the sample projects included with the SDK, called OculusTiny was 

used for initializing the Oculus. The sample project used hard coded 

models and depicted a room with some furniture and supported move-

ment with the mouse and keyboard, and looking around with the HMD’s 

sensors. Attempts to write the initialization steps from scratch were 

made, using the documentation provided by Oculus VR, but trying to 

properly follow the steps outlined, the Oculus Rift failed to initialize and 

caused crashes. The documentation used the sample code as a basis for 

describing the steps needed and didn’t explain the entire initialization 

process, so a decision was made to use the sample code to start the HMD 

and then porting the 3D engine code to work with it.  

The Oculus Rift needs to be initialized in an API specific way. Readers 

wanting more comprehensive information on the steps needed are ad-

vised to register a free account on Oculus VR’s developer website and 

reading their SDK document, but I will go through the steps briefly. 

3.4.1 Initialization 

To initialize the Oculus Head Mounted Device you first need to call a 

method called ovr_Initalize(). Another method ovrHmd_Create(0) cre-

ates the first HMD that is available. When you have created the HMD you 

can get device information about it such as: resolution, device name and 

what capabilities it has. This information can be used to make an applica-

tion work with different versions of the Oculus Rift. Version 2 has a high-

er resolution and this means that you could initialize the window size and 

render target size to use this higher resolution if you wanted. The proto-

type uses the returned resolution to initialize the application but it hasn’t 

been tested with the newer headset so it is unknown if it works properly, 

but this was not a goal of the project. 
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Instead of using the initialization code from the 3D engine, the OculusTi-

ny sample code was used and it took care of creating the device, swap 

chain and render target.  

The Oculus SDK can handle applying distortion shading as well as han-

dling synching and presenting from the swap chain, or everything can be 

coded manually. A decision was made to use the provided methods as it 

made it easier to focus on the topic of the study. 

After initializing DirectX 11 and doing the necessary Windows setup, you 

call ovrHmd_AttachToWindow(). It uses the HMD and window refer-

ences to bind the window to the HMD displays.  

The Oculus Rift provides a default field of view that can be used to con-

figure stereo settings as well as creating the render target so that it’s the 

right size.  Both screens use the same rendering target texture but with 

different viewports to account for the differences in view angle and inter-

pupillary distance, which is the distance between the centers of the pupils 

in your eyes.  

After creating the render target as well as doing the required DirectX 

initialization you feed the references to SDK methods. OVRD3D11 stores 

information about the render target as well as the stencil render view and 

ovrD3D11Config has references to the device, context, swap chain and 

backbuffer so the SDK can handle presenting the backbuffer to the screen 

[31]. 

3.4.2 Porting the 3D Rendering Engine 

The math library that the Oculus SDK uses is a post-multiplication one. 

The 3D engine was coded using pre-multiplication, which meant that 

vectors being multiplied came before the transformation matrices. Initial-

ly the multiplication order used was to multiply the World, View and Pro-

jection matrices from the left to the right. In a post-multiplication orient-

ed library the order needed be reversed to Projection*View*World. The 

SDK had methods that output view and projection matrices for each eye; 

taking into account the IPD value and resolution of each eye individually. 
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These were stored in an OVR_Math matrix called Matrix4f, which is a 

row major matrix. There were no conversion methods to convert from 

XNA math matrices to the SDK’s versions so most of the matrix variables 

had to be changed to make use of the OVR_Math library. 

The rendering calls are bookended by ovrHmd_BeginFrame() and ov-

rHmdEndFrame() method calls to tell the HMD when to synchronize 

rendering for vertical synchronization as well as presenting the backbuff-

er to the render target. The custom render method is called two times 

each frame, once for each eye. The method takes in view and projection 

values specific for each eye, taking into account the different view angles, 

as well as the current frame rate so that it can be presented to the screens. 

The render method has different render calls for the impostors, the 

ground model, trees and their leaves. The camera position vector is set 

using the values from the HMD and before rendering can begin, a call to 

the culling methods is made. The argument for the culling is another 

method call to the getFrustumPlanes() method that calculates the frus-

tum.  

Every matrix multiplication order that the shaders used also had to be 

reversed to account for the change in coordinate system handedness. 

Normally when doing the frustum culling test, there would be a check to 

see if the models being considered for rendering, were inside the view 

frustum of the screen, to be eligible to be sent to be drawn. When porting 

the engine there was a challenge in getting the culling to behave in a satis-

factory manner, because of the need to render to two different screens. 

The two frustums had different angles which made one test cull an object 

that was supposed to be visible on the other screen and vice versa. The 

solution picked was to change the cull requirement of models to be fur-

ther away from the frustum planes than they normally would. This 

worked but it will draw models it could have been able to cull if the im-

plementation would have been more tailored to the unique situation of 

having to do frustum culling for two screens. The recommendation sec-

tion later in this report has suggestions for further improvement.  
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When culling worked, the implementation of impostor rendering went 

smoothly. The challenge was finding an optimal distance where the en-

gine would switch between rendering the full model, to the 2D version. 

Feedback from testers were the key to finding a suitable distance, if one 

existed. The results are showcased in the next chapter. 
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4 Testing 

The following chapter describes how testing of the prototype was done. It 

has a graph showing what the frame rate looked like for the different 

tests. The appendix has a table of the measurements used for the graph. 

Fig. 10: A picture of the debug kit rendering 4000 trees with 1000 leaves each 

4.1 The Test Process 

Testing of the prototype was done by using a frame rate counter to com-

pare values for different distances when rendering impostors. To test if 

they looked convincing enough to not be noticeable to users, 2 testers 

from Nordicstation gave their input. Their opinion was that when using a 

distance around 40.0-50.0 metres, in the engine’s internal measuring 

system, was an acceptable solution. Testing was done on a PC running 

Windows 7 with the hardware specifications being: 
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CPU: i5 2500k 
Memory: 4GB DDR3 
GPU: Nvidia 580GTX 
Monitor: 120Hz 

 

The tests where done using both the Oculus Rift screens as well as on the 

PC monitor. The SDK has built in vertical synchronization which means 

the frame rate is capped at the refresh rate of the monitor. The Oculus 

Rift screens only support 60 Hz, which means that the maximum frames 

per second it can display is 60, so the test was also done on a 120 Hz 

monitor to get a better understanding on performance when testing dif-

ferent values for the impostors. When testing on the monitor, a debug 

version of the Oculus Rift was used which is included with the SDK. It can 

emulate the HMD and you can specify which development kit version to 

use.  Only version 1 was used for testing.  

The first test was to draw 500 trees with 1000 leaves each. Each tree con-

sists of 176 vertices and leaves are 4 each, forming a quad. Drawing all 

trees without doing any culling results in the engine having to process 

4176 vertices for each tree with its leaves and 2088000 total for the whole 

scene when drawing 500 trees. The distances used for testing the impos-

tors ranged from 0, where every tree was replaced with an impostor, and 

increased by 10 meters at a time to 90m where only the outer trees where 

replaced with impostors, and finally to 900 where every tree was fully 

drawn. This meant that they would activate at a distance far further than 

the engine was rendering, effectively turning them off. 
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The goal was to find what settings allowed the engine to render to both 

screens at a constant 60 frames per second, with a distance setting that 

wasn’t closer than the 40-50 meters decided by the Nordicstation testers 

as acceptable.  

Fig. 11: Graph of the test results 

An important caveat: because the engine is vertically synchronized be-

cause it used the Oculus SDK standard settings, the results can only be 

values that you get when you divide the max refresh rate. So since 60 is 

120/2 the frame rate jumps suddenly even though it may be a steadier 

climb when not using v-sync. Disabling it would have meant having to 

implement distortion shading manually instead of letting the Oculus SDK 

handle it and it wasn’t worth it. The results are usable to show effective-

ness even though they can’t show the whole frame rate range.  
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5 Results 

The test results barely showed any improvement when the scene being 

rendered was populated by 500 trees. On the test system used there was 

no reason to use impostor rendering to get a stable 60 frames per second, 

which on the 60 Hz screens of the version 1 of the Oculus Rift develop-

ment kit is the most it can show. Going from a distance of 90.0m to 

80.0m made the frame rate jump up to 120. If targeting the newer version 

of the HMD then this setting would be appropriate. 

At 2500 trees, a distance of 50m was too taxing for the engine to be able 

to keep a constant 60fps, but 40m was able to hold up until 3000. Beyond 

that the distance had to be lowered to keep the frame rate acceptable and 

that meant the distance was lower than the sweet spot decided by the 

testers.  

The results clearly show that the frame rate impact is great when using 

impostor rendering. It has its drawbacks as they can ruin the virtual reali-

ty immersion of appearing flat when compared to the fully rendered 3D 

models. It’s up to developers to find an optimal distance, which is tailored 

to their needs if they want to utilize the technique for their Oculus Rift 

projects. 

The trees used for this test had individual leaves being drawn so the 2D 

versions appeared flat if they were too close to the camera. There are 

models of different shapes that could have different distances before they 

appear flat and it’s worth taking this to account before applying these 

results to other projects and expecting them to be the same.  

The culling method implemented in the prototype was inefficient as it 

didn’t take into account the combined frustums of the two screens. This 

caused issues when testing if objects were inside the planes of the frus-

tums and the decision was made to increase the frustum size. An alterna-

tive method would have been to develop a proper culling method to take 

into account both of the screens.                  
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6 Analysis and Discussion 

The goals of this project was to test if impostor rendering was effective 

when used together with Oculus Rift. The method chosen was to do tests 

using a developed prototype after studying research papers done by oth-

ers. The papers documented that impostor rendering was effective for 

rendering to a single screen but lacked any insight into using it with a 

virtual reality head mounted display. Effectiveness was measured by 

achieving 60 frames per second with the technique, while attempting to 

conceal the flatness of the impostors to human testers.  The goal of 60fps 

was achieved when rendering more than 500 trees in a scene at once. 

Fewer than that and it had no noticeable improvement as the engine 

could render at the target frame rate without using impostor rendering. 

Human testers gave the range of 40-50 meters as a suitable distance for 

the use of the technique, in relation to the virtual camera. This part of the 

testing can’t be declared definitive as the number of testers were too few. 

It can serve as a basic guideline for developers but they will need to do 

more extensive testing to find a more suitable distance.  

The effectiveness of the technique in regards to improving performance 

was clear with the testing done. The frame rate numbers will differ when 

using other test systems but using the technique will provide higher 

frame rates than without it.  

Economically this research helps with lessening the hardware require-

ments required to power the rendering of a scene twice, once for each 

screen, when using Oculus Rift. It lessens the power consumption and 

will reduce costs for users as they won’t need an as powerful PC when 

using this technique to render a 3D scene, and that potentially lessens the 

impact on the environment.  Impostor rendering can be used by develop-

ers when they develop rehabilitation applications for disabled users. A 

real life museum could be rendered where users could navigate it while 

they may have difficulties going to the real one. There are no ethical is-

sues in relation to this research. 
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7 Conclusion 

The results showed that impostor rendering was effective when drawing 

more than 1000 trees at a time. The goal was to find the maximum 

amount of trees the engine could render, while maintaining 60 frames per 

second. Rendering 3000 trees with each tree having 1000 leaves was the 

maximum models the engine could render at 60fps at, while the render-

ing distance of impostors were 40 meters, which was the minimum dis-

tance decided by 2 Nordicstation testers. The goals outlined at the begin-

ning were met, but there is a subjective element regarding the optimal 

distance for the impostors that is up to the developers implementing the 

technique.  

7.1 Recommendations 

 

If someone wants to continue researching impostor rendering for Oculus 

Rift or other virtual reality head mounted devices, then a recommenda-

tion would be to study true impostors. They work the same as regular 

impostors but they contain more information to make them appear to 

have lightning and depth, making them appear less flat compared to 

regular impostors [32]. Another suggestion would be to improve culling. 

The way it was implemented in this study, the use of two frustums made 

it the culling checks collide with the other’s view and removed objects 

that the other screen should have been able to see. Instead of having two 

separate frustums a combined one that was the size of both screens to-

gether, could be a viable solution. 
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Appendix 

The appendix contains the average frame rate values from tests per-

formed with the developed prototype.  
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