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Introduction
[bookmark: _Toc513138264]Virtual Reality Within the Games Industry
As virtual reality hardware has developed, more and more impressive applications have been conceived. Coming so far from gaming VR headsets such as the Sega VR-1 and the Virtual Boy, we are now faced with multiple headsets capable of utilising the same hardware used to play more traditional video games, which are becoming more and more common among consumers. In Q3 of 2017 alone, the three high-end models of virtual reality headsets – the Oculus Rift, the HTC Vive and Sony’s PlayStation VR – collectively sold over one million units [1]. This has lead to some of the largest game studios to create games of increasing scale and ambition exclusively for virtual reality – from Bethesda’s “The Elder Scrolls V: Skyrim VR”  [2] to Supermassive Games’ “Until Dawn” spinoff, “The Inpatient” [3]. 
[bookmark: _Toc513138265]Overlapping Problems
Despite the hardware providing new, unfamiliar problems to solve, common problems faced when developing a video game still present themselves when developing for virtual reality; the presence of a head mounted display allows for a larger scope of potential solutions, however.
One of the largest factors contributing to the difficulty of developing for virtual reality headsets comes from the need for two screens, one for each eye. Both the Rift and the Vive need to render two 1080 x 1200 screens [4], while the PlayStation VR uses two 960 x 1080 screens [5]. All three of these headsets have a refresh rate of at least 90hz [5] [4], to reduce feelings of motion sickness during use [6].
These larger screens alone hugely impact the framerates achievable in a virtual reality headset, a scene rendered at 60fps on a 1920x1080 screen needs to be rendered on a collectively larger screen space at 150% of the framerate, leading to the need for either a more powerful GPU or the need top run the game on a lower resolution than desired.
[bookmark: _Toc513138266]General Project Aim
As such, the overarching aim of this project is to use the widespread practice of controlling the complexity of in-game models – A Level of Detail system – to maximise the performance of a virtual reality headset. Utilising known tactics and theories combined with features unique to virtual reality, an adaptive, real-time LOD management system will be developed for a virtual reality headset with the intent of rendering a high complexity environment at a suitable framerate.

[bookmark: _Toc513138267]Background Literature
Level of Detail systems have been present in computer graphics for a very long time. The idea was explored largely by James H. Clark in 1976 [7], for example. The practice is used as standard throughout the industry and it is a widely researched topic. Level of detail systems allow for an increasingly complex 3D environment to be rendered at a constant desired frame rate. This is achieved by reducing the number of polygons in objects meeting certain conditions, as complex polygonal objects aren’t always required for every scenario [8].
[bookmark: _Toc513138268]Level of Detail Overview
Level of detail systems can be broken down into four different categories [9]:
· Discrete level of detail
· Continuous level of detail
· View-dependent level of detail
· Hierarchical level of detail
[bookmark: _Toc513138269]Discrete Level of Detail
Discrete level of detail is one of the simplest forms of level of detail management. This approach uses distinct separate models to represent the original model at different resolutions. Once certain conditions are met, and the full resolution model isn’t efficient to use, a lower resolution model is swapped in.
[image: https://potter1992.files.wordpress.com/2013/09/bunny1.jpg]
Figure 1: A model of a rabbit represented at different resolutions [10].
The conditions for swapping resolutions can vary. Most commonly is simply the models distance from the camera. Another system uses an objects screen size as the basis for swapping resolution [11], which would allow larger scale objects such as buildings to maintain a resolution despite being the same distance from the camera as a smaller object. This approach to controlling level of detail is not always suited to drastic simplification of objects, as the models are premade and may not always be made correctly at simplified levels [9].
[bookmark: _Toc513138270]Continuous Level of Detail
Continuous level of detail is a more complex approach to mesh simplification. A data structure is created in the pre-processing stage containing the information needed to create a whole spectrum of detail from an original model [10]. The appeal of this approach is the precision of the level of detail – no more polygons than necessary are used, whereas a discrete level of detail system might be required to use slightly more due it’s limited selection of premade resolutions. This advantage, when used for all objects in a scene, creates a domino effect of more and more free polygons per object, increasing the potential complexity of a scene.
[bookmark: _Toc513138271]View Dependent Level of Detail
View dependent level of detail systems are often considered an extension of continuous systems. Depending on the current view of an environment, level of detail is dynamically selected across all models. This method of level of detail control is often heavy on the CPU, as such a solution was proposed by Ji et al. [12] that allowed the bulk of the processing to be done by the GPU.
An interesting effect of these systems is the ability for models to have different resolutions at different points to achieve a desired level of detail. A terrain model might have a dense distribution of polygons closer to the camera’s position, or a model might have more polygons at the edge of its silhouette [10].
[image: ]Figure 2: A sphere model simplified with emphasis on its silhouette. When viewed from the side, the polygons making up the "edge" of the object in view are denser [10].
This method of level of detail control excels when faced with larger meshes, such as terrain meshes, due to this ability to select levels of detail across a single model [9].
[bookmark: _Toc513138272]Hierarchical Level of Detail
While large models can be solved using view dependent systems, applying the same logic to smaller objects isn’t as successful. Hierarchical level of detail systems were the result of solving this problem. The entire scene’s models are considered as one assembly, effectively allowing the entire scene to be simplified using view dependent methods [9].
[bookmark: _Toc513138273]Considering the Human Eye
Of worthy note for this project is the behaviour of the human eye. Reddy [13] considered the way the human eye tracks images moving across the retina, such as a moving ball or when one pans their head from one side to another. In situations such as this, the eye’s ability to accurate perceive objects is reduced. Additionally, Reddy considered that the human eye loses the ability to distinguish detail in its peripheral vision.
[bookmark: _GoBack]With this knowledge in hand, level of detail systems could be further expanded, especially in virtual reality, by understanding situations in which the human eye cannot perceive as much detail, allowing for additional mesh simplification opportunities.
[bookmark: _Toc513138274]Level of Detail and Existing Virtual Reality
Virtual reality has only recently entered the mainstream commercial market; however, the hardware has existed for many years.
A virtual reality system dubbed “CAVE” – a cubic environment with projected images on all sides, allowing one to stand within this “reality” – was utilised to showcase automatic level of detail control by specifying regions of interest at certain points [14]. This system depicts data as always being of a cubic grid of the same size, allowing regions of interest to be zoomed in on, a single cube in the grid. Once zoomed into the region, that single cube is increased in detail to match the same grid size as before. Despite being used for data visualisation in the “CAVE”, this approach could be considered to adapt to other virtual environments.
[bookmark: _Toc513138275]Aims and Objectives
As stated before, the overarching aim of the product is as follows:
Create a level of detail system aimed at maximising the complexity of a rendered virtual environment while maintaining a desired constant framerate.
The following objectives are to aid in achieving that aim throughout this project:
1. Create a sufficiently high complexity environment for virtual reality.
2. Program a level of detail framework to control model and scene complexity.
3. Run stress tests on this framework, recording significant data such as average framerate and CPU workload
4. Analyse data for intense sections of the environment and adjust framework to manage common framerate affecting situations.
To expand on this, what the project will result in is a level of detail management system, tailored for virtual environments, that can be applied to models in a scene across many 3D games. To achieve this, we need to solve the problem of low framerates in large complex environments - preferably to allow environments on the scale of those seen in games for high end desktops to be rendered with minimal loss in detail.
[bookmark: _Toc513138276]Research Methodology
This project will result in quantitative data, such as average framerates and CPU workloads throughout the deployment of a virtual reality environment. Since the scene should only be rendered for use for short sessions, due to risks to eyesight, the research can be considered to be cross-sectional.
During this project, the research philosophy should be positivism, as all results will be acquired through quantitative research – providing statistical data that isn’t open to interpretation as qualitative research data is.
The approach to be used is deductive. Since the project can be summarised into a hypothesis to test, this is the best approach for this project.

The following strategies will be applied throughout this project:
· Document review: A thorough analysis of existing literature to identify the main theories already existing, and to identify prominent researchers and their works. Using information gathered from existing material, it will be possible to compare the results of the system developed for this project with those of similar solutions.
· Case Study: A study of existing level of detail management systems for both traditional 3D scenes and virtual 3D scenes will be carried out.
· Software Development: The result of this project will be a level of detail management system tailored for use within virtual reality environments. This strategy will be used for the bulk of the project.
[bookmark: _Toc513138277]Development Methodology
Since the result of this project is to be a piece of software, it is important to consider how it will be developed.
The most effective way of designing the final solution will be to use the Waterfall Model. Using data and results from existing literature will allow for a satisfactorily specific set of requirements to be drafted, allowing for success in the design and implementation stages of the model.
[bookmark: _Toc513138278]Risks
There are virtually no predicted ethical problems regarding this project, however there are one or two health and safety concerns.
Virtual reality headsets place two digital screens very close to the eye. Prolonged use of any digital device’s screen can cause eye strain [15]. To minimise this risk, steps will be taken to ensure the headset is used for no longer than 15 - 30 minutes at a time.
Additionally, there have been multiple people [16] [17] stepping forward to raise the issue of dizziness and motion sickness as a result of prolonged use of virtual reality headsets. While there are no long-term studies of this, the issue has been discussed and dubbed “cybersickness” [18] [19]. Most of these symptoms arise after around 15 minutes of virtual reality headset use – the measures taken to reduce eye strain also apply here. Any tests that may reduce the framerate displayed in the headset should be short to minimise any symptoms of cybersickness in users.
Virtual reality headsets often require long stretches of wire, connected to the desktop being used to power the device. Careful consideration of placement of the hardware’s wires should occur, so as not to let the user trip over wires and injure themselves. In the same manner of thinking, a large enough “play area” should be established and marked out so that a user does not accidentally collide with a bystander or hit them while using the headset’s controllers. These risks – plus other risks not considered here – are considered by the headset manufacturer also, so carefully following any health and safety instructions provided with the hardware will ensure safe use.


[bookmark: _Toc513138279]Analysis and Deliverables
[bookmark: _Toc513138280]Success Criteria
Before considering how to succeed with this project, it would be wise to outline what that success would consist of. The following is the minimum success criteria for this project:
· Research and understand the differences in virtual 3D environments and traditional 3D environments.
· Analyse common situations in which virtual reality headsets struggle to render environments at a constant frame rate.
· Develop a level of detail framework tailored for virtual environments.
An additional goal for ideal success, though not one considered for minimum success of the project, would be to take a 3D environment – either created for this project, or taken from an existing game with permission – that puts strain on a desktop to render, and see if that environment can be rendered in virtual reality with minimal loss of detail. This goal is not considered for minimum success as the framework developed for use across all environments may need additional tweaking to be optimised for specific environments.
[bookmark: _Toc513138281]Analysis and Data
To ensure the final result of this project is sound in its success, some preliminary data should be gathered. This data gathered will be quantitative, allowing insight to how hardware is dealing with rendering complex environments. This preliminary data will be gathered by creating small, specific scenarios to stress test the hardware being used to render the virtual environment – for example, rendering many detailed, fast-moving objects across a user’s field of view. The data gathered will show the average framerate over time, and the impact on a computer’s CPU and GPU. Analysing this data will provide insight into the shortcomings of virtual reality hardware and areas of environments that may need greater simplification than others. 
To analyse this data, a note should be taken of the environment at a stable desired framerate – to return to the fast-moving object example from above, the environment would be “at rest”, with no moving objects and a simple environment. Once this framerate has been noted, the objects would begin to move and a note of the framerate over the duration of their movement would be recorded. Comparing the “resting” framerate with the framerate during the object’s travel time would indicate whether having fast moving objects across a user’s field of view is a scenario that impacts the framerate of virtual reality hardware. Analysing many scenarios in this way will provide a list of scenarios that are known to impact framerate individually.
In a likewise manner, monitoring the effect of these scenarios on the CPU and GPU will ensure that we are not pushing those parts past their operating limits. To do this, a program to monitor the heat and usage of these parts should be utilised and analysed in much the same way as the framerate. This data will provide us with a list of scenarios that have a high impact on these parts.
Using this information, we will have a list of scenarios that affect both the framerate and the hardware. It is expected that anything limiting the framerate of a virtual environment would also have a high impact on the hardware, however scenarios that individually do not impact framerate may have a large hardware impact, limiting the processing power available to other parts of a larger environment.
The final result of this project will be a level of detail management system tailored for use in virtual environments. The system will be developed with the results from the proposed tests above in mind, allowing common scenarios to be simplified to reduce their impact on the framerate. To analyse the success of this system, a complex virtual environment shall be created and rendered once utilising the level of detail system, and once without. If the framerate and impact on CPU and GPU as the environment is better with the system in place, the system can be considered a success.
[bookmark: _Toc513138282]Physical Resources
The physical resources required for this project are as one would expect. A virtual reality headset will be required – preferably one of the “top-end” headsets, the Rift, the Vive and the PlayStation VR. Space to efficiently utilise the headset will be required. Accompanying this, the hardware needed to run applications on these headsets is needed – preferably a GPU such as the Nvidia 1070 or higher, and a CPU such as the Intel i7 series. 8GB of RAM is suitable for this project, as is suggested by many manufacturers.
The computer being used for the headset will need to be running Windows 7 SP1 (64bit) or later. Access to administrator privileges on this machine would allow any additional drivers or software to be installed with ease. Access to a licence for any developer tools needed for the chosen headset will be required. Hardware monitoring software will also need to be installed on the machine being used to allow data collection during tests. Additionally, it would be helpful if any developer forums that may not be in the public domain were able to be accessed. 
Access to journals regarding previous established level of detail techniques and virtual environments will be required, if these journals are not already in the public domain.
Potentially, access to the models and textures of an established complex environment from an existing game is desired, but ultimately not required. This complex environment would be used to measure the rendering capability of the virtual reality headset combined with the level of detail system developed. This would help showcase the application of such a system in industry.
[bookmark: _Toc513138283]Human Resources
Since the data being collected for this project is quantitative, no surveys are being carried out, nor will test subjects be required. However, due to the nature of virtual reality headsets, a second pair of eyes may be needed during tests to record data and operate any software that needs controlling while in the headset. However, this operator would need no skills aside from basic computer skills, nor would they be required to take part in any tests themselves. This role can be filled by anyone nearby, essentially.








[bookmark: _Toc513138284]Timeline
[image: ]Figure 3: A table of proposed tasks for the project.
[image: ]
Figure 4: A Gantt chart containing the schedule proposed for this project up to December.
[image: ]
Figure 5: A Gantt chart containing the schedule proposed for this project from mid-December to May.

Figures 3 through 5 show the proposed schedule for this project. An outline of each task in the schedule is as follows:
· Christmas Break: Expected time off around Christmas and New Year.
· Easter Break: Expected time off around the Easter Weekend.
· Research: This time will be used to conduct research into already established techniques in the field. This will help shape the tests carried out and the design of the final solution.
· Software Familiarisation: This time will be spent becoming familiar with the software needed to complete the project. This will be carried out alongside the research task.
· Developing Scenario Tests: Equipped with knowledge from the research and familiarisation tasks, this time will be spent developing the virtual environments to test potential high-impact scenarios.
· Testing Scenarios & Data Compilation: Using the environments developed, various stress tests will be carried out in each scenario, generating data relating to framerate and CPU and GPU load.
· Data Analysis: Some time will be spent analysing the data collected from the test scenarios. If the data suggest two scenarios together will provide more insight into common framerate impacting scenarios, further tests will be carried out during this time.
· Develop Framework: This time will be spent developing the final product of the project, the full level of detail management system. This will be developed using the analysed data and research to influence it.
· Test Framework: Formal testing of the framework’s capacity to meet its criteria will be carried out during this time.
· Analyse Framework Data: Analysis of the results of the framework tests will be carried out against the relevant project criteria.
· Evaluate Project: An evaluation of the project as a whole will be carried out.
[bookmark: _Toc513138285]Conclusion
The plans laid out in this proposal should ensure the project has a greater chance of success. However, the possibility of a resource not considered, or a task scheduled too optimistically, means that the project could be derailed. Hopefully this will not be the case. The schedule proposed is an estimate and may change as the project is carried out, as might the project aim, or the success criteria, or the hardware required. To the best of this author’s knowledge, this proposal considers the all the main factors accordingly. Once the project begins, it may be necessary to adjust the details proposed.
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