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[bookmark: _Toc7610069]Abstract
The project is a software development project, which is trying to create a level of detail algorithm which will be created in an integrated development environment which was Microsoft Visual Studio 2017 using an appropriate method using a games engine which was Unity 2017 to display the results of the project.
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[bookmark: _Toc7610070]Introduction
This project is being undertaken to try and investigate and to develop a level of detail algorithm in an Integrated Development Environment (IDE) e.g. Microsoft Visual Studio, NetBeans, PyCharm, etc.
Which will be implemented into a basic unity game to change the output of the game the desired output is when a game object e.g. a game character or a building or a piece of scenery in the background of the game will change based on the distance between the object and the camera.   
[bookmark: _Toc7610071]Aim
The aim of this project is to successfully create a level of detail program using an Level of Detail method, inside an Integrated Development Environment which will be either Microsoft Visual Studio 2015 or 2017 due to the fact the researcher has more knowledge of these two IDE’s than any other main IDE’s on the market. 
The Level of Detail will be used keep a game object at a good quality if it’s close up to the player or far away from the player without the games frame rate dropping due to the high quality of the specific object.  The game object will be running in the latest version of the game engine Unity due to the fact it is free to use and the project researcher has past experience with this game engine.  
[bookmark: _Toc7610072]Objectives 
In this section, all of the objectives of the project will be highlighted. 
1. Researching a suitable 3D modelling software to create the game object e.g. Autodesk Maya, Blender. 
2. Research suitable Integrated Development Environments for the project e.g. Microsoft Visual Studio 2017. 
3. Research suitable software to display the project.

4. Research history of Level of Detail e.g. the different types, methods that are used for LoD, etc.
5. Create an algorithm in a suitable programming language which can move an object in the game world.
6. Create an algorithm in a suitable programming language which can change a 3D models Level of Detail.  
7. Research and implement a culling method into the algorithm.




[bookmark: _Toc7610073]Literature Review 
 
In this section of the report there will be background information about this specific project for example history of level detail or different techniques used in level of detail algorithms. 
Computer Graphics in the 1940s
 So the first subsection will be about the history of graphics right back to the computers humble beginnings, the first computer ever computer that came with graphics also known as the whirlwind which was developed at Massachusetts Institute of Technology or also known as MIT was created at the end of the 1940s, it came with a five-inch Tektronix display the computer also needed a quarter of an acre of space and 5,000 vacuum tubes [1]. 
The Whirlwind team had developed a diagnostic program which would output to the display, the program was going to each of the 5,000 test tubes once it hit a tube a corresponding spot on the display should light up but if one didn’t light up or some other interference occurred then the program would stop. Then the user would have to identify which spot caused the failure [1].
Computer Graphics in the 1950s
The next stage in the evolution of Computer Graphics started in 1956 which was the SAGE computer which was created for the United States of America air defence it could be used by multiple users and was an interactive system. The SAGE’s main function was to convert radar information into computer-generated images, the computer had two consoles an operator one console was used for graphics and the other was used for messaging [1].
SAGE stands for “Semi-Automatic Ground Environment” it was an air-defence network that was used by the United States military it was used to locate radar stations and detect incoming aircraft and o direct friendly aircraft towards them. [2]
SAGE had 23 bunkers across the United States and Canada, a single SAGE computer could track up to 400 aircraft at a time the SAGE computer was also designed to detect Soviet Union bombers and guide American counter missiles towards them and eliminate them. 
The graphics console was used to point out unusual aircraft by using a light gun which is a device that contains a little phototransistor also known as a photodiode inside the gun the phototransistor can sense the light that is being outputted from the monitor. The light gun also has a trigger switch the output from both the phototransistor and the trigger switch are fed into the computer. [3]  
SAGE’s prototype was given to the company IBM also known as International Business Machines for production of the machine. The next evolution of computer graphics would happen at MIT Lincoln Laboratory with the development of the TX-0 its original function was to test if transistor computer circuits and large scale magnetic core memory could be used also the TX-0’s Direct Input utility system was a big innovation at the time and was predecessor of operating systems that we use today. [1] 
The Utility system had a couple of utility programs
· One allows the user to type directly into the computer via an online typewriter.
· Allows the user to view or change program instructions.
· Allows the user to input certain parameters.
· Search for certain addresses (memory addresses).
· Also allows the user to perform many other programming tasks. [1] 
[image: Image result for the whirlwind computer]
Figure 1- Sage computer [4]

Computer Graphics in the 1960s 
A man named Steven Anson Coons [5] was the creator of different computer graphic techniques which was used to describe different types of object surfaces. The first of his work used a non-parametric method which then produces a surface that adds boundary curves. Coons other work was the “blending” functions and used the parametric methods. These ideas were created when Coon was working for the company Grumman Aircraft during the Second World War [1].
In the 1960’s Lawrence Gilman Roberts was the creator of the internet but in 1963 after he finished university and received his Ph.D. in electrical engineering still worked at MIT Lincoln Labs in the computer graphics field most of the time [6].
Lawrence Roberts also created multiple computer graphics techniques in the early 60’s he used a very early copying machine to scan in photographs into the computer, he also worked on compressing images to reduce the bandwidth size used to transfer these images to the computer [1]. 
After that Lawrence Roberts then tried to turn photographs into three-dimensional objects because of this work it helped develop feature and edge detection and also helped in solid object modelling, Mr. Roberts was successful in creating these 3D objects from the scanned photographs and was able to output them in line representation. Roberts also created the first hidden line algorithm and also joined math techniques of perspective geometry and matrices for perspective transformations [1]. 
Still in the early 60’s computer graphics programming is said to be the idea of Ivan Sutherland [7], who was a graduate at MIT in electrical engineering he created the foundation software for computer graphics programming, Sutherland's main goal was improving the interface which users used to interact with the computer itself [1].     
 Sutherland had said which areas that computer graphics will be most useful:
· One creating “highly repetitive drawing”.
· To make little changes to already created drawings.
· To understand either scientific or engineering problems that can only be described by graphics. 
· The last is graphical input for computer programs that need topological data, for example, structural analysis programs. 

Level of Detail
In this section of the report, we’ll be talking about different Level of Detail frameworks mainly about how they work what’re the advantages and disadvantages of using these frameworks
Level of Detail or commonly known as LOD is a term used to represent how much detail is on a video game object, for example if a game object is loaded into a scene and is really far away from the camera the objects level of detail will be very poor but the same amount of triangles will be used to render in the game object but the detail will not be noticed by the user [8].
Many people who specialize in computer graphics have struggled with the problem of how to have a great looking game object with a high level of detail but without losing computer performance, all graphics programmers know the strain between lifelike game objects and natural flowing animations and because of this strain this is where the level of detail was created [9].
There is an optimization technique called “Level of Detail rendering” which allows a user to lower the number of triangles that are used to render an object as the distance between the game object and the camera gets bigger [8].
As long as there’s not a lot of high rendered objects close to the camera at one time the stress on the computer’s hardware will be low and the games rendering performance and frame rate will be high [8].
Level of detail is very much relevant today there have been a lot of advances in graphical hardware but the strain between high detailed objects and smooth animation is still very much a problem, due to the more complex 3D models (these models are measured in how many polygons they have) that are being rapidly made it is hard for hardware to keep up, we also try to push the hardware by using more polygons than we need for certain models [9]. 
There are three basic frameworks which are used with the help of algorithms to manage gorgeous levels of detail their names are Discrete, Continuous and View Dependant below their will be little overviews of all three [9].
Discrete Level of Detail
Discrete level of detail is the more traditional way of level of detail it was created by James Henry Clark in the late 1970’s it has been used without any modifications done to it in many graphics applications today, this framework generates duplicates of all objects each object at a different level of detail this process is happening offline [9].
When the application is ready to run it will show the object with the appropriate LOD, when objects are further away from the camera the objects level of detail is less defined (fewer polygons are being used) this will then, in turn, increase the rendering speed [9].  
Due to the LOD’s are being generated in an offline process another process called the simplification process does not know which direction the objects are being viewed from, so because of this the simplification process will reduce the level of detail evenly across the object because of this we sometimes call discrete LOD’s as isotropic LOD’s
This framework has advantages due to “Decoupling Simplification” and rendering this framework is very easy to be programmed, a simplification algorithm (e.g. vertex clustering [10]) will take as much time as it needs to create LOD’s the “run-time rendering algorithm” needs to decide which LOD will be rendered in for every object [9].
Another advantage of using discrete level of detail is that it can fit into modern graphics hardware very well,0 with today’s hardware it is easier to compile each level of detail into triangle strips, display lists and vertex arrays and these LOD’s are much faster to render. [11]
There are also many disadvantages using discrete level of detail the biggest one is that it’s not suited for drastic simplification which simplifies a graphical model it’s not mainly used for large graphics models it’s mainly used for more medium sized models. [9] 
Continuous
Continuous Level of Detail created in the mid-nineties [11] is very different than the more traditional discrete Level of Detail instead of creating each level of detail individually the “simplification system” will create a structure full of data that will have a “continuous spectrum of detail”. The required level of detail will then be taken from this data structure at the run-time [9].
The main advantage of this is better quality of the level of detail due to the fact each objects level of detail is specified instead of selected only necessary polygons are being used, this will then, in turn, free up more polygons to render in other objects to the desired level of detail needed, better quality means better use of resources [9]. 
Continuous Level of Detail also supports the use of streaming polygonal models which is when a simple based model is followed by a stream of changes for the object to be dynamically integrated [9].
View Dependant
View-dependent level of Detail is an extension from continuous Level of Detail it uses view dependant simplification criteria to select the most suitable level of detail for the current view of the object so if the object was right up close to the camera the view-dependent level of detail would choose the Lode with the highest resolution, If the object was further away from the camera then the Lode would have a lower resolution [9].
Many complex and very large objects cannot be simplified to a good level without using view dependant Level of Detail techniques. Examples of big complex models are a stadium model which is a very big and complex object and another would be flying over a game terrain. [11] 

Suitable Level of Detail frameworks for video games
In this section of the report, there will be information on which Level of Detail framework is best suited for Level of Detail in video games also in this section it will be highlighted which one will be used in this project. 
Most current video games use a combination of geometric Level of Detail frameworks which are mainly from the discrete and continuous frameworks.  The Level of Detail data for a graphical model is created when the model goes to the export process which takes the model from the 3D tool into the game format. [9]
Due to all of the calculation-intensive processing which happens offline video games are allowed to use more complex metrics for simplification processes. Sadly, enough View Dependant algorithms have not been accepted by the game development community, due to their high run-time computation costs and also require more recalculations due to the models need to be reprocessed when they either move closer or further away from the screen or when they rotate. [9]
Games are the worst-case scenario for view development Level of Detail because many modern third person games use a camera scheme which rotates around the player, it causes frequent changes of the camera angle around the player and the game scene as well.  This doesn’t mean view dependant techniques can’t be used, they’re mainly used for terrain Level of Detail. [9]
Discrete Level of Detail 
One of the most commonly used Levels of Detail frameworks used in video games is the Discrete Level of Detail framework.  Video games can render meshes more efficiently when a lot of pre-processing is performed onto the data, due to video games needing a lot of pre-processing they rely more on discrete Level of Detail systems. [9]
So an example of this pre-processing could be in the form of loading screens so for example, a video game that uses a lot of loading screens would be the Bethesda game The Elder Scrolls 5 Skyrim, due to the fact it has a load of objects to load in at one time. 
This framework also provides other advantages as well because of most continuous Level of Detail methods assume we’re going to continue using the same vertex data again like for an example of this a continuous LOD uses a vertex removal algorithm which assumes that the vertices from the last LOD used is still the same, when using discrete LOD we are replacing the  LOD model but not only do we have the option of replacing that model we also have the option to change that model's geometric data as well. [9] 
This can be very useful to us because of the LOD model is becoming less detailed it’s much better to replace its texture mapping coordinates as well, when models are at a higher level of detail the model may have multiple textures or multiple sets of texture coordinates per vertex (which could be used for some sort of effect on the model), when the model is reduced in LOD the models textures could change to use fewer texture maps. [9] 
Discrete LOD allows us to use a lot of offline processing to make the final LOD model the best it can be this is the major advantage that discrete LOD has over continuous. 
There are two different types of discrete Level of Detail schemes that are used in video games they are called Shared Vertex Format and Separate Vertex Format here’s a little background information about both of them. [9]
The Shared Vertex Format uses a shared vertex pool so the original vertex data is shared between all of the LOD steps the step is basically using a smaller group of data which is related to the original data. The system will store separate iterations of the index list which stores each mesh face for very LOD, then the vertex data can be sorted into detail order. [9]
Then there’s Separate Vertex Format if the vertices are not being shared between the LOD levels then the system will replace one model after another one with different levels of detail, this is the simplest format of LOD management and it’s recognised as a viable way of managing Level of Detail in video games. [9]
The advantages of not sharing the vertex data between all the LOD levels is flexibility so that means the different levels of detail can use completely separate vertex formats and texture coordinates but the major disadvantage of using this approach is that the cost of memory to do this will be very high which can limit the number of detail levels the game can store. [9]

Continuous Level of Detail 
When you first look at continuous LOD it looks like it’s perfect for games, but the algorithm can continuously remove a model's vertices and faces which can make more use of the bandwidth inside the game engine.  There have been no recorded uses of continuous LOD in video games. There are reasons why continuous LOD should be used for game rendering. A major restriction we put onto our system is that we strictly base it on removing vertexes or half-edge reduction collapse (a method of reducing detail levels) instead of trying to do a more general vertex reducing method [9].
Due to the fact, we are using either vertex removal or half edge reduction it shows us to try and avoid creating new vertex data or changing it. By allowing each continuous LOD step to be either a vertex removal of half edge collapse it stops us from changing or adding any new vertex data to the key vertex data [9].
There are some problems when using continuous LOD the major problem is vertex cache coherence, in the cache all the triangles or polygons of an object are being reordered so that cache performance can be amazing on hardware like very expensive PC’s this performance is achievable when using long offline processing but this amount of reordering is not achievable in runtime due to the fact vertices are being removed constantly and other data is being reprocessed again and again  which means our model will look awful and the performance of the system will decrease [9].
Now after looking at the different frameworks used in video games the framework that will be used in this project will be the discrete level of detail specifically the Separate Vertex Format so all the models that will be created will have different vertex positions and will not be shared between each other. 
Methods for selecting the Level of Detail
In this section we’ll be talking about the methods for selecting different levels of detail there are many different types of methods a certain method is based on when a certain requirement is met, this method is called Distance selection and it will be the main method used in this project. 
Nearly all LOD selection algorithms are mainly based on the distance between the game camera and the game model which is being viewed by the player, in a game environment which uses real-time there are some other factors we have to take into account when calculating the distance between the camera and the object. 
Firstly, make sure the selection is based on the true 3D distance from the camera to the object instead of relying on the screen depth of the object. If the selection was based on screen depth when the game camera moves rapidly it could cause visual anomalies which are probably going to be more noticed by the players. [9]

Also when having selection based on the distance it’s good to set up tolerance factors which stop a game objects LOD from the slightest change in distance between the camera and object. So for example what players don’t want is to make the slightest tap of the keyboard which makes the player move a single step and then make the detail level completely different. 
The ideal factor is when the player moves a longer distance then the level of detail will change. 
Another method for selecting the right Level of Detail is using game-specific metrics so this means when the player is in interactive play the Level of Detail will be standard but once has the player has completed a mission they will hit a cut scene. 
 This cut scene will be non-interactive so the player will not be able to move the character model or the game camera as well during this scene the Level of Detail will be increased greatly and the frame rate will be increased from the standard 30 frames per second to 60 frames per second. 
The reason for the increase in frame rate and detail level is due to the fact the game engine can tell when it’s showing cut scenes or non-interactive gameplay and because its non-interactive content the game engine can devote more processing power to showing more complex geometry and shaders. So the cut scenes will look less like a video game and more of a high-end CGI movie an example of this would be Halo 2 anniversary on the Halo Master Chief collection by 343 Industries.      
Frame Rates   
This section will be about frame rates which will be measured in this project when there are multiple objects in the scene with high or low Level of Detail and see if the framerates are high or low.   
One of the key points in the level of detail in video games is frame rates and then frame rates are measured in hertz [Hz] which is used to measure temporal detail, the frame rate is the number of frames that can be rendered into the scene per second.
Frame rates are not a constant setting it changes all the time due to the fact everything in the game scene is constantly changing new game object coming into the scene, objects going out of scene getting closer to an object, moving further away from an object. 
Most of the modern game consoles can run games at 30 to 60 frames per second but most game consoles lock their frame rate at 30 fps. Most current gaming computers can run games at a constant 60 frames per second with little to no frame lag. Frame lag can either be caused by an insufficient graphics card which can’t cope with the constant alternating frame rate. 

Texturing and Modelling
This section will have a small overview of texture mapping due to the fact texture maps give objects more Level of Detail but sadly due to time constraints, texture maps will not be used during this project.
The main texturing and modelling techniques used throughout the history of the computer graphics field is the procedural techniques, the earlier techniques incorporated procedural definitions of geometric shapes and surface colours, thanks to these early techniques, procedural techniques have become the main technique used for modelling, texturing and animations [12]. 
In the 1980’s when video games were becoming more mainstream and popular culture, procedural techniques were used to create realistic looking textures, for example, stone or wood and other materials, which then evolved to procedural modelling which was then used to create models of water, fire, smoke, etc. [12]. 
Thanks to Pixar’s shading language Render Man [12], the use of procedural techniques was increased and helped create some of the best CGI (Computer Generated Imagery) for the most iconic films for the past 30 years, some of these films include Disney’s Toy Story, The Jurassic Park franchise and Lord of the Rings, etc.
Due to modern hardware mainly the CPU and GPU becoming more powerful and available on cheap PC’s and games consoles e.g. Microsoft’s Xbox One and Sony’s PlayStation4 this has started the age when developers can create more interactive complex models and effects [12]. 
Now for the main part of the section what is a procedural technique, well procedural techniques are code segments that embody a certain attribute of a computer generated model or effect using mathematical functions to define the attribute [12].
There are advantages of using Procedural Textures firstly is their small file sizes they are mainly measured in kilobytes and the size of its texture image is mainly in megabytes, a procedural texture has not got a fixed resolution which means the textures level of detail is fantastic no matter how far away the object is from the camera [12]. 
A procedural texture hasn’t got a fixed area so the texture can cover very long distances without the texture looking awful so a texture like this would probably be used for map textures or for very large buildings [12]. 
With advantages there’s also disadvantages and procedural textures are no acceptation first procedural textures are really hard to create and run the more detailed the texture the harder it is to program, procedural images can be very hard to control that’s why some people just scan in a texture image and then apply it to the object, it can take a long time for the procedural to be applied than using a stored texture instead [12].
Meshes
Meshes are an accumulation of vertices, edges, and faces that are used to create a lot of the 3D models that are used in games today, the meshes are used to give a 3D object a level of detail, there are two main types of meshes there is the polygon mesh and then there is the triangle mesh, the vertexes use certain titles to reference the three different axis coordinates so the X-axis would be the models height the Y-axis would be the models width and the Z-axis would be the models depth [13].
To make an object look realistic and smooth the mesh must have a high amount of polygons or triangles, each individual polygon or triangle in the mesh has a face, these faces have surface information so when the mesh is rendered the rendering engine will take the surface information to calculate the lighting and shadows for the 3D models.

Frustum Culling and Occlusion Culling  
The main idea of the frustum culling method which is used in video games to reduce the number of objects visible in the game scene so that the system performance can stay at peak performance [14]. A frustum is a shape which looks like a pyramid without a top the top of the shape is the region that is seen and rendered by the game camera.  The frustum has six planes first there is the near plane so the plane closest to the camera, then there’s the far plane so it’s the plane furthest away from the camera, the other planes create the frustum when a 3D model is outside the frustum planes the objects will disappear. 
[image: http://paulbourke.net/miscellaneous/frustum/frustum1.gif]
Figure 2- Frustum camera [15]

Occlusion culling is a little bit different from frustum culling as stated before all objects that are not in the player’s view won’t be rendered in but all the objects in the player’s view will and this will take up a lot of CPU performance to render in all these models, but with occlusion culling if there’s an object in front of another the first object will get rendered in but the second object won’t which will save precious CPU time the object will only get rendered in if the player looks directly at the second object [16].

Applications considered for the development of this project 
In this section of the report applications considered for use in this project will be highlighted and why it’s necessary for the programs to be used. 
Code editor 
The first application that may be used for this project is Microsoft Visual Studio [17], first off here is a brief overview of what Visual Studio is an Integrated Development Environment or also known as an IDE which was developed by Microsoft to allow a user to create, edit or debug code [18]. Visual Studio is used all around the world for all types of software development whether it’d be to create a computer network to being used for graphics development.
The version of Microsoft Visual Studio that will be used in this project will be the 2017 version, due to the developer of this project has used this application a lot more than any previous ones and the more current version of the application as well which is Visual Studio 2019. 
Visual Studio is a very universal tool it supports different coding languages whether it be C language or C++ or C# to JavaScript to Python language, the main coding language that will be used in this project will be C# due to the fact that one of the other applications considered for this project does not support C++.
Another IDE that is up for consideration to be used for this project is the fairly popular and free open source software Code::Blocks [19], it can be used on all platforms like Microsoft Windows or the Linux operating system.
In Code::Blocks only three languages are supported they are C, C++ and Fortran so due to this IDE not supporting C# it is highly unlikely that Code::Blocks will be used for this project. Another reason why Code::Blocks is probably not going to be used for the project is that it’s a very lightweight IDE and it’s not very well suited to big projects and the project needs a reliable IDE. 
One of the last IDE’s that could be used to develop this project is NetBeans another free open source application developed by the Apache Software Foundation, it’s cross-platform so it can be used on all operating systems (Windows, Mac OSX, Linux) [20].
NetBeans provides editors, templates, etc. to help the user to create hundreds of applications in different coding languages whether it’d be Java, C/C++/C#, PHP, etc. [20], this is why NetBeans maybe used the downside is that NetBeans has an unfamiliar UI and may take a lot of time to learn.

Games Engine 
The second application that will be used for the project is the games engine Unity which is a free multiplatform games engine created by Unity Technologies [21] that is used to create two dimensional or three dimensional and also virtual reality (VR) video games and is used by most indie games developers.  
The version of unity that will be used for this project will be Unity 2017.2.0f3 because the project developer has past experience with this version and is more comfortable using it than having to learn the most current iteration of Unity. 
As stated in the code editor section of the report Unity scripts which are sections of code which are attached to an object and gives the object different behaviours so, for example, to move around if a certain keyboard key is pressed, the scripts can only be coded in C# the scripts cannot be written in the C++ language. Thankfully the project developer has experience with C# and will not have much trouble writing the language.    
Another games engine application that’s up for consideration for this project is the CryEngine software [22] which was developed by the German game's developer Crytek, to develop the first person shooter Crysis and its sequels and one of the first Xbox One game Ryse Son of Rome.
Unlike Unity the CryEngine uses C++ instead of using C# which does make Cryengine a more obvious choice because the developer of this project can use C++ more than C# but there’s a problem the device that will be used to create this project does not have the required components to run the CryEngine application mainly the graphics components [23].    

3D Modelling Software
The third application that may be used for this project will be the 3D modelling software Maya, the application was developed by the company Autodesk its main function is to create 3D animations, models and simulations. For this project, Maya will mainly be used to generate 3D models each with a unique level of detail [24].
The version of Maya that will be used for this project will be Maya 2018 which is one of the most current versions of Maya and also as stated in the sections above the project developer has used this software before and doesn’t have to spend time learning how to use the newest iteration of the application. Thankfully the developer doesn’t need to use any coding language to use this software but if the project was different and the developer wanted to use Maya more the developer would have to learn MEL (Maya Embedded Language) [25]. 
Although there’s a wide variety of modelling software instead of using Maya the project developer may use the blender software which is free and also an open source bit of software which is used for 3D modelling, rigging, animation and game creation [26].
The problem with using blender is that its new software to learn in so little time the project developer would have to learn blenders UI (user interface) and may have to learn the Python language due to blender using Python for its scripting API [27].   



[bookmark: _Toc7610074]Research Methodology 
Firstly, research methodology is split into three sections the first section is the research philosophy which is a belief about the approach which data about a certain situation is gathered, analysed and used. The second section is the research approach; a research approach is basically a plan which consists of little steps which have details of how to collect data to complete a hypothesis [28]. The last section will research strategies which are the way how data is collected. 
The research philosophy that will be used for the Level of Detail project will be the positivism method is more of a scientific and mathematical approach to tackle a problem. It only uses factual knowledge which is based on either observation or experience of phenomena, these phenomena are created by an experiment, etc. [29]. There are many features that are included in the positivist method.
1. The positivism method mainly produces quantitative data, in other words, a lot of data which are represented by values, tables, charts, graphs, etc. [29]. 
2. Positivism is mainly used when testing a theory. [29] 
3. The data that is produced is precise and specific to the theory [29].
4. The location where the experiment is being carried out is all artificial [29]. 
5. The reliability of the positivism is very high so if this experiment was to be conducted again the results should be the same [29].
6. The validity of the positivist method is very low so this means the research of a topic chosen isn’t very good [29].
Another research philosophy is the phenomenology its very different from the positivism approach instead of producing quantitative data it produces qualitative data (non-numerical data). This method is mainly concerned with creating a theory, the data from this philosophy is rich and related to the subject being researched. The location where the data is being collected is natural due to the fact most phenomenological projects collect primary data from surveys and questionnaires, but due to the data being primary it’s not really reliable cause the data comes from many different people with different opinions, but the validity of this philosophy is really high [29]. 
The approach that this project will undertake will be the deductive approach this means a theory or hypothesis must be created so in this project's case is that a Level of Detail algorithm will be created, also a research strategy must be created to test this theory.
The deductive approach is being used for this project because this certain approach uses more scientific principles than the inductive approach that is why most scientific or mathematical theories use this approach, also the deductive approach is being used because emphasizes moving from theory to data.  

[image: https://saylordotorg.github.io/text_principles-of-sociological-inquiry-qualitative-and-quantitative-methods/section_05/dde2e65b46259bbe3fc2d0e9bde423ee.jpg]
Figure 3 - Deductive method [30]
There are advantages to using the deductive method
1. It’s possible to measure theories quantitatively [31]. 
2. It’s possible to generalize the research findings of a certain theory for an entire field [31].
3. The last advantage is that relationships between two different concepts can occur [31] e.g. if someone wanted to test a certain variable in a VR (virtual reality) environment and then another researcher wanted to test a different variable in VR they can come together and help each other with their research only to a certain extent. 
Another research approach is the inductive approach mainly wants the project developer to go and collect qualitative data (via surveys and questionnaires) then analyse that data then develop it into a theory, this approach wants the project developer to acquire an understanding of the value that people attach to events [29]. The induction method is unlike the deduction method because it has a more flexible structure which allows the research theory to change as the research project develops. 
The research strategy that will be used for this project will be software development and an experiment so this strategy requires the project developer to develop and test a software application to make sure that it runs and works without any bugs or problems and also a document review which will record all the experiments findings and research. These three strategies are mainly used for experimental projects but another strategy for development projects is software development, document review and to create a case study.
[image: ]
Figure 4 - Research Methods [29]
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There is a range of different types of software development methodologies, these include:
· Waterfall Methodology
· Spiral Methodology
· Agile Methodology 
Waterfall Methodology 
The Waterfall Model is one of the most traditional models in software development, the waterfall model begins with creating a concept or theory after this section the user then must define the requirements that are needed to create the software and also define what the software is required to do, then once the requirements are defined then this is when the design stage starts in this stage the user will have to design the software so how it will work, what it will look like etc. [32].
The next stage is the implementation stage in this stage is when the project developer actually creates the software application in a IDE, after the implementation stage theirs the testing this is when the software application is rigorously tested to get rid of any obvious bugs and also to test if the software can complete its task without any failures, the last stage is the operations stage or also known as the maintenance stage this is when the software application is tested and its working in the programs lifetime it has to be updated to make sure that the application is running smoothly with little to no bugs or errors [32]. 
[image: Waterfall Methodology]
Figure 5- Waterfall Method [33]
The waterfall methodology has many advantages firstly the project requirements are clearly identified and will not be changed at all throughout the project lifetime, the waterfall method gives the project developer starting and finishing points for each phase in the method which makes the project progression easy to track, another advantage is that all project tasks try to stable throughout the project [34].




The Waterfall method has many disadvantages to it as well one all of the requirements for the project must be known before any development happens due to this the project takes a lot of time to start, as stated in the advantages section the requirements cannot change and due to this it makes it impossible to make any changes at all when developing, the last disadvantage is that there’s a lot of need to strictly manage and monitor the project so that the project can be completed by the deadline [32]. 
Spiral Methodology
The next development methodology that will be stated in this section is the Spiral Methodology, the Spiral Methodology is a risk-driven model. A risk-driven model advises the project developer to use a small number of architecture techniques to reduce the risks of the project failing [35]. In the diagram of the spiral model the spiral model has a lot of loops which are most commonly called a phases but the number of phases the model has depends on the size of the project so if a project was small then it wouldn’t have many phases but if the project was a big project then the model would have many phases, the number of phases is determined by the project manager this means the project manager role is very important to the development of the product [36]. 
[image: https://cdncontribute.geeksforgeeks.org/wp-content/uploads/spiral-1-1024x945.jpg]
Figure 6- Spiral Model [37]

Every phase of the spiral model is split into four different segments every segment has a function here’s a brief overview of them. 
1. Objectives determination and identify alternative solutions: In this segment, the requirements and objectives of the project are established and this will happen every phase of the project [36]. 
2. Identify and resolve Risks: in this segment possible solutions to complete the project are identified and evaluated to see which solution is the best and all the risks that came with this solution as will are identified and what is the best way to resolve these risks [36]. 
3. Develop the next version of the Product: In this segment, all the identified solution and the features that come with it are developed and tested over and over until a prototype product is developed [36]. 
4. Review and plan for the next Phase: In this last segment, the prototype software is evaluated so that the next phase of the spiral model can begin [36].
Like the other development models, the spiral method has many advantages one the spiral method is very flexible so if the project requirements need to change the model allows them to be, next the spiral method is really good for big and complicated projects, the last advantage is that if the chosen project has a lot of risks to it in each phase risk assessments are carried out to lower the number of risks [36]. 
There are also many disadvantages to this model as well one as shown in the image above the model can be very complex it’s the most complicated software development model to date, next this model is not to be used for small projects because it can become very expensive, next is the risk analysis its greatest advantage is its greatest weakness the model depends on it too much, the last disadvantage is that it’s difficult to time management due to the fact the number of phases is not known at the beginning of the project [36].    

Agile Methodology
The last methodology that is considered for this project is the Agile Methodology this methodology is very different to the other two methodologies in most projects the requirements need changing the agile method allows project developers to do this [32]. 
There are two types of Agile method there’s the Test-driven development and the Scrum method which will be the method being looked at in this section, unlike the other methods this one allows the project developer to implement new features to the project fairly quickly. These implementations are to be completed in short amounts of time around about three to four weeks these implementations are also known as sprints these sprints are created by the project manager which is also known as the scrum master [32].   
The most important part to implement this method successfully is how much work the development team can do they have to meet up with each other daily to talk to each other about the software development to resolve any bugs or errors with the software and to implement the software requirements quickly [32].
[image: SCRUM_Methodology]
Figure 7- SCRUM Method [38]

There are many advantages when using the Agile Scrum methodology allows the project developer to easily deliver a good product in a good amount of time, one of the biggest advantages of this methodology is that it’s fast-paced the project can be developed and tested quickly and if an error does come up it can be hanged quickly,  thanks to the sprints being short the project can cope with any changes more easily, another advantage is that the bugs in the program can be indicated early thanks to the constant meetings the project teams have [39].
The scrum method does have some disadvantages as well one if any member of the development team leaves it can have a huge impact on the project but the other members should cope due to the project teams having daily meetings, if project members aren’t committed to the project could take a long time to be developed or could never be developed at all, the Scrum method isn’t really good for big projects its mostly ideal for small, quick projects but thankfully this project is a small project so it will not be hindered by this disadvantage [39].  
The methodology that will be used for this project will be the SCRUM method due to the fact it’s fast pace so the project can be developed very quickly which is needed due to the fact this project has a very short time to be completed also cause the requirements of the project may be subject to change the SCRUM method id the most flexible out of all of the stated methods. Another reason why the SCRUM methodology is being chosen is because of the constant meetings with the project supervisor to keep the project developer on track and can get the project completed and successfully working in the given amount of time.  
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Within this particular section the design of the software will be outlined along with its processes.
These are the requirements needed for the project to be successful. 
Requirements
· Creating 3D models in Autodesk Maya for each model that is created the amount of polygons is reduced.
· Get the objects into Unity.
· Create a camera object in Unity.
· Have an object in the scene. 
· Get the 3D models to move in Unity.
· Changing Model level of Detail 
Creating 3D in Autodesk Maya
The 3D models will be created in Autodesk Maya 2018 the 3D models are going to be needed to represent different levels of detail which are being changed constantly. These models will have their amount of polygons reduced by using Mayas reduce tool which allows a user to reduce a models polygon count by using percentages, each model will have their polygon count reduced by 15.
Creating a camera object
The algorithm needs a game camera object so the user can see the 3D model in the game world also the camera is needed because the 3D models Level of Detail will change based on how close or far it is from the camera so without this object the main algorithm will not work.
The way this object will be created is by using Unity’s game object tab and selecting the main camera option this will in turn create a camera.  
Have an object in the scene
The game object must be in the scene so that the camera can view it and the user can also view the objects Level of Detail being changed. To do this firstly the 3D objects that’re created in Maya will be exported into .obj files which will also come with their material files and then by using the file explorer the models will be dragged into the projects assets folder, which will then make the models usable for Unity. 
Get the 3D models to move in Unity 
The algorithm needs to be designed and implemented for this project to work without this algorithm the level of detail algorithm will not work at all because the level of detail algorithm bases the amount of detail needed on a 3D model whether how close or far away the 3D model actually is from the game camera.
This algorithm is going to be designed to do is be attached to a game object this will allow the game object to move around the game camera in any direction.
Algorithm Requirements
· Allow any 3D model to move left of the camera.
· Allow any 3D model to move right of the camera. 
· Allow any 3D model to move towards the camera. 
· Allow any 3D model to move away from the camera.
The method to undertake this problem is to probably use if statements these if statements will probably be activated by using a trigger event this event will most likely be a user input event e.g. the user pressing a certain key on the keyboard, once the event has been triggered depending on what key the user has inputted the 3D model will move in the corresponding direction of the key. The keys will most likely be the up, down, left, right arrow keys to not confuse anyone who’d wish to use this software.
Level of Detail algorithm with frustum culling 
This is the main algorithm that’s the centre of the whole project, what the project is required to do it is required to be attached to a game object which in this case it will be 3D model or in this case a group of models all with different levels of detail in the same position in the scene, the algorithm must then be able to change between the different models based on the distance from the camera so if the object was up close to the camera then the model with the highest Level of Detail will be viewable but then if the object was further away from the camera then the model with the lowest amount of detail will be viewable, another requirement for this algorithm is to be able to frustum cull an object(see literature for more details).
The way that’ll be used to undertake this problem is first defining all the variables that will be used in this algorithm so first all the models, distances that’re going to be used and also define an update timer this will be used to track how long the object takes to update and render in the next model.
The next step is to try and figure out how to try and change an objects Level of Detail so the best way to do this is to use if statements so if the object hast reached a certain distance then it would stay on a certain level of detail but once it exceeds the certain distance then the level of detail on the object will change then this process would then be repeated for every level of detail. Also the camera distance must be calculated this will probably be done by using a for or while loop. The last step is to figure out how to cull the object out of the scene once a maximum distance has been reached so it would be another if statement if the maximum distance has been reached then the object would be culled.
(Main algorithm in pseudo code)
While(true) 
{camera distance = (vector distance (camera position, transform position)
If (camera distance is less than distance 1)
Show LoD 0 = true;
If (LoD1) = false;
If (LoD2) = false;
If (LoD3) = false;
If (LoD4) = false;
If (LoD5) = false;
If (LoD6) = false;
}
This if statement should then be repeated but a different model would be set to true.
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Phase 1 – Create Level of Detail models 
Plan: The plan for this phase is to generate seven graphical models with different Levels of Detail per model. 
Implementation: As you can see in the screenshots below the project developer has opened Autodesk Maya 2018 and has generated a torus object and has used the reduction tool to reduce the number of polygons that the torus has, each torus has the polygons reduced by fifteen percent. 

[image: ]
In the screen shot above it shows a model being created in Autodesk Maya 2018 and is having its polygon count reduced by 15 percent this is the same for each of the seven models.
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Phase 2 - Get unity working?
Plan: The plan for phase 2 is to get the unity project up and working ready.
Implementation: In the screenshot below it shows the project developer opening Unity version ready to create the project.
[image: ]

Phase 3 – create a camera object to view the scene 
Plan – The plan for this phase is to create a camera object which will allow the project developer to view the scene while unity is in play mode. 
[image: ]Implementation – In the screenshot below it shows the project developer going to the Game Object tab in Unity which will create a camera for the project developer. 







[image: ]

In the screenshot above it shows the camera object has been renamed to the main camera so that anyone who uses this programme will know that this object is the main camera. 
Phase 4 - Have an object in unity	
Plan: the plan for the phase is to have an object in unity but instead of just creating one with unity, the objects will be saved from Maya and will be imported to unity and will be dragged onto the scene.
Implementation:
[image: ]As you can see in the screenshot all of the levels of detail objects and their material and metafiles have been imported into the projects asset folder, which means the project developer can now access the objects in unity.  
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As you can see in this screenshot the objects and their material files are now accessible in the assets folder.
[image: ]
In the screenshot, it shows all seven models with different levels of detail on the scene. 









Phase 5 – Get an object to move in unity
Plan: The plan for this phase is to create a C# script in unity which will allow the Level of Detail models to move to and away from the camera.  
Implementation: So in the first screenshot it shows the C# script open in Microsoft Visual Studio 2017.
[image: ]in the screenshot it shows a lot of if statements now these if statements are activated when the corresponding button on the keyboard is pressed so if the left arrow is pressed when the first if statement would happen when the game object would move left, if the right arrow was pressed the object would move right, if the up arrow was pressed the object would move away from the camera and if the down arrow was pressed then the game object would move towards the camera. 





In the screenshots below, it shows the script working and the object moving to the stated positions. 
The object moving to the left of the camera:
[image: ]
The object moving to the right of the camera:
[image: ]
The object moving away from the camera:
[image: ]


The object moving towards the camera:
[image: ]

As you can see in the screenshots above the model is moving in the directions specified by their subtitles this means that the object movement script is fully functional. 
Phase 6 – get the objects Level of Detail to change based on how far away the object is from the camera 
Plan: The plan to complete this phase is to create another C# script which will allow the objects level of detail to change based on how close and how far away it is from the camera and if the object reaches its maximum distance away from the camera then the object will disappear from the screen entirely.
Implementation: So the first thing to do to get this phase completed is to create an empty game object via the game object tab. 
[image: ]
This game object will be called LoD_Container due to the fact it will contain all of the Level of Detail objects inside of it. In this next step, all seven of the models will be dragged into the object and all of their positions in the game world will be changed so that all of the objects will be melded into one. 
[image: ]


The next thing to do is to apply the movement script to the container object which will allow the object to move. 
[image: ] As you can see the movement script is applied to the game object. 



The next thing to do now is to actually create the script which will allow the container object to change Level of Detail based on the distance from the camera and then apply it to the object group.
  [image: ]
First, the variables that are used for the algorithm to work are defined above the algorithm also an add component menu has been added so that a user can change the distance variables to whatever is desired in a Unity menu and not have to change the script at all. The variables are the game objects themselves and the main camera the cull mesh which will be talked about more further in this section the check interval which checks every second if the model has reached a certain distance which is set to one, the actual distances from the camera and a distances variable which will house the distance variables. 
[image: ] In this screenshot it shows the actual algorithm at work first it will start with the distance check then it will go to the while loop which is set to true then first it defines what distances is and it’s the camera distance calculation next it will go to the if statement which is if distance one is less than the camera distance then Level of Detail object one will appear and the other objects will not and this if statement is repeated eight times seven of them is for each Level of Detail.
The eighth if the statement is used for something called a cull mesh which was mentioned earlier now what the culled mesh does is when the game object reaches the maximum distance between itself and the camera it makes the object disappear from the scene until it comes back into the distance range.
[image: ] 
In the screenshot below, it shows this script is applied to the game object and the culled mesh is active and all the distances are pre-set.
[image: ] 
The Level of Detail objects are assigned to their respected sections and the camera object is set as well. 












Now that all the fields are now set now the actual test can be carried out to see if the algorithm will work. 
[image: ]In the screenshot, it shows unity running in play mode so there are no visible errors, in the left-hand side of the screenshot it shows that the active object is LODobj_0 which is the object with the highest level of detail.
[image: ]Now in this screenshot, the object has moved further away from the camera and in the left-hand side, the screenshot shows that the active Level of Detail is LODobj_5. 
[image: ]
In the screenshot, it shows unity in play mode and the LoD_Container object is not on any of the LOD models due to the fact that the object has gone over the maximum distance so the culled mesh has been activated. 
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This section will evaluate all the data that has been collected from this project and look at if the research conducted backs up this project and also look at if this project has met the aims and objectives that were defined at the beginning of this project, also if the project was to be developed again what would’ve been done differently.
Conclusions from the data
The main conclusion from the data is that the Level of detail algorithm, which is based on the Discrete Level of Detail method, successfully works. The Level of Detail of the model can change based on the distance between the object and the camera in a certain amount of time, which in this project is one second. 
This one-second delay is a benefit because in this scenario the user gets to see the rendering happen which ensures the algorithm is working. 
This length of time to render the object is relatively slow when compared to more professional algorithms which use the Continuous Level of Detail method. As the name suggests the continuous method continuously renders and changes the models constantly eradicating the time to wait for the model to render. Also because the model is taking a long time to render it’s using a lot of processing time to render. 
Another point to make is the movement of the object thankfully the script which makes the object move does work but the downside is when the object does move it’s not a fluid movement it’s very rigid and it takes away the illusion of the level of detail fluidly changing when the object moves. Also as stated in the last point it is a good thing because the user is seeing the rendering process happen which shows that the level of detail algorithm is working and is changing the models level of detail based on distance from the camera.
Another conclusion is that the frustum culling that has been implemented works, so once the object reaches the maximum distance between itself and the camera the object disappears until the object comes back into range. This is a big benefit because if this project was to be developed further and there were multiple objects in the scene and most of them were at maximum level of detail all of the objects which are the furthest away from the camera will be culled out of the scene, this means that more processing power can be used to render in the new models instead of spending precious resources rendering in those unneeded models.  





Did the data back up the research in the literature review or not?
Looking back at the data that was collected in the literature review that was conducted this was then compared to the data that was generated by the algorithm, the literature review data reinforced the data that was produced by the algorithm.  
Were the aims and objectives met or not 
So the overall aim of the project which was to produce a Level of Detail algorithm using a suitable Level of Detail method. The overall project aim was met the objectives to meet the overall aim were met and they’re discussed below. 
Looking back at the objectives set out from the start of this project the end product has most certainly reached those goals with ease, the aim was to successfully create and implement a working Level of Detail algorithm with a culling feature in this case frustum culling in a suitable IDE which was Microsoft Visual Studio 2017 using the C# language.  
Another objective to research a suitable 3D modelling software to generate a 3D model with different levels of detail this objective was achieved when the Autodesk Maya 2018 application was researched.
 A suitable software to display the project was researched this led the project developer to use the Unity game engine application. The research into unity allowed for the design and importing of a game object as well as the ability to move this game object around in a 3d game environment. 
The research into the Level of Detail method was extensive and from that it was derived that the most suitable was discrete Level of Detail this was then produced in Microsoft Visual studio 2017 and then was displayed in unity 2017. 
The research into the different types of culling methods was pretty narrow so it was very difficult to try and implement a culling method however the research lead to the frustum method and this was implemented into the project.
Looking back 
If this project was to be undertaken again then there are multiple things that would be edited mainly the level of detail method used instead of using discrete level of detail the continuous method and the view dependant would be implemented however due to time constraints, it was just not possible to do and discrete level of detail is still a suitable method to use for a single level of detail implementation.
Another point that would be edited is using an alternative method of viewing the 3D model so instead of using just the unity game engine the OpenGL graphical output could’ve been used as well and they could’ve been compared to each other by using user testing which would involve an audience comparing both methods displayed on a screen and choosing which one they prefer. 
The model used in this project was not complex enough so if this project was being redone a more complex model such as a moving humanoid form model would be used.
[bookmark: _Toc7610079]Conclusions and Recommendations 

This project was started off by creating the projects aim and the objectives to reach this aim. One of the objectives was to research suitable level of detail frameworks and information surrounding this subject to make this project possible, so the first subject that was looked at was the early history of computer graphics this then led into the main subject of the project which is level of detail, so this then carried onto the different methods of level of detail these methods were researched thoroughly and extensively and a suitable method was chosen to implement in a video game environment. This research then led onto what makes a good level of detail in video games which led into research about the use of frame rates, textures and modelling which then led onto the research of meshes and the culling of objects and why they’re needed. 
With all the background information collected it was time to think about the methods of how the research is going to be conducted, this laid the path to look into the different methods of research this the carried onto the positivism philosophy which is mainly used by software developers, now that the philosophy was defined the approach was made easier to define which was the deductive approach which is used for software development projects, with the approach now defined this made the decision of which strategy to use to develop this project relatively easy and strategy chosen was software development.  
Now that all of the research was collected the question of how the project is going to be developed was asked this lead into the research of which development method was going the most suitable for this project, three approaches were looked at in the development methodology of this project and looking at the time given to complete this project this made choosing the SCRUM method very appropriate. 
Now the development method was chosen it was time to design the project how it was going to work and what processes it was going to complete, this led into research about LOD grouping which is the main method used to create level of detail in unity but this also led to a bit of information drought because there was not many examples of level of detail grouping in C#, there was mainly examples in java or the manual way using unity’s menu but thankfully there was some information on C# but very little. 
Now came the testing of the software thankfully there were not many errors with the code, the only big errors about the code was the wrong names were used which led to the scripts not attaching to the objects, thankfully these errors were solved and the scripts were attachable and all of the scripts functioned to their desired capacity. 
Lastly there was the evaluation stage this then reviewed the entire development stage and explains what could’ve been implemented if more time was given or if the project was done again. 


if this project was to be continued on a variety of level of detail methods would be implemented to compare and contrast the different methods and their quality also a variety of culling methods would be introduced as well. More testing could be conducted on how people perceive the level of details giving their opinions on how smooth the models change do they see any noticeable difference between the objects. 
[bookmark: _Toc7610080]Reflections
During research and development of this project there was an extensive amount of information that was learned mainly how much research time and effort that is put into level of detail in video games, because without level of detail video games would be a very dull experience because there’s nothing visually stimulating for the user to get involved in. 
The creation of the projects was very enjoyable and it was very stimulating the extensive research conducted showed a lot of information that was unknown about level of detail and how much work goes into it. 
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Appendix
using System.Collections;
using System.Collections.Generic;
using UnityEngine;


[AddComponentMenu("Level of Detail")] // the add component menu allows the user to change the script components in the component menu in unity.
public class LoDChange : MonoBehaviour {

    public GameObject LODobj_0; // game object with the highest LOD
    public GameObject LODobj_1; // game object with the second highest LOD
    public GameObject LODobj_2;  // game object with the third highest LOD
    public GameObject LODobj_3;  // game object with the middle LOD
    public GameObject LODobj_4;  // game object with the third lowest LOD
    public GameObject LODobj_5; // game object with the second lowest LOD
    public GameObject LODobj_6; // game object with the lowest LOD
    public GameObject MainCamera; // game camera object
    public bool cullMesh = false;
    public float CheckInterval = 1f;
    public float Dist1 = 10; // distance from the camera  
    public float Dist2 = 20; // distance from the camera  
    public float Dist3 = 30; // distance from the camera 
    public float Dist4 = 40; // distance from the camera 
    public float Dist5 = 50; // distance from the camera 
    public float Dist6 = 60; // distance from the camera 
    public float Dist7 = 70; // distance from the camera 
    private float distances; 

    // Use this for initialization
    void Start ()
    {
        StartCoroutine(DistanceCheck ()); 
	}

    IEnumerator DistanceCheck ()
    {
        while (true)
        {
            distances = Vector3.Distance(MainCamera.transform.position, transform.position); // camera distance calculation

            if(distances < Dist1) // if the camera postion is less than distance one then it will show the highest LOD object
            {
                LODobj_0.SetActive(true); // as you can see the highest LOD object is active the rest are off 
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            else if(distances > Dist1 && distances < Dist2 && LODobj_1) // in this line of code if the object is further than distance one  but not as far is distance two the game object one will be active its the same as the other else ifs 
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(true);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            else if (distances > Dist2 && distances < Dist3 && LODobj_2)
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(true);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            else if (distances > Dist3 && distances < Dist4 && LODobj_3)
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(true);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            else if (distances > Dist4 && distances < Dist5 && LODobj_4)
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(true);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            else if (distances > Dist5 && distances < Dist6 && LODobj_5)
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(true);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            else if (distances > Dist6 && distances < Dist7 && LODobj_6)
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(true);
            }
            else if (distances > Dist7 && cullMesh)
            {
                LODobj_0.SetActive(false);
                if (LODobj_1)
                    LODobj_1.SetActive(false);
                if (LODobj_2)
                    LODobj_2.SetActive(false);
                if (LODobj_3)
                    LODobj_3.SetActive(false);
                if (LODobj_4)
                    LODobj_4.SetActive(false);
                if (LODobj_5)
                    LODobj_5.SetActive(false);
                if (LODobj_6)
                    LODobj_6.SetActive(false);
            }
            yield return new WaitForSeconds(CheckInterval); // the program waits a second then changes the LOD model


        }



    }
	
	// Update is called once per frame
	void Update () {
		
	}
}
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