


Abstract
This document covers two visual comparisons of lighting and quality of said lighting in both Unreal engine 4 and the Unity engine.  This has taken the form of two tests that will compare the quality of lighting, usability of the lighting and the options that are available for said lighting.  The reason for these tests is because of the lack of comparisons of the Unity and Unreal lighting, as the only tests are of complex scenes that often have different lighting and camera positions.  This ruins the comparison as there are too many variables and a fair comparison cannot be drawn up, also there are no comparisons of the basic functions in these engines and this test serves as a starting point into this.  This document covers the methodologies of the tests and cover the exact details of the tests as so that others are able to confirm that the tests will produce the results that are specified or allow for more tests to be built off of it.  The results will show the final output of both tests in terms of lighting output and visual quality, analysis will cover the differences between both and explain which offers more options as well as which is better for beginners.  The conclusion will summarise what happened within the two tests, what was learned from both the tests and then finally explain where the work could be taken from here.  
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The literature that will be looked at during this experiment is the following: -
  Digital Lighting and rendering 1st,2nd and 3rd Edition by Jeremy Birn
  Unreal Engine 4 for Design Visualization: Developing Stunning Interactive Visualisations, 
  Animations and Renderings by Tom Shannon
  Unreal Engine Lighting and Rendering Essentials by Muhammad A. Moniem
  Unity 3.x Game Development by Example: Beginner’s Guide by Ryan Henson Creighton
  Unity 4.x Game Development by Example Beginner’s Guide by Ryan Henson Creighton
  Unity 5. X Shaders and Effects Cookbook by Alan Zucconi and Kenneth Lammers
These books will cover some of the basic necessities and keywords that will be needed to understand the following experiments.  
A game Engine is the software that is used to create video games, Unity and Unreal are both considered game engines and are what is going to be used in this experiment.  Each test will be set up within a scene which is where a game takes place and the lighting which is the arrangement of lights or effects.  The lighting is split up into two types of lights, baked lighting which when the light that shines on an object is saved as a light map in order to save on processing.  The downside to doing this is that if the object were to be moved the lighting and shading on it would not change so this is typically only used on static objects.  The other form of lighting is real time lighting which is when any lights that shine on the object are rendered in real time so that if the object moves the lighting and shading will update as it moves, the downside to this is that it’s more intensive on the computer.  There are many different types of lighting models, such as gouraud or lambert.  A lighting model is how the light interacts with a model, gouraud lighting is a type of lighting that is used to produce continuous shading on surfaces.   

Within both engines there are many variations of lights, the directional light is one that can illuminate the entire scene but only in one direction like that of the sun.  A point light is one that emits a light uniformly in all directions, this is similar to a light bulb.  A Spot Light is one that lights up the area in a cone like that of a street light.  
There are two other types of lights that aren’t like the previously listed lights, the first being emissive which is based on an object material and allows for light to be emitted from the entire object or only part of it.  The second type of light is an ambient light which is like the directional light in the sense that it affects everything but instead of only in one direction it affects everything uniformly.  
Both game engines offer a variety of useful lights with many being in both engines, the only differing options available are the skylight in Unreal and the Area Light, Reflection Probe and Light Probe Group.  The Sky light is another way of setting up ambient lighting in Unreal and is made consistent throughout the entirety of the level.  The Area light is a type of light that shines uniformly over its surface area but only on one side, this offers more realistic lighting than the point light as its more softer and subtle.  The reflection probe is used for objects that reflect its environment and can be adjusted to accurately reflect its surroundings.  All cameras have an adjustable Field of View which is the observable area of the camera and increasing the field of view allows for a larger view of the area.  
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Will be comparing the difference in lighting between Unreal Engine 4 and Unity 5.  Will be doing this by doing two experiments and compare the usability of each game engine.  The first experiment will be a very basic test, this will have a sphere in world centre and a point light with the default settings that are specified within the native engine, above and off to the side then what is seen will be compared based on quality and visual effect.  This will be done again but with a Cylinder and Cube in addition to the sphere from the previous test, a point light from the previous test and a spot light will be added as well and will be compared based on the same criteria.  Finally using the results from these experiments, a conclusion will be drawn to decide which is most usable to inexperienced users, which can achieve better results, and which can be used more efficiently.  
Problem
For this experiment there will be two tests done to compare the lighting within both the Unreal engine 4 and the Unity engine version 5.  This will be done in order to distinguish which engine delivers the better outcome for lighting, is more user friendly for inexperienced users and allows for more versatility in terms of types of lights and flexibility of the settings.  
Approach
The approach that will be taken for this project will be two tests with varying levels of intricacy.  The first test being with a basic Sphere object, point light, camera and a large object in the background as to keep the backgrounds similar.  The second test building off of the previous test will have a basic sphere and in addition a cylinder and cube, the same point light will be used, and a spot light will be added to the scene.  The camera will stay the same and the same large object in the background was added.  
Reproducibility
In order to allow this test to be easily reproduced all positions that the objects will be placed will be shown but due to the different units that unreal and unity uses they will be displayed in the units of the engine that is currently being used.  Even the changes done in order for the outcomes to be compared will be shown such as the difference in XYZ positions of unreal and unity and camera settings.  
Precedence
As there have been no other written comparisons of the lighting within unreal and unity but there have been quite a few just comparing them in general terms, this will only go over the very basic comparisons of lighting.  
Justification
The reason for this experiment is because of the lack of written differences in unity and unreal lighting, there are plenty of forum posts that delve into the topic of Unity and Unreal, but very rarely does it involve the actual lighting of these game engines.  Another example is that most image comparisons only have the image comparisons and don’t explain any of the processes to achieve what they have created as well as not having the same field of view for the camera or camera positions so both images end up looking quite different because of this.  So, having a basic comparison of lighting that lists the differences of each engine output and what was done to keep consistency between the engines allows for people to find out the basic differences in lighting all in one place.  
Rationale
For the experiment it is necessary due to the subject not being well documented, but an argument could be made about the way that the testing is being conducted because as it currently stand the lighting tests are only being done on a single object but not on an entire scene.  Seeing as lighting is typically used in a whole scene and not just on one standalone object the results might not be as useful to some people.  But doing such a scene without covering the basics would not be as useful either.  
Reliability and Validity
All research used is reliable for the time it is currently being used but might end up becoming obsolete as the engines become updated or any other aspect of said engine, so the engine that is being used will be listed.  All positioning of objects, cameras and lights will be listed in their native engine coordinates, all changes made within engine will be listed so that only the lights used are the things with differing settings.  The test assets will use similar base materials because if the colours were different this would affect the outcome of the lighting.  





[bookmark: _Toc501134443]Scene Setup for Consistency
Due to both engines having some differences conducting the test as it is would yield results that would not be comparable, so in order to get results that can be fairly compared some settings would need to be adjusted as well as the positioning coordinates would need to be different.  In order to get the same scene, the units used for positioning in Unreal and Unity are different so for every 1 unit in unity 100 units would need to be used for unreal.  The field of View in Unity is 60 by default and 90 in Unreal so by lowering Unity’s Field of View to 30 and Unreal to 60 this will be the desired settings for the camera.  Both engines use different xyz directions so in order for both to have the same results this has been accounted for and the positions used will be listed in the following tables in the first and second test.  A large cube was used as the background in both tests in the engines to keep the backgrounds consistent.  The base material of the objects was changed in Unity so that the colour would match that of Unreal and the objects in Unreal had their metallic changed to 0 and the roughness to 1.  The Lights were left in the default state that is specified by Unreal and Unity because these were going to be compared.  In this instance the lighting was dynamic instead of baked.  
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The following table shows the coordinates of each object within both engines for the first test.  
	Engine
	Object
	Coordinates
	Rotation

	Unity
	Sphere
	(X-0, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Background Cube
	(X-0, Y-0, Z-10)
	(X-0, Y-0, Z-0)

	
	Camera
	(X-0, Y-0, Z- -1)
	(X-0, Y-0, Z-0)

	
	Point Light
	(X-0.2, Y-0.2, Z-0.2)
	(X-0, Y-0, Z-0)

	Unreal
	Sphere
	(X-0, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Background Cube
	(X-1000, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Camera
	(X- -100, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Point Light
	(X- -20, Y-20, Z-20)
	(X-0, Y-0, Z-0)


The first test to compare the lighting in Unity and Unreal is going to be using a basic sphere model and the basic point light, the point light has the default point light options that both engines specified.  The sphere model had to be created within Maya 2017 as the default sphere model that can be created within both engines produce a different model.  



[bookmark: _Toc501134445]Second Test Setup
The following table shows the coordinates of each object within both engines for the first test
	Engine
	Object
	Coordinates
	Rotation

	Unity
	Sphere
	(X-0, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Cylinder
	(X-0.1, Y-0, Z- -0.03)
	(X-90, Y-0, Z-0)

	
	Rectangle
	(X-0.05, Y-0.06, Z-0)
	(X-0, Y-0, Z-0)

	
	Background Cube 
	(X-0, Y-0, Z-10)
	(X-0, Y-0, Z-0)

	
	Camera
	(X-0, Y-0.3, Z- -1)
	(X-15, Y-0, Z-0)

	
	Point Light
	(X-0.2, Y-0.2, Z-0.2)
	(X-0, Y-0, Z-0)

	
	SpotLight
	(X-0, Y-1.3, Z-0)
	(X-90, Y-0, Z-0)

	Unreal
	Sphere
	(X-0, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Cylinder
	(X- -3, Y-10, Z-0)
	(X-0, Y-0, Z-90)

	
	Rectangle
	(X-0, Y-5, Z-6)
	(X-90, Y-0, Z-0)

	
	Background Cube
	(X-1000, Y-0, Z-0)
	(X-0, Y-0, Z-0)

	
	Camera
	(X- -100, Y-0, Z-30)
	(X-0, Y- -15, Z-0)

	
	Point Light
	(X- -20, Y-20, Z-20)
	(X-0, Y-0, Z-0)

	
	SpotLight
	(X-0, Y-0, Z-0)
	(X-0, Y- -90, Z-0)



The second test to compare the lighting in Unity and Unreal is going to be using three basic objects which is a sphere, cylinder and cube and two different light sources, a point light and a spot light.  The three models had to be created within Maya 2017 as the default options for models were different for both engines.  Both the point light and spot light that were used were left in their default state that is specified within both engines.  
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The Following Screenshots are the final result of the first test.  
	Unity First Test Screenshot
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	Unreal First Test Screenshot
[image: ]















The Following Screenshots are the final result of the second test.  
	Unity Second Test Screenshot
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	Unreal Second Test Screenshot
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A high-resolution screenshot was not taken for both engines as to take a screenshot in unity a portion of code would need to be added but the subject had no coding experience, so this was not possible, whereas Unreal only required a console command to be made.  So, in order to keep the test fair a regular screenshot was taken in engine for both.  The intense light that is shown in both Unreal engine test screenshots was an error in setting up the tests as Unreal uses a post processing method by default, this is what causes the light to bleed out over the edge of the object.  This is only a problem when the light in unreal is placed close to the surface of an object.  

For the first test the only model that was used was a sphere that was created in Maya 2017, this was done in order to see the effects of the lighting on a soft rounded surface.  The above screenshots of the first test show that the lighting in Unity is less intense and offers softer shading than Unreal.  Unity’s lighting shows to have more of a gradual fade from the brightest point of the object to the darkest point but in Unreal the gradient from the darkest point to the lightest is much smaller and leaves larges portions of the object as either very light or very dark.  The edge of the sphere in Unity has a harder edge and Unreal due to the post processing still being on at the time of the test the light bleeds out into the background and appears much blurrier.  This is also because of the proximity of the light to the sphere but Unity does not have the problem of how close an object is placed to a light.  
The lights in Unity require less adjustments than Unreal meaning that they are easier to use for beginners, as the default options look much better than Unreal.  On the other hand, Unreal has many more options available for users and can allow for some pseudo coding to be done with them but Unity has far fewer options available for the user, the user will need experience in coding C## if they wish to adjust the lights outside of the available options.  An example of available options for the directional lights can be seen in the Directional Lighting Options that are in the Appendix.  
For the second test it was built off of the first test, but a cylinder and cube were added to the scene, these were created within Maya 2017 as the default models in both engines yielded different models that were not comparable.  A spot light was also added to the scene with the default settings that were specified by the engines.  Having the three differently shaped objects in the scene allowed us to see the effects of the lighting on a rounded, flat and curved surface also having a secondary light source allows us to see how the two different light sources interacted on the same object.  The Unreal lighting still has the very high intensity of and the same bleed out of colour onto the background as well as the other objects.  The lighting on the sphere of the Unreal test shows that the spot light is less intense than the point light as the spot light was placed a bit further away than the point light was.  The light from the point light looks to have over powered the spot light and the only lighting from the spotlight that can be seen is in a spot where the point light did not reach.  In the Unity test the shading looks much better and it can be seen that the shading blends together on the sphere and on the rounded portion of the cylinder.  

The lighting values of the lights were not noted, this could have an affect on the results as these are part of the core test and were a necessary part of the comparison.  Although the lights were not changed, and the lights values are just the default set by Unity and Unreal this still set the tests results back.  The post Processing that is enabled by default in Unreal made the comparison of both engine lighting pointless as now it is an unfair comparison of both engines.  Another point is that not all of the lights were tested on an equal setting, this means that only the point light was tested and the spot light to a lesser extent.  The lighting values should also have been looked at and adjusted as the values in Unreal seem to be much more different than Unity’s values.  

This test has both been a success and a failure, as a basic understanding of the differences in the engines has been made and a test comparing the two engines was created, unfortunately after the test was finalised many inconsistencies were discovered and noted.  This test has been documented so that anyone else can reproduce what was created in this test to make sure that what has been shown is accurate, because of this a second attempt at this test can be done in which the inconsistencies that were listed can be solved.  This test can also be used as a basis to build off of and create a more thorough test.  
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The comparison of the lighting within the Unreal and Unity engine showed that there are many differences within the engines and that to create a test of the lighting that was comparable was quite difficult.  The differences that were discovered and had to be accounted for were the positioning of the X, Y and Z axis, different units that the engines made such as Unity using 100 and Unreal using 1.  Each engine did not have all of the same types of lights as it appears that Unity had a couple more options but Unreal had a larger variety of options for the lights, but Unity had much less options, the default field of view options in the cameras were different for both engines so Unity had to be set to 30 and Unreal to 60.  Making the objects in engine gave different sized objects so an object had to be made in Maya and then imported into the engine, the default materials gave different visual outcomes so the material in Unity was changed so it would look similar to Unreals material, this was done by changing the metallic to 0 and the roughness to 1 and the skybox was different in both engines, so another object was made in Maya and used as the background in all tests.  The lights were left in their default state as these were what was going to be compared.  
It was found out later that Unreal has a default Post Processing method that was the cause for the striking differences in the tests, the bright lights on the object and the light bleeding out onto the other objects and background is some of the noted differences that was caused by this.  A final rendered screenshot was not taken due to the differences in how to do this in both engines, Unreal required some text to be put into the console command and Unity needed coding experience in order to get a rendered screenshot.  None of the values of the lights were noted such as the intensity down and this hindered the test as a major piece of the test was missing.  
Overall the test was a good start but after the test was finished it was found that it was not a fair test as there were many inconsistencies.  
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If more work were to be done on this test, firstly the test would need to be redone and correct the previous tests wrong doings, this would include noting all the necessary values of the lights that were used and going in depth about the differences in the default settings of the lights from both engines.  Removing the default post processing from the Unreal test and checking if there were any other processes altering the final outcome of the tests.  In addition to this test instead of only doing it with a point light the first test would be done with all available lighting options and note any major differences between these.  Another adjustment to the test would be to have several types of surfaces like with the second test but have that instead of only testing on a sphere.  Additionally, looking more into the different types of lighting methods that are available and potentially testing out the different outcomes that each lighting method produces for the test.  
Additional tests that can be done would be to recreate a scene from real life and detail the steps that were taken in order to achieve this as well as compare both final outcomes.  Another possible test could be to test the lighting on more complex objects rather than on sphere, cylinder or cube, or test lighting on an entire scene and attempt to compare the two in that regard.  Doing an entire scene would be quite the task as ensuring all objects and lights are in the correct place would be rather difficult.  
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