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[bookmark: _Toc77602893]Abstract
Real time ray tracing in videos games is now the goal of many developers. One area that hasn’t been looked at is the gun flashes made by the weapon in first person shooting games. By observation, the flashes do not appear to be ray traced advocating the experimental investigation. This report looks into a possible reason why these weapon flashes do not appear to be ray traced.  By using a simplistic ray tracing model on simple geometry with a basic illumination model built on a system without real time ray tracing capabilities. The results show that the traced scenes suffer from rate dips and creating a possible conclusion of why the games choose to ignore ray tracing the weapon flashes in today’s first-person shooters. 
[bookmark: _Toc77602894]Introduction
Implementing Real time ray tracing in games has been a long-term goal for graphics designers and developers[1]. Now that real time ray tracing has been achieved with the help of the  NVIDIA’s RTX cards[2] series’ graphic computational power. These graphics cards provide the graphical processing power to achieve photorealistic scenery in games and applications by ray tracing in real time, including reflections, shadows, and refractions. This investigation will report on whether a small detail of gaming, gun flares and muzzle flashes, have been purposely left out of the ray tracing algorithm or overlooked by developers. From eye observation on a frame-by-frame basis, it appears that the current technique that is being used does not seem to be ray traced.  The developers will use a variety of ways to create the illusion of the gun’s flare lighting up the scene, most commonly an omni-directional light, or point light source, behind the player.  Whichever the technique to light up the players viewpoint upon a gun flash, it does not seem to be ray traced. An exploration in this paper conducts research from current ray tracing methods and that of API’s capable of ray tracing. Due to a hardware capability limitation to activate these built-in methods and API calls, the original design was withdrawn and refocused on the pinnacular methods of ray tracing. The new design scope was built from research into more simplistic ray tracing models and still had the core design idea within its scope. This report makes an attempt to combine a flashing light source with a basic illumination model, built from the research from the founding ray tracing techniques and displaying the implementation’s output in real time. The research conducted in this paper contains the investigation of different ray tracing techniques and what they achieve followed by an explanation of an implemented project. The project: a ray tracer developed in an OpenGL Compute shader, with basic illumination techniques,  guided by the research. Due to the aforementioned hardware complications and restraints the development has not progressed past a testing of simple primitives of spheres and using a basic point light. Although the experiment has been completed and examination of the frames per second has been evaluated, the report has some speculation, attained from the test results, as to why these gun flashes are not traced in today’s high-resolution games.
[bookmark: _Toc77602895]


History
Dating back to the 16th century, the “science of perspective” was scientific research into looking from another perspective. Albrecht Durer devised a machine called Durer’s Door which by some accounts is the foundation of ray tracing.
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Image 1 Albrecht Durer’s with an assistant using Durer’s Door 

Durer’s Door allowed Durer to draw images using a centre of projection from a fixed position, by using a thread fixed to the wall, corresponding to the camera position. Image 1 shows the use of the door and how it defined drawing 3d points onto a 2d plane.[3] Historically there is no more research or any means of research into Durer’s Door but it was the origination of the idea of ray tracing. Now in the 21st century computers can do this ancient idea in real time and with highly detailed game object models. Several computer scientists in the 1980’s were in pursuit of this graphical rendering method.[1], [4]–[8] The most influential, if not the first, version of ray tracing was developed my Turner Whitted, who created the Whitted ray tracer[9], where the algorithm was designed to trace the position of an object from a 3d plane onto a 2d image, whilst colouring the pixel according to the light’s position. Whitted’s path tracer is that of a similar construct of the previously mentioned Durer’s Door. Whitted noted that were other researcher conducting research into ray tracing and he followed in their footsteps to achieve a common goal- ray tracing a scene with lighting and shading.[9], [10]  Whitted’s tracer that created still images that were realistic representations of how lights and reflections work by building a ray tracer conducting such tasks. Following this, Robert Cook introduced a technique ubiquitous to gaming today; motion blur and soft shadows with distributed ray tracing. In his paper, Cook used multiple rays per pixel and created what is called soft shadowing and motion blur, by creating multiple calculations into the ray tracer, defining how much light actually passed into the object and how much blocked the light.[6], [8]. Furthering the research, Kajiya developed the path tracer which allows for radiosity - the transferring of colours between objects.[4] 
Pixar then started to use ray tracing in their movies; the movie Cars[11][12] was the first movie to use ray tracing for the reflections and refractions of its scenes. Furthering on from this they employed a fully rendered ray tracer in Monsters University[13][14].These rendering took maybe days possibly weeks to rendering fully ray traced film to achieve a sense of realism in the films. Pixar used what they would call ‘render farms’, which are computers dedicated to ray tracing images. In video games, Schmittler et al[15] ray traced the entirety of Quake 3, in real time, and the result was very impressive, the low polygonal games being rendered with realistic reflections and shadows, changed the games scenery completely. Following the work on Quake 3 allowed Pohl,[16] who worked with Schmittler on the Quake 3 project went on to fully recreate Quake 4 in real time ray tracing because it was a successful rendering on the earlier game. 

15 years after Pohl and his ray traced Quake 4, developers are now at the stage where incredibly realistic shadows and reflections can be fully rendered in real time. The potential of this technique was advertised in 2018 with the display of the RTX demo proposed by Epic, NVIDIA and ILMxLAB called “Reflections”. Using highly reflective storm troopers and Darth Vader from the Star Wars saga as the models, they created a new avenue of real time rendering.[17] With the now more readily available NVIDIA’s RTX cards an increasing number of users and developers are able to ray trace complex scenes in real time.
[bookmark: _Toc77602896]Observation
With the advancement of real time ray tracing, complex scenes and lighting can be traced to render realistic scenery in video games. However, through observation of these ray traced games, such as Battlefield 5[18], Shadow of the Tomb Raider[19] and Wolfenstein: Youngblood [20] it has become apparent that scenes from the first-person perspective do not employ ray tracing techniques to the gun’s muzzle flare once fired.  While it is impossible to look at the closely guarded coding of these games, an observation on a frame-by-frame basis shows that the gun’s flare is not or does not appear to be ray traced. This coupled with the fact that an omnidirectional light or a point light is created before the graphic representation of a gun’s muzzle flare confirms the absence of ray tracing in these games. A closer look at game in particular Battlefield 5 has a  good representation of what this paper is investigating.Figure 1: before the gun flare
Figure 2: The gun flare
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Description automatically generated]The frames shown in Fig. 1 and Fig. 2 are taken from footage of a user playing Battlefield 5[18], [21]; these frames are consecutive and correctly display the instance at which this paper postulates WHAT. Fig 1 shows the instantiation of the light, which does not to appear to be ray traced. Upon close inspection the light seems to be coming from above and behind the player model. With the illumination projected onto the weapon creates a very realistic interpretation of the light, with what appears to be a type of shading, similar to Phong shading because of the specular highlights closer to the screen, but on further inspection shows that the iron-sight  of the gun is not brightened from this light. This further confirms that even these pseudo gun flashes are not ray traced. Fig 2 is graphical representation of the gun flash, and highlights that the light previously shown in fig 1 is now gone, furthering a belief that this specific area of the first-person gaming model is not being ray traced. This poses a question; is ray tracing being left out of gun flashes on purpose or do the developers merely miss this detail? 



[bookmark: _Toc77602897]Aims & Objectives
The aim of this project is to investigate real time ray tracing methodologies and algorithms. Each methodology or implementation of real time tracing has benefits and limitations. One limitation is that ray tracing is extremely computationally expensive and that with incorrect implementation this could bring about bad results. The largest challenge for this project’s investigation to be achievable would be learning a new coding language or testing each method of ray tracing to determine the most effective implementation. The correct method will help answer why gun flashes and flares are not ray traced. The main objective is to ray trace a simple scene in real time that will display a model and a create a  flashing light on top of the rendered scene and calculating the frame rate of the whole scene . Using a selected ray tracing model, such as Whitted ray tracing[9] or Kajiya’s path tracing[4] would help create the ray traced scene.
The main aim is to test if real time ray tracing a gun flash is possible in video games. The objective is to use one of the ray tracing activated API’s to help  answer if gun flashes can be ray traced in real time. This report will investigate and evaluate which method and which API would be most effective in creating ray traced gun flashes, including an elimination process and why the selected process and chosen API and algorithm has been chosen. From initial observation the apparent deduction is that developers have been using mimicry as opposed to fully ray traced gun flashes and flares. This paper investigates the possibilities of why this has come to be so common. 

Starting with research into previous and current ray tracing techniques, a former design plan had been created but this had to be discarded due to a hardware compatibility complication. This aspect of the research had to be reduced to a more simple and achievable design plan. From this plan a geometric representation of a simpler model with a basic illumination model was created. Following this, extensive testing was performed by increasing the models count to the maximum capacity the hardware could achieve before suffering extended rendering times and laborious frame rates. The conclusion of this investigation does not answer the question of whether gun flashes can be ray traced in real time in its entirety but it does speculate the potential reasoning why developers choose not employ a ray tracing technique for them. The closing paragraphs of this paper involve an evaluation of this project as well as a personal note on the entirety of this research. 



[bookmark: _Toc77602898]Related Work
As the scope of the project and its aim is a highly specific area of ray tracing and rendering, there are not many verifiable sources progressing this type of work. Although ray tracing and real time ray tracing has initiated a lot of research, in depth research of relevant work has proven inconsequential in this area of gun flashes and flares, or more broadly flashing lights. There are however some research topics that help bolster current knowledge of ray tracing, such as Turner Whitted[9], who developed the well-known Whitted Path tracer. This project captures the foundational essence of Whitted, before moving on to look at current methods and implementations of ray tracing using higher order API’s. After researching the newest ray tracing techniques, it became apparent that the current system that the project was intended to be built on does not meet the required hardware specifications. Thus, a change of scope and a reduction of design had to be applied USING WHAT. Upon further investigation real time ray tracing proved possible in OpenGL using a compute shader and a basic ray traced illumination model. 
The pioneer of ray tracing ,Turner Whitted’s paper, ‘An Improved Illumination Model for Shaded Display’,[9] developed what is known as the Whitted path tracer. In his paper he details the different parts of the tracer, from calculating the eye space and casting rays into the scene and producing realistic images, with reflections and shadows. The first ray, which he named as the ‘primary ray’, would serve to check for an intersection with an object and paint the pixel that the ray is fired from the colour of the object it intersected with. If no objects intersected, the ray would return the background colour. With each ray, the tracer would then check for another intersection with an object whilst searching for a light source. If there was an intersection with a shadow ray after the primary ray was fired, then the object would be in shadow. This built the foundation for other pioneers such as Cook[8], who in his paper improving on the Whitted path tracer, would use multiple samples of the scene to create motion blurs and soft shadows HOW.[8] 
Kajiya improved on the ray tracing algorithm, proposed the solving the rendering equation of which created radiosity path tracing: the transfer of colour between objects.[4] 
Returning back to  Whitted’s paper because it seems to best one for this project’s design, he uses diffuse material and specular reflection with reflectivity rays and shadow rays to illuminate and calculate shadows and reflections. The drawback to this is the rendering time of the images rendered, at the time of his writing (1980). Today we have the technology to render these scenes in mere seconds, but that doesn’t denote the effectiveness of the ray tracing of his time. With Whitted style ray tracing the ray(s) must bounce off the intersected object, towards the light source using the object’s normal  to determine the direction of the intersected object is facing. Whitted explained that when a ray intersects with an object it should produce more rays in the reflection and light’s direction. This creates shadowing and reflection. The algorithm provided from SPECIFY another source clearly explains Whitted style ray tracing in a more mathematical perspective.[22]

A ray, an infinite line with a start point can be represented as:

The ray’s direction is usually normalised.
And  is the point of intersection.
The scene consists of objects ready for intersection, whether geometric or implicit.
Setting up the ray requires calculations of a ray casting through a pixel defined in world space. [22]


Screen coordinates must be of [-1,1], this means the centre of the screen coordinates must be 0,0.
Essentially, this means that every pixel will have its own coordinate of [-x,x],[-y,y] and z would be defined by the Z direction of the eye or camera view.
Each Ray will test for an intersect for every object in the scene and use the t intersection point to determine if the object is in front of or behind another object. Upon this intersection other rays will be cast for shadows and reflections and these rays will check for more intersections, deciding shadows and reflections. If any of these rays’ intersect with nothing then the ray will be discarded.[23], [24] This equation is the starting point for this project. 
Moving forwards from this, the book ‘Ray Tracing Gems’ [25] proved helpful in furthering the investigation of ray tracing of gun flashes. The book was published by NVIDIA, the inventors of the RTX ray tracing capable cards, who provide this book as a guide to raytracing with predefined functions. As this project is not testing the ray tracing algorithms or attempting to improve on them, this would be a suitable, reliable source of guidance and implementation only. Haines et al provides all of the necessary algorithms and maths required to compute the scenes, it is heavily centred around using acceleration structures and provides resources to execute them. In particular, chapter 3.8 ‘Basic DXR Initialization and setup”[25] provides a source code to activate the ray tracing functionality. Further more, ‘Ray Tracing Gems’ strongly lean towards DXR implementation of the ray tracing and functionality which  is advantageous to this project. This does present a limitation to the project’s ease of execution, as DXR is not a known coding language for the author of this paper. It was discovered that the system the project was to be built on is not equipped to use any of these algorithms or API function calls, as it would create output failure or crashes.
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Capture 1: ray tracing cannot be activated
Due to this obstacle, the system this project was being developed on is not capable to activate ray tracing in DXR and possibly other API’s, and thus a different approach was researched. 

A New Approach.
In Lai et al’s,[26] research paper investigating ray tracing in openGL, a ray tracing algorithm as an API for openGL was developed. This was developed on an NVIDIA TITAN X, proving that ray tracing on non-RTX card’s is possible, but according to the NVIDIA website of ray tracing activated graphics cards,[27] the system to be used to develop this project is still out of the specifications required. 
Another paper by Franciso Sans and Rhadams Carmona, CITE compared ray tracing in different formats of the OpenGL graphics pipeline. They used a GPU based volume ray intersections throughout the whole of their research, implementing it in CUDA, OpenCL, fragment and compute shaders. This was all tested on an NVIDIA GTX 660, and more noticeably they tested each experiment against each other, providing the frame rate calculations and concluding that using a compute shader results in the best frame rate possible for that system. Using volumetric objects with increasing volume shows that the highest volume objects in a compute shader still render at roughly 30-60 milliseconds per frame. Sans et al, also show that using CUDA and OpenCL result in slower rendering times  with up 120 milliseconds per frame. The fragment shader is in between these values although there are some spikes for slower speeds at different rendering volumes. [28]
Peter Shirley, author of the books ‘Ray tracing in one weekend’ [29] provides a very useful interpretation of the ray tracing algorithm and provides a guide throughout his book series. Initially in 1990 he wrote a paper describing an illumination calculation method for diffuse-specular scenes.[30] He devised an algorithm to calculate diffuse specular lighting on all object models, which calculates a lighting model from intersection of the rays and displays a different approach of shadow rays to that similar to Kajiya’s radiosity algorithm. This being the forefront of shadow specular maps and lighting maps, Shirley, proposes that each ray should only have one shadow ray per ray per pixel. He then furthers this assumption that shadow rays should be sent to a random point of the light’s source and  generate a probability proportionate to the light’s energy to the intersection point . The main aspect is to allow better shadowing with approximations or assumptions to be made for each light in the scene. This provides a better representation of shadows on multiple light scenes.


The results of these papers, to which none of above relate to a flashing lights or anything similar in ray traced rendered scenes with flashing lights, they all used static light. This concludes that there are no tests being performed for the instantiation of a light in a pre-rendered ray traced scene. This will be, at this point of the project, potentially the first test of a flashing light. Although the computer scientific world is vast and major developers are getting involved with ray tracing, suffice to say that there is a possibility that this has been tested before and the results were either inconclusive or negligible . With this in mind, testing for this niche part of the game graphics world could benefit the field of ray tracing although the scope of the project had to be drastically scaled down to the point of simple geometry and simple lighting models, due to hardware difficulties.
From the above considered research, it’s important to note that the type of ray tracing that can be done in API calls are strictly confined to the higher order of systems of powerful graphics cards; most notably the NVIDIA RTX series. The takeaway from the examination of related works is that it is possible to ray trace simple geometry on lower end cards. The issue that arises from this that all of the research that had been found ray traced still images and there is no real time event to the output of the scenes. This could present a problem in the project as there is no way of telling if the system that this project is being developed on can handle real time ray tracing. Above research suggests that because the system only has a NVIDIA GTX 1060ti graphics card, that using an OpenGL compute shader would be the best viable option to conduct this experiment.

[bookmark: _Toc77602899]Methodology
Due to the aforementioned constraints regarding hardware limitations, the scope of method of the how this was to be created had to be reduced to a somewhat considerably basic idea. With this in consideration, the method of the project is to generate simple spheres and ray trace them with a geometric representation of a sphere:


The code equivalent of a sphere, for this purpose, is only to define the radius and the centre of the sphere, as that is all that is needed for a simple intersection test.
[image: Text

Description automatically generated]
Capture 2: struct of a sphere





[image: Text

Description automatically generated]
Capture 3: ray to sphere intersection
Using a ray to sphere intersection will be a viable representation of intersecting an object. After this succeeds,  increasing the number of spheres to generate ray intersected spheres, would represent multiple intersection similar to that of a multiple faced object or an object with multiple vertices.
A simple illumination model such as Phong or Blinn would create illusion of the sphere as a 3D object, once built. One tutorial from LearnOpenGL provides a simple illumination model.[31], [32] Furthering this making the light activate on a timer will simulate a gun flash.
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Capture 4: psuedocode of program

The method behind this ray tracing implementation , produced in this pseudo code, will explain the simplicity of the ray tracing method. 
With this all applied, increasing the cluster would be increasing the array and setting the colour, size, and centre of each sphere. This method was created from the interpretation of Shirley’s[33] and San’s[28] papers because it allowed a low-end computer system to ray trace scenes in real time and at a verifiable frame rate. This method was chosen solely due the hardware limitations and would allow the ease of data collection with simple scenery to create implied scenes of flashes. 
[bookmark: _Toc77602900]
The hardware that was used for this project is an Intel i7-2600CPU and a NIVIDIA GTX 1060ti, both of which are not equipped to execute real time ray tracing applications and API procedures.  This project was developed in Visual Studio 2019 using OpenGL and GFLW. The project had also been built upon a template predefined in earlier classes of this academic year. 
The hypothesis of this project was that these flashes will create a small drop in the framerate that could be avoided with proper hardware and dedicated acceleration structures. This hypothesis had been decided on the basis that lighting a scene requires many recursions of the ray tracing intersection function. For the reasons of the hardware alone, this experiment could be regarded as a non-reliable source of testing, but within the parameters of the project design the reliability could be speculative at best. This project is believed to be valid within the confines of the hardware boundaries and will prove a theoretical implication of the projects desired significance.
The way that this experiment will conduct its research is examining the framerate on various clusters of the spheres of the scene and extrapolate the data to deduce the hypothesis’ prediction. 
Design and Implementation

Due to hardware constraints there had to be some reduction into the scope of the project, The project was originally designed to use API’s capable of ray tracing, but due to the circumstances resulting from the Coronavirus Pandemic, acquisition and/or access to hardware capable of using the API’s has been impossible, rendering this experiment a moderated version of the original design. A different approach to the testing gun flashes has been attempted and it may answer the question whether or not gun flashes are not ray traced on purpose. 
[bookmark: _Toc77602901]Design
Using an OpenGL Compute Shader to render a scene of a cluster of geometric primitives and include a basic point light or omnidirectional light. Switching between a lit scene, with basic Phong shading and shadows simulate the event of a gun flash or muzzle flare. The compute shader was originally intended to have a gun model that could trace the barycentric coordinates of around 60,000 vertices, yet this proved impossible to render due to having variations of triangulated shapes; having elongated or very small triangles creates a problem for the tracer to actually render the object. Even just using the vertices as intersection points. 
So the compute shader will render multiple spheres, geometrically created, and intersected with a ray to return colour of the sphere, then after a set amount of time a light will turn on and trace the scene again with Phong shading and ray traced shadows. The measurement would be calculating and observing the frame rate as the event of the flash is instantiated. 

[bookmark: _Toc77602902]Implementation
The implementation of the project was simple albeit effective in showing the resulting factors of possibly answering the question of why guns flashes are not ray traced.

The use of OpenGL Compute Shader is in essence not part of the rendering pipeline and more of a separate pipeline that reports to the API. Using a simple Whitted style ray tracer, the program was able to render the scene. The construction of an OpenGL Compute shader is a simple one. One must construct a workspace, invocating the GPU to allocated memory shared into workgroups global and local, this is similar to how a CPU computes data in a machine. 
Starting of project the compute shader would have to be created, the chosen size of workspace was the same size as the screen space which was at 800x800. The compute shader was responsible for handling all of the ray casting and tracing and deciding the colour of the pixel. The fragment shader of the GPU pipeline renders the scene in a textured quad as per graphics rendering standard. Using the OpenGl Compute shader from Sans et al.[28] as a baseline, it was possible to fit the ray tracer into roughly 300 lines of code, including creation of objects which is reportedly the usual length of a ray tracer.[23] The ray tracing implementation is that of the Whitted style,[9] where the light’s position is known and is computed as a point light or omnidirectional light. An incorporation of the illumination model presented by Shirley[33] was also implemented whereas reflections were left out as contemporary gun models in games do not have reflective properties. Even though it was attempted, reflections created issues with the implementation and was disregarded as it would generate the wrong data for the investigation. 

Using the typical ray tracing construction, as such;
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Capture 5: structure of a ray
The ray’s origin being set as the eye or camera position and its direction normalised into the scene from the screen space pixels. Testing the ray’s intersection with the geometric representation of a cluster of spheres, created as an array. The ray would “collect” the colour of the sphere and return the intersection point and colour the pixel the same as the colour “collected”.

To test the flash, a simple lighting model, similar to that of Shirley’s paper, was used to create the effect of the light being responsible of the shading, shadows, diffuse and specular components. This is to simulate that a new light, such as from a gun flash, needs to be treated as a light source to be considered ray traceable. To allow the measurement of this the flashing point light was activated upon a simple timer and the frame rate changes were recorded.

This implementation is relatively simple, but it does test the implications that would need to be considered for a ray traced gun flash. 

The difficulty upon coding the compute shader is that the ray tracing requires recursion for outputs such as shadows and reflections. To get around this and to alleviate the strain on the GPU and only testing the flash itself without any acceleration structure or recursive calling. It was simpler to build the scene with rays using one ray per pixel and one ray per shadow call. 
[image: ]
Capture 6: work around the recursion using a for loop
Capture 6 shows that after the ray has decided the colour from its ray from the initial intersection the calculation of the phong shading is created from the instantiated light source. That one ray will then test for intersection against all the spheres in the scene and if there’s an intersection, darken the collected colour for that pixel. 

With this implementation, however simple, the code is able to run smoothly and allows for addition or reduction of spheres; each sphere has its own colour, size and centre. The scenes rendered via ray tracing are comprised of clusters of spheres - testing the scene with these clusters would be the best way to simulate the interaction with multiple vertices of a gun model and its surrounding environment. As it was not possible to simulate a gun model this to best represent the test. Each sphere would act as an intersection point, just as each triangle would be an intersection point, barycentric coordinates or not. A further difficulty on its own, the computational requirements to render a high vertex object, would not be able to represent the data efficiently enough to construct a secondary hypothesis if the project was to be built on the current hardware
Results
The data collected points to the hypothesis being marginally correct as the frame rates drop to about 50% on most scenes. This would presume that if the original project design plan was to be implemented then the frame rate would experience frame rate drops, albeit maybe not to the equivalent of this data. Each scene was built using rays and the rays’ structure and the way they have been called has not been changed. The only parameter that was changed was the number of spheres in the scene, the positions, size and colour were not changed in this set of tests.
	Number Of Spheres
	Average Framerate Before Flash (FPS)
	Average Framerate with Flash 
(FPS)

	10
	60
	51

	20
	60
	30

	30
	33
	13

	40
	25
	10

	50
	19
	8



As a control test, all the spheres’ radiuses were reduced to unit value (1.0 floating point numbers). This was to test if the size of the spheres would have a factor in the framerate. 
	Number Of Spheres (of same radii)
	Average Framerate Before Flash (FPS)
	Average Framerate with Flash 
(FPS)

	10
	60
	51

	20
	60
	31

	30
	34
	13

	40
	25
	10

	50
	19
	8



As the second test points out that the size of the sphere did not impact the framerate in any way, gaining 1 frame per second is negligible in this case. 



As expected, the frame rate dropped upon the instantiation of the light source, the introduction of the light as a new source greatly impacted the frame rate with 30 intersections then the further intersections tests for the shadows. As this implies a flash of a new point light would impact the frame rate.
[bookmark: _Toc77602903]

Evaluation
The data in the previous section proves the hypothesis of a framerate drop upon instantiation of a new light source. The conclusion from this data is that if a complex scene in a first-person “next generation” game was to instantiate a new point light or omnidirectional light source upon firing the weapon, it would create a fall in the framerate. Due to the nature of these tests and considering the hardware available to conduct these tests, the result can only invite speculation into what could happen in a game that employed a ray tracing technique on a gun flash. The fact that the tests were conducted on a below appropriate hardware with a minimal ray tracing method, not including reflectivity or refractivity in the scene would draw some assumptions as to what would happen in a testing environment with hardware capable of rendering more complex scenes. Another evaluation to note is that if the framerate drops per creations of the light source then when players fire their weapons/instantiate the flash, they would experience periodic lapses in the frame rate. Given that players would probably fire the weapons often this could create disappointment and sub-optimal satisfaction for player experience. 
The spheres representing multiple intersections as they would in a game scene, adding the test result and the fact the  model intended for the original tests was 60,000 vertices, which equalled to 20,000 faces to intersect, without an acceleration structure or shortcut this would be very computationally expensive. To further this notion, it would be unwise to attempt such a feat for one or possibly two frames of ray tracing for a gun flash. 


Conclusion
This project was intended to test ray tracing in real time for gun flashes and muzzle flares. What transpired was a different project altogether, due to constraints impacted by the  Coronavirus Pandemic, procurement or access to acceptable hardware was not available. Due to this the project was reduced to a similar, simpler model and tested the same type of flash involved in the gun flash. The literature research suggested to build this simple test on an OpenGL Compute shader with a simple illumination model to create a sense of 3d realism in the scene. The test concluded that using a ray traced gun flash would not only be superior realism for the player, but would create an imbalance of the framerate for the players. The test should be furthered by recreating the same test on a real time ray tracing capable machine, one that is able to use the ray tracing API’s and programs and create a better battery of tests using gun models and more complex illumination models.

This research has contributed to the field in that it has opened an avenue of exploration into making FPS shooting games aim for more realism and to capture the essence of a shooter type player, or character. This research does however suggest that real time ray time tracing is too expensive for the milliseconds of realism.


Reflection
This project was a true test of knowledge of graphics and ray tracing. When the original plan was hindered by the complication of the coronavirus pandemic and the access to applicable hardware, conducting the original experiment was rendered impossible, resulting in the research into older ray tracing methods, learning the mathematical equations and the relevant material, which was a difficult topic to understand. Using Whitted’s path tracer in a OpenGL Compute shader was also a difficult task as it was inherently recursive, and solving the problem of conducting a recursive algorithm in a non-recursive fashion was a test of coding knowledge in a code environment that is not my strongest area of expertise.
The realisation of ill equipped hardware set this project back to the beginning of research, which with the knowledge that has been gained from that redirection, has definitely created a better understanding of the algorithms involved for ray tracing. 

This project has the potential to impact greatly in the gaming and computing world if it was possible to execute with the proper equipment, which has been a disappointment, as it would have been wonderful to actually contribute to the computer scientific community with today’s standards of applicability. The testing was a minimal experiment within the parameters of the gun flashes and ray tracing - again this was not the desired test but mostly reflects what actually happens from a frame-to-frame observation. 

If this experiment were to be presented again with the proper hardware, it would be a more enjoyable and productive experience than that which this project has permitted. 
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Appendix 2: Compute shader

#version 430
layout(local_size_x = 8, local_size_y = 8) in;
layout(rgba32f, binding = 0) uniform image2D img_output;
layout(rgba16f, binding = 1) uniform image2D img_input;

#define MAX_BOUNCE 2
uniform vec3 eye;
uniform vec3 eye_up;
uniform vec3 eye_right;
uniform vec3 eye_forward;
uniform float FOV;
uniform float delta_Time;

struct Sphere
{

	vec3 centre;
	float radius;
	vec4 colour;

};

struct Light
{
	vec3 colour;
	vec3 pos;
	float ambient;
	vec3 direction;
	vec3 diffuse;

};

struct PointLight
{
	vec3 position;
	vec3 colour;
	float intensity;
};


struct Camera {
	vec3 Position;
	vec3 cam_up;
	vec3 cam_right;
	vec3 cam_forward;

};

struct Ray
{
	vec3 origin;
	vec3 dir;
	vec3 colour;
	vec3 at(float t)
	{

		return origin + t * dir;
	}

};


float t = 100000;


bool RaySphereIntersect(Ray ray, Sphere sphere)
{

	float t0, t1; // solutions for t if the ray intersects 


	vec3 L = sphere.centre - ray.origin;
	float tca = dot(L, ray.dir);
	if (tca < 0) return false;

	float d2 = dot(L, L) - tca * tca;
	if (d2 > (sphere.radius * sphere.radius)) return false;
	float thc = pow(sphere.radius * sphere.radius - d2, 0.5);
	t0 = tca - thc;
	t1 = tca + thc;
	if (t0 > t1)
	{
		float temp = t0;
		t0 = t1;
		t1 = temp;
	}
	if (t > t0)
	{
		t = t0;
	}else
	{
		t=0.0f;
	}

	return true;
}







ivec2 pixel_coords = ivec2(gl_GlobalInvocationID.xy);
vec2 dimensions = imageSize(img_output);
float aspect = dimensions.x / dimensions.y;

vec2 pixelNDC = vec2((pixel_coords.x + 0.5) / dimensions.x, (pixel_coords.y + 0.5) / dimensions.y);
vec2 pixelScreen = vec2(2 * pixelNDC.x - 1, 1 - 2 * pixelNDC.y);

float Px = (2 * ((pixel_coords.x + 0.5) / dimensions.x) - 1) * tan(90 / 2 * 3.1425 / 180) * aspect;
float Py = (1 - 2 * ((pixel_coords.y + 0.5) / dimensions.y) * tan(90 / 2 * 3.1425 / 180));



//TIP ignore the direction for now, if it causes issue with the final scene then use debugging colours
vec4 pixel = vec4(0.0f);// skybox
	// get index in global work group i.e x,y position






void main() {

	Ray ray;
	ray.colour=vec3(0.0f);

	Sphere spheres[30];
	
	Camera camera;

	
	
	spheres[0].radius = (3.5);
	spheres[1].radius = (3.2);
	spheres[2].radius = (1.6);	
	spheres[3].radius = (2.8);	
	spheres[4].radius = (3.4);	
	spheres[5].radius = (2.7);	
	spheres[6].radius = (2.2);	
	spheres[7].radius = (1.4);	
	spheres[8].radius = (5.1);	
	spheres[9].radius = (4.2);	
	spheres[10].radius = (3.5);
	spheres[11].radius = (3.2);
	spheres[12].radius = (1.6);	
	spheres[13].radius = (2.8);	
	spheres[14].radius = (3.4);	
	spheres[15].radius = (2.7);	
	spheres[16].radius = (2.2);	
	spheres[17].radius = (1.4);	
	spheres[18].radius = (5.1);	
	spheres[19].radius = (4.2);	
//	spheres[20].radius = (3.5);
//	spheres[21].radius = (1.2);
//	spheres[22].radius = (2.6);	
//	spheres[23].radius = (3.8);	
//	spheres[24].radius = (1.4);	
//	spheres[25].radius = (2.7);	
//	spheres[26].radius = (3.2);	
//	spheres[27].radius = (1.4);	
//	spheres[28].radius = (2.1);	
//	spheres[29].radius = (3.2);	
//	spheres[30].radius = (1.5);
//	spheres[31].radius = (2.2);
//	spheres[32].radius = (3.6);	
//	spheres[33].radius = (1.8);	
//	spheres[34].radius = (2.4);	
//	spheres[35].radius = (1.7);	
//	spheres[36].radius = (3.2);	
//	spheres[37].radius = (1.4);	
//	spheres[38].radius = (3.1);	
//	spheres[39].radius = (4.2);	
//	spheres[40].radius = (1.5);
//	spheres[41].radius = (2.2);
//	spheres[42].radius = (1.6);	
//	spheres[43].radius = (2.8);	
//	spheres[44].radius = (3.4);	
//	spheres[45].radius = (1.7);	
//	spheres[46].radius = (2.2);	
//	spheres[47].radius = (3.4);	
//	spheres[48].radius = (1.1);	
//	spheres[49].radius = (2.2);	
	

	spheres[0].centre = vec3(6.0, 0.0, -10.0);
	spheres[1].centre = vec3(-5.3, 1.0, -32.0);
	spheres[2].centre = vec3(0.6, 7.5, -12.0);
	spheres[3].centre = vec3(1.6, -6.5, -21.0);
	spheres[4].centre = vec3(-18.6, 3.5, -14.0);
	spheres[5].centre = vec3(5.6, 6.5, -13.0);
	spheres[6].centre = vec3(1.6, 1.5, -22.0);
	spheres[7].centre = vec3(-8.6, -7.5, -11.0);
	spheres[8].centre = vec3(5.6, 5.5, -27.0);
	spheres[9].centre = vec3(7.6, -4.5, -13.0);
	spheres[10].centre = vec3(-6.0, 0.0, -10.0);
	spheres[11].centre = vec3(5.3, -1.0, -32.0);
	spheres[12].centre = vec3(-1.6, -7.5, -12.0);
	spheres[13].centre = vec3(-1.6, 6.5, -21.0);
	spheres[14].centre = vec3(1.6, -13.5, -16.0);
	spheres[15].centre = vec3(-5.6, -6.5, -13.0);
	spheres[16].centre = vec3(-1.6, -1.5, -22.0);
	spheres[17].centre = vec3(8.6, 7.5, -11.0);
	spheres[18].centre = vec3(-5.6, -5.5, -25.0);
	spheres[19].centre = vec3(-7.6, 4.5, -13.0);
//	spheres[20].centre = vec3(-2.0, 13.0, -20.0);
//	spheres[21].centre = vec3(-25.3, 21.0, -32.0);
//	spheres[22].centre = vec3(26.6, 23.5, -30.0);
//	spheres[23].centre = vec3(4.6, 14.5, -10.0);
//	spheres[24].centre = vec3(-20.6, 23.5, -28.0);
//	spheres[25].centre = vec3(19.6, 28.5, -25.0);
//	spheres[26].centre = vec3(0.0, 18.5, -11.0);
//	spheres[27].centre = vec3(-18.6, -13.5, -18.0);
//	spheres[28].centre = vec3(25.6, 29.5, -36.0);
//	spheres[29].centre = vec3(20.6, -15.5, -25.0);
//	spheres[30].centre = vec3(-23.0, 20.0, -20.0);
//	spheres[31].centre = vec3(2.0, -11.0, -22.0);
//	spheres[32].centre = vec3(-29.6, -10.5, -28.0);
//	spheres[33].centre = vec3(-21.6, -26.5, -31.0);
//	spheres[34].centre = vec3(20.6, -23.5, -26.0);
//	spheres[35].centre = vec3(-25.6, -21.5, -23.0);
//	spheres[36].centre = vec3(-21.6, -22.5, -32.0);
//	spheres[37].centre = vec3(28.6, 28.5, -21.0);
//	spheres[38].centre = vec3(-17.6, -27.5, -35.0);
//	spheres[39].centre = vec3(-24.6, 22.5, -23.0);
//	spheres[40].centre = vec3(-29.0, 23.0, -20.0);
//	spheres[41].centre = vec3(25.3, -15.0, -22.0);
//	spheres[42].centre = vec3(-20.6, -23.5, -22.0);
//	spheres[43].centre = vec3(-21.6, 26.5, -31.0);
//	spheres[44].centre = vec3(9.6, -13.5, -16.0);
//	spheres[45].centre = vec3(-28.6, -26.5, -23.0);
//	spheres[46].centre = vec3(-22.6, -21.5, -20.0);
//	spheres[47].centre = vec3(20.6, 25.5, -19.0);
//	spheres[48].centre = vec3(-21.6, -20.5, -15.0);
//	spheres[49].centre = vec3(-23.6, 11.5, -13.0);

	spheres[0].colour = vec4(0.2, 0.2, 0.8, 1.0);
	spheres[1].colour = vec4(0.0, 0.8, 0.4, 1.0);
	spheres[2].colour = vec4(0.3, 0.3, 0.6, 1.0);
	spheres[3].colour = vec4(0.4, 0.5, 0.3, 1.0);
	spheres[4].colour = vec4(0.5, 0.7, 0.7, 1.0);
	spheres[5].colour = vec4(0.2, 0.4, 0.5, 1.0);
	spheres[6].colour = vec4(0.5, 0.6, 0.8, 1.0);
	spheres[7].colour = vec4(0.7, 0.4, 0.6, 1.0);
	spheres[8].colour = vec4(0.4, 0.3, 0.3, 1.0);
	spheres[9].colour = vec4(0.2, 1.0, 0.2, 1.0);
	spheres[10].colour = vec4(0.2, 0.2, 0.8, 1.0);
	spheres[11].colour = vec4(0.0, 0.8, 0.4, 1.0);
	spheres[12].colour = vec4(0.3, 0.3, 0.6, 1.0);
	spheres[13].colour = vec4(0.4, 0.5, 0.3, 1.0);
	spheres[14].colour = vec4(0.5, 0.7, 0.7, 1.0);
	spheres[15].colour = vec4(0.2, 0.4, 0.5, 1.0);
	spheres[16].colour = vec4(0.5, 0.6, 0.8, 1.0);
	spheres[17].colour = vec4(0.7, 0.4, 0.6, 1.0);
	spheres[18].colour = vec4(0.4, 0.3, 0.3, 1.0);
	spheres[19].colour = vec4(0.2, 1.0, 0.2, 1.0);
//	spheres[20].colour = vec4(0.2, 0.2, 0.8, 1.0);
//	spheres[21].colour = vec4(0.0, 0.8, 0.4, 1.0);
//	spheres[22].colour = vec4(0.3, 0.3, 0.6, 1.0);
//	spheres[23].colour = vec4(0.4, 0.5, 0.3, 1.0);
//	spheres[24].colour = vec4(0.5, 0.7, 0.7, 1.0);
//	spheres[25].colour = vec4(0.2, 0.4, 0.5, 1.0);
//	spheres[26].colour = vec4(0.5, 0.6, 0.8, 1.0);
//	spheres[27].colour = vec4(0.7, 0.4, 0.6, 1.0);
//	spheres[28].colour = vec4(0.4, 0.3, 0.3, 1.0);
//	spheres[29].colour = vec4(0.2, 1.0, 0.2, 1.0);
//	spheres[30].colour = vec4(0.2, 0.2, 0.8, 1.0);
//	spheres[31].colour = vec4(0.0, 0.8, 0.4, 1.0);
//	spheres[32].colour = vec4(0.3, 0.3, 0.6, 1.0);
//	spheres[33].colour = vec4(0.4, 0.5, 0.3, 1.0);
//	spheres[34].colour = vec4(0.5, 0.7, 0.7, 1.0);
//	spheres[35].colour = vec4(0.2, 0.4, 0.5, 1.0);
//	spheres[36].colour = vec4(0.5, 0.6, 0.8, 1.0);
//	spheres[37].colour = vec4(0.7, 0.4, 0.6, 1.0);
//	spheres[38].colour = vec4(0.4, 0.3, 0.3, 1.0);
//	spheres[39].colour = vec4(0.2, 1.0, 0.2, 1.0);
//	spheres[40].colour = vec4(0.2, 0.2, 0.8, 1.0);
//	spheres[41].colour = vec4(0.0, 0.8, 0.4, 1.0);
//	spheres[42].colour = vec4(0.3, 0.3, 0.6, 1.0);
//	spheres[43].colour = vec4(0.4, 0.5, 0.3, 1.0);
//	spheres[44].colour = vec4(0.5, 0.7, 0.7, 1.0);
//	spheres[45].colour = vec4(0.2, 0.4, 0.5, 1.0);
//	spheres[46].colour = vec4(0.5, 0.6, 0.8, 1.0);
//	spheres[47].colour = vec4(0.7, 0.4, 0.6, 1.0);
//	spheres[48].colour = vec4(0.4, 0.3, 0.3, 1.0);
//	spheres[49].colour = vec4(0.6,0.4,0.4,1.0);


//	Light light;
//
//	light.pos = vec3(2.0, 2.0, -4.0);
//	light.direction = vec3(0.0, 0.0, -1.0);
//	light.colour = vec3(1, 1, 1);
//	light.ambient = 1.5;

	camera.Position = eye;
	camera.cam_up = eye_up;
	camera.cam_right = eye_right;
	camera.cam_forward = eye_forward;


	vec3 rayD = normalize(camera.cam_forward - (camera.cam_right * -Px) + (camera.cam_up * -Py));

	ray.origin = vec3(eye);
	ray.dir = vec3(rayD);
	int bounce;


	float last_t = t;

	vec3 direction;
	vec4 ambientColour;

	float diffuseFactor;
	vec4 diffuseColour;

	vec4 specularColour = vec4(0.0f);

	Ray shadowRay;
	Ray reflectRay;

if(delta_Time <1.0){
		for(int i = 0; i < spheres.length; i++)
	{
		if (RaySphereIntersect(ray, spheres[i]))
		{	
			if(t!=0.0)ray.colour = vec3(spheres[i].colour);
		}
	}
	}else
{	
	Light light;

	light.pos = vec3(2.0, 2.0, -4.0);
	light.direction = vec3(0.0, 0.0, -1.0);
	light.colour = vec3(1, 1, 1);
	light.ambient = 1.5;
for(int i = 0; i < spheres.length; i++)
{

	if (RaySphereIntersect(ray, spheres[i]))
	{

		vec3 hitPoint = ray.at(t);


		vec3 normal = (vec3(hitPoint - spheres[i].centre));
		

		shadowRay.dir = normalize(light.pos - hitPoint);

		shadowRay.origin = hitPoint + 0.1 * shadowRay.dir;

		//		reflectRay.dir= normalize(reflect(ray.dir, normal));
		//		
		//		reflectRay.origin = hitPoint;

		direction = normalize(light.pos - hitPoint);
		ambientColour = vec4(light.colour, 1.0f) * light.ambient;

		float diffuseFactor = max(dot(normalize(normal), normalize(direction)), 0.0f);
		vec4 diffuseColour = vec4(light.colour * 0.3 * diffuseFactor, 1.0f);

		vec3 fragToCam = normalize(camera.Position - hitPoint);

		vec3 halfVec = normalize(fragToCam + direction);
		float specularFactor = dot(halfVec, normalize(normal));


		specularFactor = pow(specularFactor, 128);
		specularColour = vec4(light.colour * 1 * specularFactor, 1.0f);

		if (t != 0.0f)ray.colour = vec3((spheres[i].colour) * (ambientColour * diffuseColour + specularColour));

	}

	}

		for (int i = 0; i < spheres.length; i++)
	{
		if (RaySphereIntersect(shadowRay, spheres[i]))
			{
			
				shadowRay.colour=ray.colour*0.5;
				if(t!=0.0f)ray.colour=shadowRay.colour;
			}			
		
	}	
	
}


//	for (int i = 0; i < spheres.length; i++)
//	{
//		int bounce=0;
//
//		if (RaySphereIntersect(reflectRay, spheres[i]))
//			{ 
//				if(bounce<MAX_BOUNCE)
//			{
//				reflectRay.colour=ray.colour +vec3(spheres[i].colour);	
//				bounce++;
//				
//			}		
//			
//			if(t!=0.0f)ray.colour=reflectRay.colour;
//		}
//	}
//


	
	

	
		pixel =vec4(ray.colour,1);
	

	imageStore(img_output, pixel_coords, pixel);
}



// dimensions of the image
Frames Per second of flashes of multiple spheres

FPS Before Flash	10	20	30	40	50	60	60	33	25	19	FPS with Flash	10	20	30	40	50	51	30	13	10	8	Number Of Spheres in scene


Frames Per Second
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bool RaySphereIntersect(Ray ray, Sphere sphere)
{

float t8, t1; // solutions for t if the ray intersects

vec3 L = sphere.centre - ray.origin;
Float tca = dot(L, ray.dir);
if (tca < 8) return false;
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Float thc = pow(sphere.radius * sphere.radius - d2, 8.5);
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struct Ray
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vec3 origin;
vec3 dir;
vec3 colour;
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if (t 1= 8.6f)ray.colour = vec3((spheres[i].colour) * (ambientColour * diffuseColour + specularColour));

for (int i = 8; i < spheres.length; i++)

if (RaySphereIntersect(shadowRay, spheres[i]))
{

shadowRay . colour=ray . colour*@.5;
if(t!=0.6F)ray. colour-shadowRay . colour;
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