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Abstract

Computer graphics are implemented in a variety of fields, such as digital art, education and training, entertainment,
and user interface design. They are a vital tool for human-computer communication. Computer graphics enable
people to efficiently communicate abstract thoughts and concepts in the digital sphere through visual representation.
The idea of ray tracing is fundamental to this field; it is a rendering technique that is widely used in real-time and
non-real-time applications, particularly in video games, television, and movies.

This article offers a thorough analysis of ray tracing, covering its fundamental ideas, rendering techniques, and
crucial role in the production of video games. It also explores the recently developed field of neural ray tracing,
demonstrating how it may be used to further enhance computer graphics.

Keywords — Ray Tracing, Rendering, Fundamentals, Computer Graphics, Neural Ray Tracing, Pipeline.

[Type here]



mailto:manav.gangar89@nmims.in
mailto:manav.gangar89@nmims.in
mailto:jash.ghelani134@nmims.in
mailto:siddh.foria198@nmims.in
mailto:siddh.foria198@nmims.in
mailto:jesleena.gonsalves@nmims.edu

#g‘! ‘3%3
Iiskzﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 08 Issue: 04 | April - 2024 SJIF Rating: 8.448 ISSN: 2582-3930

Introduction

Computer Graphics is the backbone for image data or art to be displayed to users from users in a meaningful way.
They are the main tools used to display the image data or art. It focuses on key areas like:

. Rendering

. Modelling

. Animation

. Visualization

. Virtual Reality and Augmented Reality

The goal of producing realistic visuals in the wide world of video game graphics, animations, and many other
industries has always been an ongoing endeavour, requiring breakthroughs in rendering techniques to produce
visually attractive and immersive virtual worlds. One groundbreaking technology that has revolutionized this field is
ray tracing. It has drastically evolved from a computationally intensive rendering method into a transformative force
that defines how light and shadows work, react and look in virtual environments. In computer graphics, ray tracing is
a rendering technique that simulates the behaviour of light in a scene to produce realistic visuals.

Ray tracing works on the basic premise of projecting rays through each pixel in the viewport from the camera (or an
eye) and tracking their courses as they intersect with the objects in the image.

Apart from this, it is a vast field of study which includes user interface designing, vector graphics, 3D Modelling,
geometry processing, and shaders etc.

Our exploration begins with an in — depth examination of the fundamentals in raytracing, rendering, Neural Ray
Tracing. Subsequently, switching our focus on the gaming industry and how it helps achieve realistic visuals.

Fundamentals of Ray Tracing

I.Ray Casting: It is a process included in the ray tracing algorithm that shoots one or more rays from the
camera, passing through each pixel in an image plane. Which is then tested to see if the rays have intersected
any primitives (triangles) in the scene. If any ray is intersecting, then the distance along the ray from the
origin to the primitive is determined, and the colour data from the primitive contributes to the end colour of
the pixel.

II.Path Tracing: It is a more intensive form of ray tracing that traces hundreds or thousands of rays through
each pixel and follows the rays through objects before reaching the light source in order to collect colour and
lighting information.

[I1.Bounding Volume Hierarchy (BVH): A well-liked ray tracing acceleration method called Bounding
Volume Hierarchy (BVH) employs a tree-based “acceleration structure” with several hierarchically
structured bounding boxes, or bounding volumes, encircling varying proportions of scene geometry or
primitives. While there are various methods and improvements available to speed up the process, testing
each ray against every primitive intersection in the picture is an inefficient and computationally costly
process. BVH is one such method. It is necessary to construct a BVH structure from source geometry before
rendering a scene for the first time.
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IV.Denoising Filtering: Without casting more rays, this advanced filtering method can enhance performance
and image quality. When dealing with noisy images that may be sparsely formed, exhibit random artifacts,
visible quantization noise, or other forms of noise, denoising can greatly improve the visual quality of the
image.

Pipeline of Ray - Tracing

® Ray Tracing Gems, a comprehensive analysis of real-time ray tracing best practices, was recently released
by NVIDIA. To encourage all developers to adopt cutting-edge rendering technologies, the book was made
available for free download.

®Eric Haines of NVIDIA, the editor of Ray Tracing Gems, is the host of the seven-part Ray Tracing
Essentials video series. This program aims to inspire developers with stunning and dramatic applications of
technology while educating them on numerous phrases and ideas used in the industry. This article discusses
the Ray Tracing Pipeline, the fourth video in this series.

® A linear pipeline is used in rasterization, usually using triangles as input and pixel samples as output.
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® More rays can be created along the way to affect the outcome of interactive ray tracing in DirectX 12
DXR, Vulkan, or OptiX. The process begins with a ray and concludes with a pixel sample.

®To regulate per-ray behaviour and to intersect custom primitives, five new types of shaders are provided.

®n addition, ground-truth image generation and baking can be expedited by fast ray tracing.
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Rendering Techniques and Effects

° Ray tracing is a rendering technique that creates physically correct reflections, refractions,
shadows, and indirect lighting to properly recreate the illumination of a scene and its objects.

® Through the use of the view camera, which establishes your point of view into the scene, the 2D
viewing plane (pixel plane), the 3D scene, and finally the light sources, ray tracing creates computer
graphics pictures.

® The light may cause reflections as it moves over the scene, shadows when it is obstructed by
objects, and refractions when it passes through transparent or semi-transparent objects.

® A pixel's ultimate colour and lighting are produced by combining all of these interactions, and the
result is a display on the screen. Because it is significantly more efficient than tracing every light ray
generated from light sources in every direction, the reverse tracing method from the eye/camera to the
light source was chosen.

® Looking around you at this very moment is another way to think about ray tracing. Light beams are
illuminating the items you are seeing. Now reverse that and trace those beams' course from your eye to
the things with which light interacts. Ray tracing is that.

® Ray tracing is mostly used in computer graphics, both in real-time (video games) and non-real-
time (film and television). Applications in engineering, architecture, and lighting design are among the
others.

® Basic rendering and ray tracing concepts are covered in the section that follows, along
with a glossary of terms.
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Hardware and Software Acceleration in Ray Tracing

IL.Hardware acceleration in ray-tracing:

1. Graphics processing units (GPUs): the new GPUs are very compatible and they are specially
designed to take large amounts of data. These GPUs can do plethora of calculations at one time which aids in
giving excellent output of tasks like ray tracing. GPUs take away the load from the CPU which allows faster

rendering.

2. Ray tracing hardware: the new technology has paved many paths to enhance the operations of the
GPUs especially in ray tracing. The newer GPUs features a respective hardware only for ray tracing such as
the NVIDIA’s RT Cores which was launched with their RTX series. These dedicated hardware devices have

helped the calculations of ray tracing to be more efficient and productive.
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ILSoftware acceleration in ray-tracing:

1. Improving the algorithm: optimizing the algorithm can significantly improve the performance of
ray tracing calculations. The number of calculations can be reduced by improving algorithms such as

bounding volume hierarchies, spatial partitioning and efficient intersection.

2. Multiple core: multiple cores can also aid in speeding up the ray tracing calculations because the
load is divided over many processing units. This also helps when the scene has complex and higher

integration with many light sources or objects.
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o Neural
Ray Tracing
Neural ray tracing bridges the gap by employing a two-pronged approach:

I.Neural surface representation: A neural network learns to represent the surfaces of objects in the
scene. This allows for efficient techniques like ray marching to be used for intersection detection.

II.Lighting prediction: Another neural network predicts how light interacts with the surfaces based on
position and viewing direction. This enables the model to render scenes under various lighting

conditions.

(a) Camera ray sampling (b) Volumetric intersection

(c) Rendered images (d) Light sampling (e) Bounce sampling

o The model is trained on a diverse dataset to capture surface variations, materials, and lighting
effects. Metrics (PSNR, MSE) assess rendering quality against ground truth images.

o Generalization is evaluated on novel views, unseen lighting, and material/shape edits. Visual
comparisons and metrics demonstrate the model's effectiveness in realistic and controllable rendering.
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Applications of Ray Tracing

1. Visual reference: ray tracing can be used as virtual visual reference such as architects can use to
render interiors as well as exterior places where light reaches and this can give a great preview of the place
before building it.

2. Simulation and training: ray tracing can be used in simulating and training environments to give
off a realistic feel such as it can be used in flight simulation, military trainings or other automotive trainings.

3. Designing cars: car manufacturers can use ray tracing to evaluate the outcome of a vehicle designs.
It helps them know the appearance of a car under different conditions of lighting or light reflections on the
surface of the car.

4. Product design: designers can use ray-tracing to make high quality products for marketing and
advertisement. It aids in showing the product in different lightings and create realistic environment for
presentation.

Simulator

Conclusion

A fundamental component of computer graphics, ray tracing has transformed rendering methods and expanded the
bounds of visual realism. This essay has examined its foundational ideas, developments, and uses in a variety of
sectors.

Ray tracing makes it possible to create incredibly realistic virtual worlds, from basic ideas like ray casting to
advanced methods like route tracing and BVH. Pioneering advancements in domains spanning from entertainment to
engineering have been made possible by its incorporation into real-time and non-real-time systems, bolstered by
hardware and software acceleration.

Ray tracing technology is expected to continue innovating and to provide new avenues for artistic expression and
useful applications in the future.
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