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Abstract: Ray tracing helps to produce photo realistic images in real time. It is based on how light interacts with the different objects
within the scene. There are lots of various physical effects that can be achieved using the ray tracing algorithm. This paper describes the
various concepts and modules involved in a ray tracing program having minimalistic and easy codes that a user can tinker around with
it to do experimentation and learn the fundamentals of ray tracing procedure. This helps people who need to understand the working
principles and the various effects that can be achieved using ray tracing method.
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1. Introduction

A ray tracing algorithm is a technique for modelling light
transpose for producing photo realistic images/renders. It
traces a beam of light from a viewport towards the objects
present in the screen. If the object is opaque, it casts a
shadow ray only. In case of reflective or refractive object, it
can cast a reflective ray, a refractive ray and a shadow ray.
The shadow ray is always traced towards the light source,
and if it’s blocked by another object, it casts shadow,
otherwise it casts a colour. This provides how an object
looks in a real-life situation. Ray tracing gained huge
popularity after beginning its implementation in video
games that provides real time outputs. This process of
tracing rays from viewport is called as backward tracing.
Whereas in forward ray tracing, rays are traced from light
sources, which provides true to nature outputs.

2. Literature Survey

In July of 2022, a literature survey was conducted in the
following worldwide online bibliographic databases: (a)
IEEE Explorer, (b) SpringerLink, (c) ACM Portal and (d)
Science Direct. (“Ray Tracing”) AND (“Computer
Graphics”) AND (“Render Engine”) were the search terms
used. The articles were chosen based on the following
inclusion criteria:

o Relevant research works proposing techniques for simple
ray tracing engine

o Discuss the methods, development and evaluation of the
simple ray tracing engine

e Published in the journal

Further filtering took place by excluding the articles based
on the following exclusion criteria:

e Paper that are written in a language other than English
o Paper to which full access was not granted
o Papers that lacked a through explanation and assessment

3. Problem Definition

The problem faced while studying the field of ray tracing is
that there is no a simple engine with easy and readable cone
a new learner can understand while also having the basic
functionalities of a ray tracing algorithm. This paper tends to
solve this problem by providing a simple pipeline for
building a minimalistic ray tracing engine with basic
concepts implemented and that can be tinkered around to see
how it affects the scene.

4. Methodology and Overall Concept

The engine consists of three components. They are;

e Objects
e Rendering
o GUI

These three modules work together to provide the desired
output. Each model has its own functionality and each of
them depends on one another. There will be predefined
object and properties present within the engine, which can
be tweaked or modified entirely for one’s purpose.

5. Modules of the Engine

All The three modules must need to work synchronously to
obtain the required result. This helps to understand the
importance of each module.

A. Object Module

This module consists of the predefined objects that are
present in the scene, namely a box, a plane, a solid and a
sphere. These are best suited for showing hoe the ray tracing
algorithm works because each object has its own speciality.
In the case of box, it contains flat surfaces and also sharp
edges where tracing the shadow ray is difficult. For plane it
shows the basic workings of reflection and refraction. For
sphere finding the rays that bounces from the surface shows
how good the output of ray traced image when compared to
rasterization and also its disadvantage, that is the
computational cost and time taken for tracing the rays. It
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also defines the materialistic properties of the objects. They
are;

Diffuse colour.

Specular colour.

Reflectance, that varies between 0 and 1.

Specular reflectance, that has value 0 for diffuse and
value 1 for mirror.

e  Transmissivity, that varies from 0 and 1.

e Refraction Index that has value 1 for air and value 2.4
for diamond.

e Roughness, that varies from 0 and 10.

These characteristics of the object help to determine how the
ray interacts with object in the scene.
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Figure 1.1: Object module and its various components

B. Rendering Module

The Rendering module is built purely using C++ language
and libraries. It uses Monte Carlo ray tracing algorithm to
simulate many light phenomena. They are

Reflection
Refraction

It also makes use of photon mapping algorithm to stimulate
caustic effects. Parallelization is achieved using openMP
library.
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Figure 1.2: Rendering module and its various components
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C. GUI Module The Progress Dialog show the total progress of the render
The GUI Module consist of four components, namely finished out of 100 percentage. This helps the user to see
e Progress Dialog how long a render takes based on the given custom inputs.
e Setting Panel The Setting panels help to control the scene setting namely
e Viewport reflectance, transmissivity, refraction index and roughness.

The viewport is used to show the output of the final render.
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Figure 1.3: Overall pipeline of the ray tracing engine for easy understanding.

6. Results

Figure 1.4: Final Render with an opaque object in the scene
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Figh re 1.5: Final Render with a transparent object in the scene

Figure 1.6: Final Render with a translucent object in the scene.

Volume 11 Issue 8, August 2022
WWWw.ijsr.net

Licensed Under Creative Commons Attribution CC BY

Paper ID: SR22823192236 DOI: 10.21275/SR22823192236 1267



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

7.

Figure 1.7: Final render with an opaque and multiple reflective objects to show how well the ray tracing algorithm can

provide photorealism.

Future Works

In the futures the following additional components will be
added to give user more control over the final render scenes.
They are;

8.

Implementing a depth of field technique that gives
cinematic feel to the render

Optimization techniques that can reduce the render
time drastically like reduce cash misses, simplify code
and precomputing.

Ad mor refraction amount that helps to increase the
photorealism of the render.

Improving parallelization by making use of better ray
tracing API like CUDA and Vulkan.

Conclusion

This paper helps the user to create and experiment on a basic
ray tracing engine with much needed functionalities. This
also helps one to understand the concepts of computer
graphics involved in ray tracing and intrigue the user to
study upon mor on this domain. While the concepts of ray
tracing are changing often, the basic concepts remain the
same. This this engine last longer in terms of basic concepts
learning of this domain.
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