
Ray Tracing in One Weekend: A
Comprehensive Guide to the Art of Realistic
Computer Graphics
Ray tracing is a technique used in computer graphics to generate realistic
images by simulating the way light interacts with objects in a scene. Unlike
traditional rendering methods, which use simplified models of light and
shadow, ray tracing traces the path of individual rays of light as they
bounce off objects and through the environment, resulting in much more
realistic and physically accurate images.

This guide provides a comprehensive overview of ray tracing, covering the
fundamental concepts, algorithms, and techniques used to create
stunningly realistic computer graphics. Whether you're a beginner looking
to understand the basics or an experienced programmer seeking to delve
into the details of ray tracing, this article will equip you with the knowledge
and resources you need.

To follow along with this guide, you should have a basic understanding of:
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Computer graphics

Linear algebra

Programming (any language is fine)

Ray tracing is based on the principle that light travels in straight lines.
When a light source emits light, rays of light radiate outward in all
directions. These rays may interact with objects in the scene, causing some
rays to be absorbed, reflected, or refracted. By simulating the paths of
these rays and computing the interactions between them and the objects in
the scene, we can create a realistic image.

The core of ray tracing is the ray-object intersection test. This test
determines whether a ray intersects an object and, if so, computes the
point of intersection and other relevant data. There are numerous
techniques for performing ray-object intersections, depending on the type
of object being tested.

Lighting and shading play a critical role in creating realistic images. Ray
tracing allows for accurate modeling of different light sources, such as point
lights, directional lights, and spot lights. By considering the intensity, color,
and direction of the light sources, ray tracing can simulate various lighting
effects, including shadows, reflections, and refractions.

Shading techniques determine how objects appear when illuminated by
light. Ray tracing supports a wide range of shading models, from simple
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diffuse shading to physically based rendering (PBR) models that account
for complex light interactions with materials.

To define a scene for ray tracing, we need to represent the objects, light
sources, and other relevant data. There are various scene description
languages and data structures used for this purpose. A common approach
is to use a hierarchical structure, such as a bounding volume hierarchy
(BVH),to efficiently organize and accelerate the ray-object intersection
tests.

Implementing a ray tracer from scratch can be a challenging but rewarding
task. In this chapter, we will discuss the key algorithms and techniques
involved in implementing a basic ray tracer. We will cover topics such as:

Scene traversal

Ray-object intersection

Computing shading and lighting

Image sampling and filtering

Once you have a basic understanding of ray tracing, you can explore more
advanced techniques to create even more realistic and compelling images.
These techniques include:

Global illumination: Simulating the indirect illumination caused by light
bouncing off multiple surfaces.

Anti-aliasing: Removing jagged edges caused by discrete pixel
sampling.



Motion blur: Simulating the effect of motion on an image.

Depth of field: Simulating the effect of a camera's aperture on focus.

Ray tracing is used in a wide range of applications, including:

Film and animation production

Architectural visualization

Product design

Scientific visualization

Ray tracing is a powerful technique for creating stunningly realistic
computer graphics. By simulating the way light interacts with objects in a
scene, ray tracing produces images that are far more realistic than those
generated by traditional rendering methods. This guide provides a
comprehensive overview of the fundamentals, algorithms, and techniques
used in ray tracing, equipping you with the knowledge and resources you
need to create realistic computer graphics of your own.

Ray Tracing in One Weekend by Peter Shirley

Ray Tracing Tutorial by scratchapixel

Ray Tracing from the Ground Up by Kevin Beason, Neelakantha
Narayanan, Ravi Ramamoorthi, and Srinivasa Narasimhan

Ray tracing example 1: A photorealistic rendering of a scene with a
teapot and glass ball.

Ray tracing example 2: A photorealistic rendering of a scene with a
car and mountains.

https://www.raytracinginoneweekend.com/
https://www.scratchapixel.com/lessons/3d-basic-rendering/ray-tracing-part-1-the-basics-of-ray-tracing
https://pbr-book.org/3ed-2018/Ray_Tracing_from_the_Ground_Up.html


Ray tracing example 3: A photorealistic rendering of a scene with a
spaceship and stars.

Ray tracing example 4: A photorealistic rendering of a scene with a
city skyline.

Ray tracing example 5: A photorealistic rendering of a scene with a
human face.
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