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INTRODUCTION

Collision detection is a difficult aspect of a game 
engine’s architecture. Knowing when two or more 
objects are colliding is crucial to ensure that a 
proper response occurs within the game’s space 
and mechanics. The response can be a loss of 
health of a player character or the toppling of a 
lamp off of a table. The response that helps im-

merse the player in the game’s world first starts 
with the detection of the collision. This chapter 
will cover some of the methods in use by the 
game industry for detecting a collision event 
within a game. This chapter will not discuss how 
to respond to a collision event as that will vary 
depending on the game at hand just as the choice 
in collision detection will vary depending on the 
needs of the game.

A collision detection system should be designed 
early in a game’s development. It should not be 
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ABSTRACT

This chapter will describe several methods of detecting collision events within a 3D environment. It 
will also discuss some of the bounding volumes, and their intersection tests that can be used to contain 
the graphical representation of objects in a video game. The first part of the chapter will cover the 
use of Axially Aligned Bounding Boxes (AABBs) and Radial Collision Volumes. The use of hierarchies 
with bounding volumes will be discussed. The next section of the chapter will focus on Object Oriented 
Bounding Boxes (OOBs). The third section is concerned with the Gilbert-Johnson-Keerthi distance al-
gorithm (GJK). The last three sections will focus on ways of optimizing the collision detection process by 
culling unnecessary intersection tests through the use of type lists, sorted lists and spatial partitioning.
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put off to be added at a later time; this can result 
in inefficient changes to the engine architecture, 
and worst case scenario, become an execution 
bottleneck. There is no generic algorithm that 
works best for all collision detection scenarios 
because games have different demands for detec-
tion. A game with relatively few collidable objects 
will not need the same detection system as a game 
with thousands of objects.

All bounding volumes described in this 
chapter are pre-computed before execution 
time. Predictive collision checks are assumed 
in the sense that an object’s next position 
should be pre-calculated one loop before it is 
applied. The collision detection system will 
then be doing checks one frame ahead of where 
the object will be in order to stop an object 
from entering into a collision. The alterna-
tive method of moving the object out of the 
collision can result in more complicated and 
inefficient situations. Moving an object outside 
of a collision could result in it moving into a 
new collision with another object.

All pseudo code examples within this chapter 
are based off of C++.

BACKGROUND

This chapter is organized into three parts. The 
first section is a math primer on vectors and 
matrices. The math primer is not meant to be 
comprehensive, but it will present a couple 
of the rules for matrices and vectors. The 
second topic will focus on collision detection 
volumes that improve detection performance 
over pixel by pixel overlapping tests. The 
collision volumes are Axially Aligned Bound-
ing Boxes (AABB), Radial Volumes, Binary 
Volume Hierarchies (BVH), Object Oriented 
Boxes (OOB) and the Gilbert-Johnson-Keerthi 
distance algorithm (GJK). These bounding 
volumes are arranged in order of increasing 
complexity and precision.

The last topic will describe ways to reduce the 
number of necessary collision tests. This part is 
split up into three sections. These sections describe 
the ways of reducing the number of detection 
tests based on object type and object location. 
The first part of this section describes how to use 
dynamic and static object lists. The next section 
is concerned with the sort and sweep algorithm. 
The last section describes spatial partitioning us-
ing Quadtrees and Octrees.

Math Primer

Vectors

This chapter will make use of two mathematical 
structures: vectors and matrices. A vector is an 
ordering of two or more real numbers in a set. 
Throughout this chapter, two and three dimen-
sional vectors will be used to explain the different 
ways to check for collisions. In the pseudo code 
examples throughout this chapter, Vector3 will 
indicate a three dimensional vector while Vector2 
will indicate a two dimensional vector. This data 
structure is useful in collision detection because 
it can be used to represent a position, direction, 
and velocity among other things in two or three 
dimensions. The vector, v is a positional vector 
in two dimensional space. The normalized form 
of v, represents the direction from the origin 
through v and is represented with two vertical 
bars, ||v||. The normal of v is calculated using the 
magnitude of v, |v|.

v = (2, 2)                              
//position vector

The magnitude is calculated by taking the 
square root of the addition of each element squared. 
An example of calculating the magnitude:

|v| = SquareRoot(v[0]^2 + v[1]^2)       
//magnitude 

|v| = 2.8284



 

 

30 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/collision-detection-video-games/66324

Related Content

Play in the Museum: Design and Development of a Game-Based Learning Exhibit for Informal

Science Education
Jonathan P. Rowe, Eleni V. Lobene, Bradford W. Mottand James C. Lester (2017). International Journal of

Gaming and Computer-Mediated Simulations (pp. 96-113).

www.irma-international.org/article/play-in-the-museum/191246

Optimum Insole Hardness for Attenuating Peak Plantar Pressure Under Simulated Loading

Scenarios
Maimaitirexiati Helili, Xiang Geng, Chao Zhang, Jiazhang Huangand Wenming Chen (2024). International

Journal of Gaming and Computer-Mediated Simulations (pp. 1-12).

www.irma-international.org/article/optimum-insole-hardness-for-attenuating-peak-plantar-pressure-under-simulated-

loading-scenarios/353435

Virtual Reality Confined Space Training System: Optimizing College Physical Education in

Limited Venue Settings
Dan Xie, Lina Wangand Wei Song (2026). International Journal of Gaming and Computer-Mediated

Simulations (pp. 1-19).

www.irma-international.org/article/virtual-reality-confined-space-training-system/412465

Institutions as Designers of Better Social Games
Albena Antonova (2023). Research Anthology on Game Design, Development, Usage, and Social Impact

(pp. 1346-1357).

www.irma-international.org/chapter/institutions-as-designers-of-better-social-games/315544

Integrating Game-Enhanced Mathematics Learning into the Pre-Service Training of Teachers
Maria Meletiou-Mavrotheris (2013). New Pedagogical Approaches in Game Enhanced Learning:

Curriculum Integration  (pp. 159-179).

www.irma-international.org/chapter/integrating-game-enhanced-mathematics-learning/75799

http://www.igi-global.com/chapter/collision-detection-video-games/66324
http://www.irma-international.org/article/play-in-the-museum/191246
http://www.irma-international.org/article/optimum-insole-hardness-for-attenuating-peak-plantar-pressure-under-simulated-loading-scenarios/353435
http://www.irma-international.org/article/optimum-insole-hardness-for-attenuating-peak-plantar-pressure-under-simulated-loading-scenarios/353435
http://www.irma-international.org/article/virtual-reality-confined-space-training-system/412465
http://www.irma-international.org/chapter/institutions-as-designers-of-better-social-games/315544
http://www.irma-international.org/chapter/integrating-game-enhanced-mathematics-learning/75799

