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Abstract

The creation of a computer game is a complex task and engine
games are built to facilitate game development. There are
several available engines and each one has different features
and purposes. The challenge is to choose the most appropriate
for a particular game project. This paper provides a compact
and comprehensive overview of the best open source 3D
engines and a discussion of the most important features. The
evaluated engines that support both Windows and Linux
platforms are: Blender Game Engine, Crystal Space, Delta3D,
Irrlicht, jMonkey Engine, Ogre3D, OpenSceneGraph and
Panda3D.

Keywords: Open Source 3D Game Engine, Blender Game
Engine, Crystal Space, Delta3D, Irrlicht, jMonkey Engine,
Ogre3D, OpenSceneGraph, Panda3D

Authors’ contact:
{rafaela rocha, rodrigo rocha}@dc.ufscar.br

1. Introduction

Computer games are software for different purposes, from
entertainment to training simulations. Game engines are
software systems that enable game development and execution
[1,2]. These systems can provide features from communication
with input and output devices to physics calculations and
artificial intelligence. Generally, the features are grouped into
components. A large number of companies that are specialized
in building engines or components for games have emerged in
the last years. One of the challenges for game developers is to
choose the engine that best meets the needs of each project.
Different features can be used for choosing the best engine for a
game. In the Web there are several forums and articles with
different opinions about the best 3D engines. However, for
beginners in this area, who do not have the important criteria
clearly defined, it can be a complex task to make the best
decision. This paper presents a comparison and analysis of the
best open source 3D games engines for both Windows and
Linux platforms. These engines have documentation, large user
community and stable source code available. The main engine
features are introduced and the engines are presented and
analyzed. The paper is organized as follows: In Section 2, the
main features and fundamentals of engines are introduced. In
Section 3, the top game engines are presented. In Section 4, a
compact view of these engines is provided, followed by
Discussions, Conclusions and References.

2. Concepts and Features of Engines

An engine provides an abstraction to developers to make their
project development easier by hiding complex concepts and
providing powerful resources (usually described as libraries or
APIs) [2]. There are specific engines, such as, physics (PhysX,
ODE, Newton, Bullet), audio (OpenAL), input (InterSense,
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PLIB, SDL, Openinput), GUI (ceGUI, QT, FLTK) and
network (GNE, HLA, HawkNL, RakNet, OpenTNL), among
others. Several factors can be considered when choosing a
suitable engine, such as recent technology, license and
distribution costs, source code available, game type to be
created, platform, developer community, sound and
networking systems support, documentation available,
rendering, user interface, character and vehicle animation,
collision detection and tools that can be used [2, 3]. In this
paper, it is assumed that the game developer is evaluating
engines that: (1) have a recent stable version; (2) have no
license cost; (3) have the source code available; (4) have
support for both Windows and Linux platform; (5) are not only
for a specific game type; and (6) have available documentation
and forum. These assumptions ensure the maturity and stability
of the open source engines and the development support. Next
section presents the best game engines under the above criteria.

3. Description of the best Graphics and

Game Engines

There are several sources for presenting and comparing 3D
engines [1, 3, 4, 5]. Although some of them are pretty good and
complete, it is not easy for a beginner to find and decide about
the best engine for hisher project. DevMaster.net [6], for
instance, contains 303 engine records available for research.
Although it has a great engines list, with a complete feature
description, some of the engines are outdated and comparing
the engines is a complicated task, especially for beginners. This
section provides a general and more compact view of some of
the most important features of available 3D engines with their
structure and limitations when compared to each other. By
having the top Google results and the engines listed in the other
sources above, and considering the engines that run on both
Windows and Linux OS, free license and source code available
for download, eight open source game engines were selected
for analysis, which are described and compared in the next
sections.

3.1 The Blender Game Engine

Blender Game Engine [7] is a system for 3D modeling,
animation, compositing, rendering and development of 3D
games and simulations in real-time. It consists of several
simulation engines such as particles, rigid body dynamics, soft
body and fluid, among others. Blender contains a 3D modeling
environment with graphical interface and rendering and a game
engine [7]. The Blender Game Engine uses logic blocks as a
visual way to create interactions within the game. Blender is
composed of several external libraries, APIs and operating
system libraries.

3.2 Crystal Space

Crystal Space (CS) [8, 9] is a framework for developing 3D
graphics applications. The CS rendering engine is modular,

333



SBC - Proceedings of SBGames 2010

configurable and extensible. It supports OpenGL and advanced
features such as shadows, lighting systems, physics, animation,
foliage, terrain, physical devices, among others. The Crystal
Entity Layer (CEL) provides the game engine that allows
developers to manage entities (non-visual or visual objects in
the game). CELstart is a CEL-based environment that allows
the creation of games via scripting (Python or XML script).
The use of the game engine (CEL) is optional. If using it, the
entities must be declared as specified in CS, losing some
flexibility of the models, but with the option of using artificial
intelligence and other resources of the engine [9].

3.3 Delta3D

Delta3D is a game and simulation engine developed by the
Modeling, Virtual Environment and Simulation (MOVES)
Institute at the Naval Postgraduate School [10, 11]. Delta3D
integrates and provides different APIs. These APIs provide
support for: rendering, particle system, scripting language,
network management (an interface to the network compliant
HLA standard reference and an integration with internal
components of the RTI [12]), animation, among others.
Delta3D allows direct access to its APIs as needed. Delta3D
provides several tools, such as, the 3D model viewer, the HLA
Stealth Viewer, the particle editor, the BSP compiler and the
Simulation, Training, and Game Editor (STAGE) [11].

34 Irrlicht

Irrlicht [13] is a 3D engine that creates an abstraction to the
application by hiding the low level implementation using
OpenGL, DirectX or software renderer. It provides the
interfaces for system input and output, graphical user interface,
video driver access, scene management and character
animation. Irrlicht provides free libraries and tools for adding
features, such as sound control, XML parser and 3D world as
well as level editor.

3.5jMonkey Engine

jMonkey Engine (JME) [14] is a graphics API written in Java
that provides a scene graph architecture. jJME has support to
LWIGL (Lightweight Java Game Library) and JOGL (Java
OpenGL), which allows access to OpenGL using Java
language. The OpengGL ES renderer is planned for futures
release, well as Android support. JOGL OAL (Open Audio
Library) provides audio functionalities for jME. The Scene
Graph provides a tree structure that allows organizing the 3D
scene objects. JME supports environmental mapping, particle
systems, keyframe and skeletal animation, pathfinding
algorithms (1A).

3.6 Ogre3D

Object-Oriented Graphics Rendering Engine (OGRE3D) was
developed by Steve Streeting and is currently maintained by
OGRE Team [15]. It manages the state of automatic processing
and transparencies rendering. It supports shaders written in both
machine and high-level languages. It also has flexible data
formats mesh, animation support, management scene, scene
graph hierarchy, different techniques of shadow rendering,
special effects, particle system, among other features. In
Ogre3D there are many manager classes that control distinct
resources. There are also many wrappers that provide features
such as networking, collision detection, physics, sound, input
control, artificial intelligence and graphical user interface.
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3.7 OpenSceneGraph

OpenSceneGraph (OSG) is a high-level graphics toolkit [16]. It
allows the creation of high performance graphics applications
with high level calls since it provides an object-oriented
framework that accesses the OpenGL. It uses a scene graph
that manages the objects in virtual space. OSG has the core, the
plugins, and the node kits. OSG plugins allow to export, import
and load different 3D models. Node kits are separate libraries
that provide features such as effects, particle systems, visual
simulation, animation, interactive controls, terrain and volume
rendering, among others. In the OSG core, there are the scene
graph classes, utility classes and database reading and writing
libraries.

3.8 Panda 3D

Panda3D is a 3D engine for rendering and game development,
developed by Disney Imagineering and currently maintained
by Carnegie Mellon University's Entertainment Technology
Center (CMUET) and it [17]. It also uses a scene graph that
controls the objects in virtual space. Panda3D implements
several features, some of these use specific engines, such as,
sound, physics, shading language and artificial intelligence. It
provides support to effects, character animation, particle
system, scripting language, input devices, graphic user
interface, and network management, among others. In the next
section, these 3D game engines are compared and analyzed.

4. Comparison and Analysis

The engines features were grouped into four groups (graphics,
non-graphics, development and background) for organization
purposes as described in the next sub-sections. For each group,
the characteristics and technical issues are listed in tables, in
alphabetical order. New features that go beyond the ones
described in sources such as WebMaster.net, and are currently
implemented by the engines, are described.

4.1 Graphics features

The graphics features include animation, curves and surfaces,
lighting, meshes, rendering, texturing, scene management,
shaders, shadows, special effects and terrain as shown in Table
1 (For organization purposes, Table 1 is partitioned in three
parts). Animation, lighting, meshes, rendering, shaders, special
effects and texturing are explored by all the engines at some
level. Delta3D does not have support to shadows and Panda3D
does not have scene management. Curves and surfaces are not
implemented in Delta3D, Irrlicht, OSG and Panda3D.

Table 1: Comparison of the graphics features (Part 1).
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Table 2: Comparison of the graphics features (Part 11).
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genetic algorithms, neural networks and pathfinding [9];
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BGE now has support for the GLSL high-level shading
language; CS supports the animation for ragdoll and inverse

* CS can be used in conjunction with the Blender editor.

Table 3 - Comparison of the development features (Part I1).
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Al engines have some support to physics and sound. BGE,
Delta3D, Ogre3D and Panda3D have support to client-server
network. Only Delta 3D has support to networking system with
HLA protocol. Artificial intelligence techniques are not fully
explored by most engines. The last non-graphics features
updating are as follows: CS has support for Al: behavior trees,

IX SBGames - Florianodpolis - SC, November 8th-10th, 2010

developed to Java. Python and Java are the main languages
with wrappers or bindings support. Python is the main
language for scripting. CS now provides bindings for Python,
Java and Perl languages and also has support for the scripting
language: Python or a dedicated XML compliant description;
and Irrlicht provides binding for the Java, PureBasic,
BlitzBasic, Lua, Ruby, Python and GameMaker. BGE, CS,
Delta3D, Irrlicht and OSG have stable editing tools. Blender is
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a 3D editor that can be used with BGE or Crystal Space. The
STAGE is the simulation, training, and game editor created by
the MOVES Institute at the Delta3D. irrEdit is a 3D world as
well as level editor for the Irrlicht engine. osgEdit is a scene
graph editor for OSG. MonkeyWorld3D is a world editor for
the deprecated jJME 1.0 (the unstable JME 3.0 has a game
development environment — jMonkeyPlataform).

4.4 Background features

The background features include the engine creation year,
which can indicate the maturity of the engine; if there is
documentation; the number of persons in the core team and the
number of forum members (in thousands), which can indicate
the community involvement level; license name defines the
user’s freedom; the update date of the current stable version, the
current stable version and the latest unstable version can
indicate if there is continued development. All engines have
more than six years of development and had one stable version
updated last year. Ogre3D license is MIT from 1.7 versions.
BGE can be used commercially allowing access to source
code, as well as CS, Delta3D and OSG. Irrlicht, jJME, Ogre3D
and Panda3D do not require distribution of source code for
development of commercial games.

Table 6: Comparison of the background features.
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Disney Imagineering
Panda3D | 2001 x and CMUET Center 1-5 X 14/05/2009 162 1.7.0

4.5 Discussion

The tables in the previous sections can be used to facilitate the
developer’s choice by providing a compact but general view.
There is no better engine, but one that fits the needs of a
specific project. This conclusion can be reached with a single
feature or by combining more than one, as shown in the
following few examples: Project needs to be compatible
with the network protocol HLA: Delta3D is the engine that
already provides this support (Table 2); Platform restrictions:
(Table 3 - Part I) Xbox: Irrlicht; PlayStation: OSG; and iPhone:
Ogre3D; Project requires the native language Java: jME is
the only option (Table 3 - Part II); Game in client-server
network with non-player characters (NPCs) and collision
detection: In this case, it can be combined the support for
client-server network with pathfinding (Al) for NPCs, collision
detection (physics) and facial animation. As can be seen in
Table 1 (Part I) and Table 2, Ogre3D is the engine that covers
all these features; and Standalone racing cars with special
effects to simulate the sky: In this case, vehicle physics and
sky (special effects) can be combined, with the use of curves to
control the path of other vehicles (NPCs). As can be seen in
Table 1 (Part | and 111) and Table 2, BGE meets all these needs.
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5. Conclusion

This paper presented the best open source 3D game engines
with support to Windows and Linux Operating Systems. A
compact view was presented of all main features grouped as
graphics, non-graphics, development and background features.
Other important aspects were mentioned, such as, maturity,
community size and activity level. Each game project has
specific needs. Game engines are of great help to games
developers as they provide an abstraction that hides complex
features from the user and the application. This paper
contributes to a more general understanding of the eight best
considered game engines available for game and simulation
developers.
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