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Before we get into the meat and potatoes…

• What is a tick? 
• What is a pipeline?
• What is a scene graph? 
• What is LOD? 
• What is BSP and CSG?
• What is an API?



The Tick

• Smallest unit of computer time
• Processor interrupted at certain intervals
• Changes depending on processor

speed, usage, and OS
• Processor time cannot always be 

predicted accurately
• Think of tick as a shutter

• Processes occur behind the shutter
• Shutter opens to user

• Ensure that actions occur at correct frame rate
• Also useful in networked games, ensure that actions

are performed in correct order
• For performance, some calculations are not performed every

tick, but interpolated
• Sometimes can be set by user



The Pipeline

• The process of creating assets and incorporating them in the game
• Critical consideration when choosing an engine
• Smooth transitions from modelers > animators > … > programmers > QA
•Mature pipelines have:

• Exporters for common 3D packages or
dedicated editing packages

• Preview/Debugging tools
• Custom tools are frequently built

uhspublications.com

Programming Debugging
Modeling/Texturing/
Animation

garagegames.com

Concept Art



Scene Graph

• Graph of all the objects in the world and their transforms
• Path through the graph provides all information for object on the leaf  

Java3D scene graph



LOD

• Level of Detail
• Swap out high resolution models for low resolution ones
• Determined by distance
• Done for performance

garagegames.com



CSG

• Constructive Solid Geometry
• A unit is known as a “brush”
• Each brush is a closed, convex primitive
• Used for interiors 
• Editors: QuArK or GarageGames’ Constructor



BSP

• Binary Space Partitioning
• Used for fast collision detection, culling/sorted rendering, 

location detection, and performance
• Usually a tree structure
• Essentially break spaces in the world into two (binary) pieces
• Recursion is used to determine location of the player 
• Preprocessed, so extremely fast

PlanetQuake



API

• Application Programming Interface
• Abstract: Allows access without details of implementation (“the black box”)

• “I don’t care how it works, just do it.”
• “high level” vs. “low level”

glLightfv(GL_LIGHT0, GL_AMBIENT, light_ambient);

Creating a direction light using the OpenGL API

DirectionalLight(color, direction);

Creating a direction light using the Java3D API



Game Engine � Graphics Engine



Typical Control Flow

Capture/process input

Calculate time
(ticks to milliseconds)

Check server/client packet 
transmission (if networked)

Render current frame

Advance sim time

Check for network
Timeouts (if networked)

Example: Simplified Torque Control Flow



Common Components
• Scene graph
• Input model
• Networking support
• Simulation objects
• Resource manager (bitmaps, sounds, fonts, interiors)
• Internal or external graphics engine (OpenGL, DirectX)
• Scripting language (Python, TorqueScript, UnrealScript)



The Right Tool for the Job

• Evaluation Criteria
• Cost
• Learning curve
• Extensibility
• Stability
• Maturity of codebase
• Support 
• Code bloat
• Pipeline

Sure, it looks good, but…



The Right Tool for the Job

• Engines
• 3D GameStudio by Conitec
• Blitz3D by Blitz Research
• OGRE 3D by Torus Knot Software
• X3D/ECMAScript by Web3D Consortium
• Torque Game Engine by GarageGames
• Unreal by Epic Games

Sure, it looks good, but…



The Right Tool for the Job

Cost: $99-$899 (Depending on license)
Royalties: None

• Included Level/Model Editor
• Scripting language: Lite-C
• Save/load system
• 3D sound
• BSP & LOD
• Animation: Bone & Vertex + blending
• Maps: Bump, environment, light
• Skybox
• Weather generator
• Built-in physics engine
• Path following
• GUI canvas
• Particle system and effects library (lens flare, bullet time)
• Game “templates”
• Built-in networking
• Import from: Worldcraft, Milkshape, Gamespace, Maya, 3DS Max

3D GameStudio
http://www.3dgamestudio.com/



The Right Tool for the Job

Cost: $80-$100 (Depending on package)
- free to try

Royalties: None

• 3D language, not necessarily a full engine 
• Scripting language: BlitzBasic
• Free online documentation, samples
• Plug-ins for physics, environment
• Separate GUI package ($30)
• Not particularly well-suited for large projects
• Import from: Truespace, Lightwave3D, 

3DS Max, Milkshape3D

Blitz3D
http://www.blitzbasic.com/



The Right Tool for the Job

Cost: Free (under LGPL)!
Royalties: None

• Scripting language: Python
• Full access to source (C++)
• Shader support (cel)
• Animation: bone & vertex
• BSP/LOD
• Reflections/refractions
• Particles
• Maps: normal, bump
• Realtime soft shadows
• Import from: 3DS Max, Maya, Blender,

Cinema 4D, XSI, Sketchup, Truespace
• Realtime texture projection
• Multipass rendering support

• heat vision motion blur, “Old TV”, 
HDRI, bloom, invert, black and white

OGRE 3D
http://www.ogre3d.org/



The Right Tool for the Job

Cost: Free!
Royalties: None

• Scripting language: ECMAScript
• Like Blitz3D, more of a 3D language, 

not a full engine
• Node-based
• Must be run through X3D browser or plugin

• easily deployed via www
• Lightweight (good for networking)
• Large development community
• 3D Sound
• Native export from many packages, plugins

for others

X3D/ECMAScript
http://www.web3d.org/x3d



The Right Tool for the Job

Cost: $150-$749
Royalties: None

• Scripting language: TorqueScript
• Full access to source (C++)
• Quickly maturing

• Xbox and Wii Development
• Large community
• “Starter Kits” for FPS, MMO, Racing
• Integrated Editors
• Mature pipeline (Constructor, Showtool)
• Import from Maya, Max, SoftImage, Blender

Lightwave, Milkshape, Gamespace
• Large number of plugins
• Skybox and weather system
• Advanced shader support
• BSP/LOD
• Dynamic lighting
• Animation: Bone (+ blending)

Torque
http://www.garagegames.com/



The Right Tool for the Job

Cost: $350,000!!!
- free for education

Royalties: 3% on all revenue

• Battle-tested in PC/Console industry
• BSP/LOD
• Import from: 3DS Max, Maya, SoftImage
• Animation: Bone & vertex + blending
• High-resolution texture support 
• Skybox
• Particle/fluid simulation
• World editor: UnrealEd
• Karma physics engine (ragdoll, collisions)
• Network support (64 players) + caching
• Portable to Xbox, PS2 
• Complete access to source
• 3D Sound
• Dynamic lighting
• VOIP, text-to-speech, speech recognition

Unreal Engine 2
http://www.unrealtechnology.com/


