The Trip TechnicalDesign Document

4
Technical Design Document

This document specifies guidelines and technologysed throughout development Most of
the contents of this document was written during Winter 2009 as guidelines for the
developmentduring Spring 2010. This excludes the class diagrams which depict the

current state of the game code at the end of Spring 2010.
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4.1 High Level Architecture
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Figure 7: Darkness Engine and The Trip high level architecture
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The game is separd into two distinct entities:

1 DarknessEngine: The Game Engine that handles game agnostic detaslsch as
rendering, input, physicsand content loading.
1 The Trip: This handles game specific details like thgame objects and menu

screens

Each subsystem within the two entities interacts with one another through the ammon
EngineManager Interface. The EngineManager provides access to each of the subsystems

present in the Darknes&ngine.

Systems like nput and content manager use the capabilities already present in XNA and are

just wrappers for providing extra functionality.

The four other systems that interact with both the game and the engine are:

1 DarknessModelProcessor : This is a custom model processor thaextends the
existing model processor present in XNA. It is responsible for assigning effect files
for the models, importing animations and setting material properties for each model
imported.
1 DarknessSkinnedModelAnimation:  Responsible for creating animatn data
Ei Bl OOAA £OT I OEA 11 AAI 8 ) O OOAO OEA $AOE
animation information.
1 LevelData: Is responsible for creating an XML file that holds information about each
level.

91 LevelEditor : This is a separate project that is uskfor creating levels in the game.
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4.2 Development Technology

This section describes the requirements for implementing, building and testing the game.
The lab setup in the Game Lab at Rochester Institute of Technology fulfills these
requirements. Any additiond development tools required are available at the MSDN

Academic Alliance Software Center - http://msdn01l.e -

academy.com/elms/Storefront/Home.aspx?campus=rit_it

4.2.1 Platform

The Tiip is developed for the Xbox 360 (http://www.xbox.com/en -US/) with an aim to

eventually release the game on the Xbox Live Indie Games Market

(http://www.xbox.com/en -US/games/community/default.ntm). However, the game

currently runs best on the PC. Performance optimizations are needed to run the game

smoothly on the Xbox 360. More details on this are available in the Post Mortem section.

The Gane Design andDevelopmentLaboratory at Rochester Institute of Technology has an
Xbox 30 at each station which will be used for code deployment. An XNA Creator's Club

membership (http://creators.xna.c om/en-US/membership) is needed for this. A student

license for the Creator's Club membership can be obtained from the MSDN Academic

Alliance Software Center as mentioned above.

4.2.2 Language and Software
1 Language: C# (Visual C#)

1 Development Framework: XNA Gae Studio 3.1 [ttp://creators.xna.com/en -
us/XNAGS3.1readmp
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XNA Game Studio is a framework developed by Microsoft with a focus on game
development. The framework includes several builin libraries and tools that free game
developers from writing "repetitive" code, i.e., code that is required in every game
application that has to be included in many places. It is based on the .NET Compact
Framework for Windows. The tools provided by the XNA framewt include a Cross
platform Audio Creation Tool (XACT), a Content Pipeline (with ability to create custom

pipelines) and Input Management.

4.2.3 Tools

The following tools will be used for developing the game:

9 Visual Studio 2008, Team EditionHttp://msdn.microsoft.com/en -

us/vstudio/default.aspx) - IDE. The team edition contains features like a Profiler for

analyzing performance, the ability to create test cases, and the ability to calculate
Code Metrics.

1 Adobe Photoshop
(http://tryit.adobe.com/us/cs4/photoshopcsd/p/?sdid=ETRVF& ): Textures, D

Assets. Various post processing filters can also be created with these applications,
e.g., applying a different tint to the screen when in 'madness world' versus the real
world. The .png and .bomp file formats will be used for textures

1 Autodesk Maya
(http://usa.autodesk.com/adsk/serviet/pc/index?sitelD=123112&id=13577897 ),

Blender (http://www.blender.org/ ) : 3D Modeling and Animaion. This tool will be

used to export models in the .FBX file format. Afbx file can be imported directly
using XNA's Content Pipeline and rendered instantly.

1 Windows 7, Vista and XPHttp://www.microsoft.co m/windows/ ): Operating

system for development. However, the game will be built for th&box360 and must

work on that console.
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1 MediaWiki (http://www.mediawiki.org/wiki/MediaWiki ), Microsoft Office

(http://office.microsoft.com/en -us/default.aspx): Documentation.

9 Subversion (ttp://subversion.tigris.org/ ): Versioncontrol.

4.2.4 Production Environment

The cameis developed on PC's with Windows (7, Vista or XP) containingraphics @ards
with Shader Model 3.0 capability. There will be access ¥box F0's in the Game Lab at

Rochester Institute of Technology for testing and deploying the game on Xivox platfor m.

The code base and assetre maintained in a repository which each team member has

access toSubversionis used for version control.

XNA Game Studio 3.1 uses the Visual Studio 2008 IDE and habuiit functionality for
creating and deploying the projet on an Xbox 30. The two main subsystems

(DarknessEngine and TheTrip) are separg entities, i.e., the Darknedsngine is library and

TheTrip is the executable. Two builds are maintained, i.e., the game has separate Windows

and Xbox360 projects. The sameode based is used for both builds. To maintain cross
compatibility, pre-processer directives are used, e.g., théf XBOXdirective. This can be

used for creating different back buffer resolutions. A sample is shown below.

| |
| #if XBOX :
1 const int scree nWidth = 1280; 1
! const int screenHeight = 720; !
' #else !
| const int screenWidth = 853; |
| const int screenHeight = 480; I
1 #endif 1
1 1
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4.3 Conventions

This section describes the @nventions that are followed consistently in the source code
and directory structure of the game. A convention makes sure the team follows a consistent
process which facilitates improved readability of code, reduces maintenance, helps other
programmers, other than the author maintain and modify the code and avoid errors or

misunderstandings.

Since our intent is to target this game for the Xbox Live Indie Platform there a few
conventions that must be followed to make sure the game is passed during the peer review

process. However, this is not a priority for the final capstone subnssion.

XNA Indie Section has an article on the Best Practices for Indie Games 3.1

(http://creators.xna.com/en -US/education/bestpractices31). It mentions  various

standards that must be éllowed during implementation and what the expectation of a
customer is. Screen resolutiontrial modes, a friendly menu systeminput issues andsound

management are a few topics mentioned.

The XNA forums contain topics that cover various guidelines to béollowed when
developing games targeted at the Indie Platform.

1 The Evil checkilist:
(http://forums.xna.com/forums/p/19525/101798.aspx#101798 ): Guidelines to be

followed to avoid pee review failure.

1 The Not Sa=vil checklist (http://forums.xna.com/forums/t/30487.aspx ) : Other

guidelines to follow, but they may not lead to peer review failure
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1 Legal Advice fttp://forums.xna.com/forums/t/17830.aspx _): Any potential legal

hurdles that the game may face.
4.3.1 Coding Sandards

The coding standards followed are similar to general standards used when programming in

C# and otherobject-oriented languages.

Having such standards create a uniform code environment that is instantly recognizable by
all team members. A consistent structure makes it easier to understand and navigate the
code base. To facilitate this consistengyhe following conventions have been proposed. A
sample C# class is also includeblelow. This sample is available in the repository so that it

may be used as a tempte whenever a new class is created.

4.3.2 Naming Conventions

The terms Pascal Casing and Camel Casing are used in this section.

1 Pascal Casing First character of all words are uppercase and other characters are
lower case, e.g., GameEngine
1 Camel Casing First character of all words, except the first word are uppecase and

other characters are lower case, e.g., gameEngine.

The following are a list of coding standards and naming conventions:

Class names use Pascal Casing.
Method names use Pascal Casing.
Prefigd O) 6 xEOE #Al Al #AOET ¢ OOAA £ O ET OAOZA

Camel casing for variables and method parameters.

= =2 =/ =4 -

Define 'const’ variables in all caps with words separated by ' '
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1 Do not use single character variable names like i, n, s etc; except when using
counters.

Do notuse variable names that resemble keywords.

OOAEE®@ AT 11 AAT OAOEAAI AOGh DPOTI PAOOEAOG AT A i

Function names should follow a verbobject pair, e.g, PlayGame().

= =2 =2 =2

Methods with return values should have a name describing the valueturned, e.g,
GetCameraView().

1 File name should match with class hamaunless classes in the file are closely related.
4.3.3 Documentation

The code will use C#'s standard XML style for documentation. The guidelines are:

1 Classes, functions, enums, membewariables and class headers should be
documented using XML comments.

1 Classes should include a description of what it does and its potential use and
interaction in the game.

1 Function comments should include a description of the function andny ambiguous
parameters or return types.

1 Comments within a function body must use the traditional '//' style documentation.
A comment must be followed by the block of code being explained. These blocks of

code must be separated by a blank line.

For XML style documentation in C#  seéttp://msdn.microsoft.com/en -

us/library/b2s063f7%28VS.71%29.aspx

4.3.4 Coding Style

The following are the style conventions to be followed when writing codelThese are set to

improve the readability of the source code.
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The file name will be the same as the class name, using Pascal Case
Indentation: Use tab for indentation

Comments should be in the same level as the code.

Curly braces should be in the same levek the code outside the braces.

Use a blank line for separation of logical code groups

= =2 =2 =4 A -2

The curly braces should be on a separate line and NOT the same line as the invoking

keyword (e.qg., if, switch, etc.)

=

Use a single space after each operator in brackets
Use theregion keyword to group pieces of code together.
Avoid having a function that takes more than 4~5 parameters, use a structure

instead.

A sample C# class file with arrangement of variables, constructors, functions and

documentation style is shown bé&w:

I 1
: #region File Description :
/) 1
1 /I TheTrip.cs 1
! /I Authors: person who wrote this. !
: I/ Copyright (C) Team Name. All Rights Reserved. :
I
1 1
| #endregion |
1 #region Using Statements 1
1 using System; 1
! using System.Collections.Generic; !
| using System.Lin; |
,  using Microsoft.Xna.Framework; .
1 using Microsoft.Xn a.Framework.Audio; 1
1 using Microsoft.Xna.Framework.Content; 1
! using Microsoft.Xna.Framework.GamerServices; !
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

using Microsoft.Xna.Framework.Graphics;
using Microsoft.Xna.Framework.Input;
using Microsoft.Xna.Framework.Media;
using Microsoft.Xna.Framework.Net;
using Microsoft.Xna.Framework.Storage;
#endregion
namespace Example
{
/Il <summary>
/Il Put in class Description here
Il </[summary>
public class Example : Microsoft.Xna.Framework.Game
{
#region Constant Variables
const int THISISCONST = 1;
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#endregion
#region Variables
float exampleVariable;

#endregion
#region Accesors
public float ExampleVariable
{
set
{ .
exampleVariable = value;
}
get
{ .
return exampleVariable;
}
}
#endregion

#region Constructors

/Il <summary>

/Il Describe Constructor here
/Il </lsummary>

public Example()

{

exampleVariable = 0.0f;
}
/Il <summary>
/Il Describe Constructor here
/Il </[summary>
/Il <param name="value"> Describe parameter here </param>
public Example(float value)

exampleVariable = 0.0f;
}
#endr egion
#region Private Functions
/Il <summary>
/Il Describe Function here
/Il </lsummary>
/Il <param name="value"> Describe parameter here </param>
private void TripIn(int value)
{
}
#endregion
#region Public Functions
/Il <summary>
/Il Describe Function here
/Il </lsummary>
/Il <param name="value2"> Describe parameter here </param>
Il <returns> describe return value here</returns>
public float TripOut(int value2)
{

}

#endregion

return 0.0f;
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Each class created will follow the code arrangement shown above, i.e., Variable Betlon,

Accessors, Constructors, Private Functions and Public Functions.

In certain circumstances, more than one class may be present in the same file. This is done
in case the classes are closely related to each other and are smaller in size. For examp
the flare gun is aFlareGunobject shoots a Flare that emits FlarePaicles. In this case the

FlareGun, Flare and Particle class for the flare are all classes kept in one file.

4.3.5 Directory Structure

The directory structure of the game reflects thestructure of the High Level Architecture

explained above Figure 8 describes the directory structure used.

Description of some directories is a follow:

1 Documents Contains the documents like the design doc, Box art text and any legal
documents

1 TheTrip: This directory contains thecodebase and game assets. It contains separate
directories for the Engine codebaseand TheTrip codebase. They each have
individual sub directories for the various subsystems described in thehigh level
architecture.

1 Content This contains all the game related assets and effect files. There are separate
asset directories for Models, Tetures, Audioand Level Data.

1 Sound: Contains the audio files compiled using XACT.
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TheTrip
(Main Directory)
TheTrip
(CodeBase)
Engine
SatelliteView
Particles HUD Game
Documents
Game Objects ‘ Utilities ‘ Player
nput
TSatelliteView
Hud
Camera Lighting
Sounds
Health
LevelEditor
Content
DarknessModelProcessor
‘ LevelsData Fonts Audio
DarknessSkinnedModelAnimation

Figure 8: Each directory is represented by a square. A sub -directory is represented by another square
within the direct ory's square representation.

4.3.6 File Naming

Each file created follows a naming convention. Similar to coding conventions, this keeps

consistency and simplifies the directory structure.

C# Files: Will follow the following name convention- ClassName.cs (Pascélase)

Asset Files: Each asset must be place in their appropriate folder defined in the directory

structure section above.

Textures: All texture names have the following structure:texName.png, where Name is the
name of the texture. The name of the texturenust signify what it looks like and (f

possible) on what model it is used.
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Models: The 3D model files will be exported asfbx file format. The file name has the
following structure: modNamefbx, where Name is the name of the model. The name must

signify its relevance to the game.

4.4 Darkness Engine

The Darkness engine consists of the core components that handle game agnostic details.
The engine is a separate project that gets compileasa DLL (dynamic linking library) prior

to its use in the game. TheTrimpame project uses the Darknessigine DLL to access and
use the engine components. It is broken down into several systenssich assound, input

and resource management using the built in functionality that is provided by XNA.

The following are the subsysters that constitute the engine. UML diagrams of important
subsystems highlighttheir architecture. Any special functions are also explainedAs a
convention, the classes described will always start with an uppercase letteg,g, Screen
meansthe Screen class whilescreen meansamenu screen Bold case is used to focus on a
specific class.The names of variables and classes are closely related to their purpose in the

game.

4.4.1 Sound System

Microsoft's Crossplatform Audio Greation Tool, XACT is used to manage the game's sound
effects and music. XNA's Audio API provides us with all the functionality needed to
interface with XACT. This includes loading and managing audio assetBunctionality such

as playing, pausing, stopping audiand adjusing volume is also present Our engine
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provides an interface over top of XNA's API to wrap all the audio functionality into a

common manager.

XACT provides an authoring tool that is used to organize assets into wave banks and sound

banks.

Wave banks are sigle files that contain multiple .wav files. Wave banks are either in
memory (stored in memoty) or streamed (play back from storage device). kmemory
wave banks are generally used for in game sound effects while streamed wave banks are

used for longer sound tracks like background music.

Sound banks are single files that contain instructions for playing the WAV file, i.e., it
contains a collection of sounds and cues. Waves here are assembled into a timeline by the

content creator.

The AudioManager is responsible for handling all in game music, sound effects and

dialogue.
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4.4.1.1 Audio Manager

| AudioManager

Class

=l Fields

;4"
LJI’
o
o

audicEngine
content
effects

instances

! Properties

=l Methods

LG o G S o GO G G o GO o I COE O SN o Sl Sl O 4

AudicManager
getState
getVolume

init

loadEffect
lcadlnstance
LoadXACTPath
pauseill
pauselnstance
playEffect
playInstance
resumeill
resumelnstance
setVolume
stopall
stoplnstance
unload
unloadEffect
unlocadlnstance
Jpdate

The Audio Manager is responsible for playing the game's sound effects and music.

The AudioManager has the capability to manipulate music, sounds and volume. ig also

responsible for instantiating XNA's AudioEngine Class.

Once this is instantiated, the

engine can be used to initialize thevave and sound banks. Thé&udioManagerhas its own

content system to manage resources which must be unloaded and loaded as riggd.
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4.4.2 Input System

XNA provides support for acquiring input states from the keyboard, mouse, and gamepad.
The GamePad Class can be polled for states using th&amePadStateStructure. The

PlayerindexEnumerator is used an argument to poll each connected controller.

For internal purposes, lkeyboard input will also be implemented.

4.4.2.1 Input Handler

( InputHandler 2) |
Class

Properties
gamePadState
gamePadStatel ...
keyboardState
keyboardStateP ...
mousestate

maousestatePre...

playerdndex
= Methods

% InputHandler
¥ Update

The InputHandler handles the Gamepad and keyboard state from a specific device. The
Update() function is usel to retrieve the gamepad state for each device based on the

Playerindex (the numberindex shown on he Gamepad).
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4.4.2.2 Input Manager

i ==
InputManager ES
5ealed Class

= Fields

#* players

2* playerVibeTimers
= Methods

W getDPadValues

W getGamePadSt...

2" getlndex
getMouseState
getMousestate...
getThumbStick...
getTriggerValues
InputhManager
isButtonDown
isButtonPresse..
isButtonlp
isConnected
isKeyDown
isKeyPressed
iskeyllp
SetVibration
StopAllVibrations

Update
. w

¢4 OO OO OO OO OO OA

The InputManager is used to manage the foutnputHandlers which are instantiated for
each gamepad. The InputManager queriefor the current state of a particular button,
trigger, thumb stick or bumper on for each InputHandler. The InputManager also controls
the vibration state of a controller for force feedback.

f IsButtonPressed(): o6dzid2y A& O2y aARSNEdes iomldadte SR €
up.
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4.4.3 HUD System

The HUDManager maintains all HUD elements in the game. It is in charge of rendering all

active HUD elements (using XNA's

RenderSystem's Draw() function is executed. In thegame, it is called afteRenderSystem
Draw() function in the the GameplayScreen.

HudElements are only drawn ingame and on top of all the objects drawn by the

RenderSystem.

4.4.3.1 HUDManager

SpriteBatch).

' HUDManager 2 |

Class

= Fields

o4
o4
S

hudElements
insceneHudEle..,
spriteBatch

= Methods

¢4 OO OC OO OO OO0 OA

AddElement
AddIn5ceneEle..,
Draw
GetdllElements
GetAlllnScenekl...
GetElement
GetlnScenetle...
HUDManager
RemovedllElem ...
Removellllnse...
RemowveElement
RemovelnScen ...
UpdateElement
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4.4.3.2 HUDElement

| HUDElement

Class

= Fields

color
depth
destRect

id
incrementer
positicn
rotation
zcale
sourceRect
spriteBatch
texture

* Properties

= Methods

< & O A

Draw
HUDElement [+ 1 averload)
LoadTexture

Update

})_

This is the base class which contains the common properties of a HUD element.

specific HUDElement's must derive from this class, e.g, the player's health indicator

overrides this class'sUpdate() function to display the player's current health.

4.4.4 Screen System

The screen gstem handles the navigation between different game screens as well as the

drawing and updating of active screens. The screen system allows for multiple screens to

be active at the same time by providing an overlay functionality.

Screasis analogous to theScreensdescribed in theGame Design Document
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Each screen may have a list dieims which behave as menu options that trigger events.

4.4.4.1 ScreenManager

| ScreenManager A
Class
=+ DrawableGameComp...

= Fields

gameCher
menuscundBank
menuWaveBank
padlock

paused

SCreens
screensTolpdate
spriteBatch

O O T T e O

themebusic
& Properties
= Methods

AddScreen
Dispose

w"‘ <

Draw

GetScreens
InithudicBanks
Initialize
LoadCeontent
PlayThemehusic

o & O 4

b
<

RemoveScreen

Screenbanager

<« O O 4

StopThemeMusic
UnleadCentent
Update

F

The ScreenManager extends XNA's DrawableGameComponent and manages the updating
and drawing of all screens in its list. Any Screen added to the ScreenManager is updated

and drawn in the ScreenManager'®raw() and Update() functions, respectively.
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4.4.4.2 Screen

The Screen class is the base class that the game extends to provide Screen specific

Screen

Class

>

= Fields

K O St O i SR Gl T S O S O

gDevice
inputhlanager
isCovered
isExiting
isCherlay
lostFocus
screenhanager
spriteBatch
state
transiticnlnTime
transitionCutTi ...

transitionPositi...

& Properties

= Methods

< & O 4

Dizpose
Draw
ExitScreen
Handlelnput
HandleWindow... - SareenState
HandleXboxlnp... Enum
LoadContent
Screen
UnloadContent
Update
UpdateTransiticn

g
e

Transiticnln
Active
TransiticnCut
Hidden

¥

functionality. When added to the ScreenManager, itdpdate() and Draw() functions are

called automatically. Each Screen handles its own input which may be used for different

input behavior based on the Screen, e.g., the input in the GameplayScreen handles player
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input, while the input in the MainMenuScreen handles menu navigation. Ti&creenState

enumerator is used to determine which screen should be drawn and the draw order.

4.4.5 SceneSystem

The Scene System manages #ile in-game objects that need to be rendered. These objects
include static environment objects, game characters, peripherals, etc. The goal of the scene

system is to organize these objects for speeding up the renderipgocess.

4.45.1 SceneGraph

The SceneGraph implements a spatial partitioning system, in particular a quad tree. The

game is made up of two objddypes: static objects and dynami®bijects.

While a quad tree can be implemented to handle dynamic objects, this isuadly not
appropriate as the restructuring of thetree can be time consuming when mangbjects are
moving around. With this in mind, the scene graph manages two structures, a quad tree for
static objects and an array for the dynamic objects. This choice wanade so that we can
gain the performance benefit of a quad tree but not incur the penalty of maintaining

dynamic objects within the quad tree.

Each node within the quad tree is implemented as &ceneNode
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})_

( SceneGraph
Class

= Fields

@ dynamicObjects

@* instance

g padlock

@¢ staticObjects

o visibleObjects
= Metheds
AddSceneChbject
AddVisibleObject
ClearSceneGraph
GetVisibleObjects
PopulateSceneGraph

LA S S A

Scenelraph

The most important function here GetVisibleObjets(). This takes in the current camera's
frustum and creates a list of visible objects by culling the objects outside the frustunit
receives the ameras frustum from either the CameraManager or the active Satellites in
the SatelliteManager . This visibleObjectlist is used by the RenderSystem to render only

the required objects.

4.45.2 SceneNode

The SceneNode is used as a node in the quad tree. Each scene node has list of child
SceneNodesif it is not a leaf node and a list of scene objects if it is a leafd® It is just used
as a structure for building the Scene Graph and does not contain any information regarding

the objects to be rendered (which isvandled by theSceneObjectlasy
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4.4.5.3 SceneObject

fa —
SceneMNode ~

Class

= Fields
ch

%% % %W %%

=3

ildModes

ehd

maxChjects
nodeBounding...
scenelbjects

Properties

= Methods

< & A

Sc

DistributeCbjects
GetVisible

enehlode

a¥ Splithlode

The SceneObjectis the base classrom which all defines all the kinds objects that may be

present within the game.The SceneGraphmaintains the list of SceneObjects

| SceneObject

Abstract Class

= Fields

e

boundingBox
dirtyFlag

id

incrementer
isActive
scenelbjectType

Properties

= pMethods

W

InitChkject

W Resetlncrement...
% Scenelbject

B3

SceneObjectType
Enum

Static

Cynamic




The Trip Technical Design Document

The dirtyFlag bit is used to decide whether the object needs to be updated or not. This will
save computation time as objects that have not moved will not be updated in the scene

graph. The SceneObjectType enumerator defines whether an object is staticdgnamic.

Each object in the game has a unique identifieid (a static variable), which is incremented
each time a SceneObject is instantiated. This identifier is incremented in th&itObject()
function. Once a new level is loaded in the game, the idéi&r is reset to O in order to load

in a new batch of SceneObjects.

A SceneObject class also hasaundingBoxwhich is used for camera frustum culling in the

SceneGraph.

4.45.4 QuadTree

})-_

( QuadTree
Class
=+ SceneMode

= Methods
AddSceneChbject
CreateBounds

DistributeQbjects
GetVisible

QuadTree

<« & O 4 A

Extends the SceneNode and maintains the hierarchy of objects within teeene.
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4.4.6 Terrain System

The Terrain system is responsible for handling the loading of each level's terrain and
updating and drawing it based on visible portions. The terrain is created using a
heightmap. A heightmap is a grayscaled image where eaclixgl corresponds to the
elevation value (y coordinate) of the terrain. The image data (RGB values at each pixel) is
obtained from the heightmap and stored as an array. The dimensions of the heightmae
equal to the dimensions (the size) of the terrain. Each element in the array is the height (y
coordinate) of correspondingvertex in the terrain. Sample of heightmaps are present in

the Levels(page62) section of theGame Design Document

4.4.6.1 TerrainScene Manager

The TerrainSceneManager is responsible for loadng and rendering the terrain for each
level. It breaks up a terrain into four nodes, i.e., the vertex grid generated from the
heightmap is partitioned into four equal zones calledrerrainNodes . Each node is drawn

only if it lies within the camera's frusum.
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>

' TerrainScene Manager
Class

= Fields
4% bbR
o declaration
o effect
= graphicsDevice
o |caded
@ nodes
@ root
¥ settings
5 TERRAIN_EFFECT PATH
@ terrainContent

tl Properties

=l Methods

GetHeight

Lead

Render

RenderDebug
RenderShadowMap
TerrainSceneManager
Unlead

Update

LAl S S A A

The GetHeight()function is used by game objects to get the current height in the terrain
based on the objects position. The TerrainSceneManager also has its own content manger

which must be loaded and unloaded for each level.

A terrain is drawn using the concept of a blendmap. A total of five textures are tiled on to a

m)
M
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RGBA channels are used to mark regions of the terrain where we want a particulaxture
to show. Samples of a bhdmap are present in the Leva section of the Game Design

Document.
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4.4.6.2 TerrainNode

| TerrainMode 2] |
Class

* Fields

= Properties
BoundingBox
Children
IndexBuffer
Prirmitive Count
WertexBuffer
WertexCount

= pdethods

W TerrainMaode

This sets up the VertexBuffer and IndexBuffer for the terrain by reading in values from the
Heightmap's imageData array. It also mathematcally generates normals if a normal map

is not provided.

Currently, a terrain for each level is split up into four TerrainNodes, as explained in the

previous section.
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4.4.6.3 TerrainSettings

| TerrainSettings ) |
Class

= Fields

blendtdap
blendtdapPath
depth

detail
detailPath
height
heightrnap
heighthdapPath
layerd
layerlPath
layerl
layerlPath
layerd
[ayerdPath
layerd
layeriPath
[ayerd
layerdPath
norrmalbdapPath

b

scale
size
xoff
woff

b U T R . . . T . T S T Y . T . T T T T . T %

This is a helper class used to store details for a particular terrajnncluding the heightmap,
normalmap, texture layers, the blendmap, scale, size and the number of TerrainNodes that

must be created.
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4.4.6.4 HeightMap

})_

| Heightmap
Class

= Fields

W data
hasMaormals
heightData
image
nData

L]

b T U U T

#* normallmage
=l Properties

' HasMNarmals
= Methods

% GetHeightData
GetMarmal
GetPixel
Heightrmap

<« & O A

LoadMaormaltdap

This class is used for getting heightmap and normalmap data from images. The heightmap
data is stored in a me dimensional array peightData). XNA's content manager is used to

load the heightmap.

4.4.7 Light System

The Light system is responsible for handling and defining all the lights in the game. It also

tracks of the status of the lights in the scene.
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4.4.7.1 LightManager

})_

| LightManager
Class

* Fields

= Properties
i*‘? AmbientColor

=) DirectionallightCount
DirectionallightEffect
PaintLightCount
PaintLightEffect
SpotlightCount
SpotlightEffect
ethods

AddDirectionallight
AddPointLight
Sddspotlight
SddToTotallights
ClearLighthanager

=

Drawe

DrawDeferred
GetDirectionallightit
GetDirectionallightList
GetPointlightdt
GetPointlightList
GetipotLightht
GetSpotlightlist
Lightklanager
RermowvedlLights
SetLightsInScene

LK S Sl S K B R UK S I Sl SRR S S S

The LightManager maintains a list of all the types dfights in the game. It determines the
state of eachLight and its type. It communicates with SceneGraph, getting information on

the Lights which affect the current scene.
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The Deferredshading system, implemented as a part of a research topic explained later,
uses the DrawDeferred() function to render each light type (SpotLight, PointLight,

DirectionalLight).

4.4.7.2 Light

}}I

" Light
Abstract Class
=+ Renderable

* Fields

= Properties
B CastsShadows
% Color
P IsActive
P LlnScene
= Lighthdesh
' LightMeshEffect
' MeshColor

= hethods

¥

LightType
" Draw Enum

W DrawDeferred (+ 1 overload)

47 Init DIRECTIOMAL
W Light {+ 1 overload) POIMNT

% Update SPOT

This is a base class that defines the common properties of a lighitextends the Renderable
Class (liscussed later in theRendering System). Any change to d.ight's property also

updates the corresponding parametein the effect file.

There are three Light types, explained below. Each LightType is also represented by
geometry. In debug mode, this geometry is drawable to display the lights ‘'influence

volume'.

[122]



The Trip Technical Design Document

The IsInSceneoroperty is determined by the SceneGraph It determines whether theLight

is present in the scene or not and renders it based on in this property.

4.4.7.3 PointLight

A point light only has a position and it emanates light equally in all directions.

¥

' PointLight
Class
=+ Light

* Fields

=l Propetties
P InnerRadius
P LightDetectionSphere
' OuterRadius
1 Positian
= Pethods
% Draw
% DrawDeferred
2% Init
% PuointLight
% Update
7" UpdateBoundingBox
W UpdatelightDetectionSphere

The PointLight class defines a light that illuminate in all directions. It has arinnerRadius
and OuterRadiusproperty in order to create a light with a brighter inner radius and an
outer radius that fades out gradually. This is a gameplay decision, so that the players can

easily differentiate betweenttA O OAEAS6 AT A OAAT CAO8 OACEI T 08
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The LightDetectionSpheres a BoundingSphere structure which is the same size as the

Il ECEOGO EITAO
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is in an area where the 'Terrors' can't ater.

4.4.7.4 SpotLight

| SpotLight

Class

—+ Light

* Fields

=l Properties

i
=

-y

DetectionFrust..,
Direction

Innertngle

LightWiewPraje ...

Outertngle
Pasition
ProjectiontAatrix
Range

Wiewit atriz

= Methods

€ €O e <

Dy
DrawDeferred
Init
Spotlight
Update

UpdatelnnerFru ...
Up dateufarldhd ...

})_
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The SpotLight class defines a light with a position and a direction. It emulates a light

constrained within a conical boundary. Again thénnerAngle and OuterAngleproperty is

used to delineate safe and danger areas. BoundingFrustumstructure, DetectionFrustum
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which is the same size as the inner angle, is used in gameplay to test for safe regions, i.e.,

whether the player is in a, area where the 'Terrors' can't enter.

4.4.7.5 DirectionalLight

| DirectionalLight 2 |
Class
=+ Light

* Fields

=l Properties
i‘*‘l} Direction
= hethiods

% Directionallight
W Draw

W DrawDeferred (..
a7 Init

% Update

The DirectionalLight class defines a light with only a specified direction. It emanates
parallel light rays in the direction specified. This light can be used to emulate natural lights

like rays from the sun.
4EEO xi 160 AA OOAA 1T £OAT ET OEt beQ@ark Alt iOQET AA
however, a useful tool for illuminating the entire environment and scanning the map for

debugging purposes. In addition, it has been used in the game to illuminate the world in a

very faint blue color, simulating moonlight.
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4.4.8 Renderin g System

>

' RenderSystem
Class

t Fields

= Propetties
iﬁ:' DefaultEffect
' DoPostProcess
' GraphicsDew
' Instance
riy RenderDictionary
=y FenderGraph

= Methods

AddToRenderDictionary
ClearRenderSystem
CreateRenderList
CreateRenderlistForsatellites
D ray

12

' N S N N N N N Ny N N N N N o W N W W

DrawFinalscenebeferred
DrawFinalsceneDeferredEdge
DrawGBuffer
DrawHudCamera
DrawsLights
DraweLightsDebug
DrawOhjectsSatellite
Drawesatellites
DraweSatellitesDeferred
DrawshaddingbdapwithGhuffer
InitializeRenderSystern
PostDraw

FenderSystern
ResolveRenderTargets
SetDeferredRenderTargets

This system is responsible for drawing objects on screen. The rendering is batched to

differentiate between the main game elements, HUD elements and any other post
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processing effects. It contains instances of thedUDManager and RenderGraph to perform

this batched process.

The RenderDictionaryis a Dictionary (C# library class) container that has a list of all the
objects in the level keyed by their identifier (the staticid variable stored in the

SceneObject).

Since deferred shading is implement®, the rendering is done in several passes. More
details about the implementation are available in the Research Topie Anti-Aliasing

solutions for Deferred Shading.

The RenderSystem also has the ability to render from different Camerad O 1 1 AE A&FAO
areas of the screen. This is done by assigningRenderTarget object to eachSatellite,

(discussedbelow), which contains aCamera object.
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4.4.8.1 Render Graph

| RenderGraph

Class

= Fields

,_.,f

L]

12

12
b U U

L]

lightList

[kanager

scenelGraph
solidGearmetrySatDictionary
wvisibleOhjectlist

= hethiods

W

<« & O OO 4

ClearRenderGraphForsatellite
DrawLightsDebug
CrawsolidGearnetryForsatellite
DravwsolidGeormetryForShadowbdap
RenderGraph
SetSceneGraphForsatellites
Setuplights

})_

The RenderGraph arranges and draws objects based on the information received from the

SceneGraph, i.e., the objects curretty visible. The objects aregpopulated in separate render

lists based on object type. The two object types used in the game are Lights and Solid

Geometry. TheSetSceneGraphForSatellitesfunction is responsible for retrieving the

visible objects and populating thelightList and sdidGeometryDictionary based on the

camera it lies in.
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4.4.8.2 Renderable

A Renderable defines any object in the game that needs to be drawn.

geometry or light.

RenderDictionarypresent in the RenderSystem.

Renderable
Abstract Class
=+ SceneObject

Fields

= Properties

F Position

' Render ype

' Rotation

B Scale

B WorldMatrix
=l Methods

¥ BuildWerldMatrix
W Draw [+ 1 overload)
% DrawDebug
% DrawShadowMap
% Postprocess
% Renderable
% UpdateBoundingBox

RenderType
Enum

sclidGeometry
light

It can either be a

The Renderable is also responsible for adding itself to the
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4.4.8.3 BaseMaterial

This class defines the standard material properties of an object. Thes®aterials can be

changed during runtimewhich automatically updates its value in the effect file.

}}I

| BaseMaterial
Class

t Fields

= Properties

Color

DiffuseTexture
DiffuseTextureParameter
Specularlntensity

SpecularPower

TextureUReps
B TextureVReps
= WorldParameter

= Methods

% BaseMaterial

% SetBasicProperties

W SetTexturedMaterial

W SetWorldViewProjectionPos

4.4.9 Camera System

The camera system is resposible for managing all the different cameras used in the game.

This allows for switching between the cameras as well as adding and removing cameras

from the system.
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4.4.9.1 CameraManager

The manager keeps track of the camera types being used in the applicationkdeps track
of the active camera which provides the Scene Manager with a ‘frustum’ to aid in updating

the scene graph.

This Manager is no longer used in the game since it has been replaced in the by the

Satellite System.

| CameraManager 2 |
Class

* Fields

Froperties
i‘*‘::.,' ActiveCamera
P CameraList
= Methods

W AddCamera
Carneraflanager
ClearCarmeralist
GethctiveCamera
RemowveCamera

<« & O 4 A

SethctiveCamera
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4.4.9.2 Camera

) ICarmera

| Camera
Class

* Fields

= Properties
SspectRatio
CarneraMarme

FarPlane
Field Ofyi ey
Frustum

Lsbctive

LookAt

MearPlane

Position
ProjectionkAatriz

Up

Wiewhdatrix

WiewP rojectionhdatriz
Woorldhdatriz

= Methods

%W Buildhllikatrices
Carmera (+ 2 owerloads)
ke oeln Cut
MoweleftRight

howveTo
RebuildProjectionbdatrix
Rebuildiewhdatrix
Rotate
SetlnitialPosLookUp
SetupMarmePoslookUp

ry Yy EEEE:

¥

IrverthiewProjectionbdatriz

¥

| ICamera
Interface

= Properties
_"‘*‘1:‘ Cameraniams
i‘*‘?" Frustum
s Pasitiar
ﬁ:' Prafectiaridatrix
i‘*‘f“ Wiewandatrix

The Camera class defines a basic camera and consists of all the important properties

needed. Changing any property automatically updates any other properties that may be

affected.
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4.4.10 Satellite System

The Satellite system is responsible for handling multiple views ahproviding their position
and size to theRenderSystem. This is done by maintaining a multiple Cameras and

RenderTargets.

4.4.10.1 WSatelliteManager

¥

. WSatelliteManager
Class

* Fields

= Propetties
_"‘*'F Instance
5 SatelliteCount
P Satellitelist
sy SatOwerlay

= hethods

W ActivateSatellite
ClearSatellitelist
DrawBlackBack
Initialize

Update

Wi Satellitebdanager

o € O 4

£

The WSatelliteManager is responsible for managing theupdate and placement of each

ASatellite on the screen.

The DrawBackBlack() function is responsible for clearing the background of each
ASatellite to black. This is done to clear the color for the render target the final scene is

drawn on.
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4.4.10.2 ASatellite

¥

~ ASatellite
Ahstract Class

+ Fields

= Properties
i*‘f' DestinationDimensions
sy DestinationRectangle
Ishctive
IsMain
RenderTarget
SatelliteCarnera
SatelliteMame
SourceDimensions
SourceRectangle
Tint
ethods

=

Asatellite
Deactivate
Initiaiize
Lipdats

Lol S S

The ASatellite class is an abstract class that defines the default behavior and properties of
a satellite. It consists of &€amera and RenderTarget to draw the scene viewed from a
camera to a ender target. The texture from the RenderTargeis retrieved which is finally
positioned on screen based on th®estinationDimensiorand SourceDimensionThe IsMain
property can be used to indicate that the satellite should always be drawn to the full size of
the screen, regardless of the source/destination sizes. Note that thisay obstruct the view

of other satellites because satellites are drawn back to front from lowest to highest indices

ET OEA T AT ACAOGO 1 EOOS
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Most of the functionality of a specific satellite is updated gameide by WSatellite so this
class actually does vey little beyond providing these properties to the rendering system

for drawing.

4.4.11 Collision System

The Collision system is responsible for handling collision detection between objects in the

scene. It supports collisions fobounding boxes,frustums, rays,and spheres.

4411.1 CollisionManager

})_

| CollisionManager
Class

= hethiods

% BoxBoxContain
BoxRaylntersect
BoxSphereContain
Collisionkdanager
PointOflntersect
SphereBoxContain
SphereRaylntersect

¢ oo 4 o o4

SphereSphereContain

The CollisionManager is a helper classcontains all the combinations of collisions needed
for the objects and gameplay. It is a class that can be used by any system to determine
collision data. XNA'sBoundingBox, BoundingS phere, and BoundingFrustum classes
provide functions that can be used for checking for collisionGontains() and Intersects().
Each object will be responsible for querying the @lisionManager to check for collisions

and will handle the response themselgs.
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4.4.12 Particle System

The particle system is responsible for providing a flexible framework in order to support

the various particle effects present in the game, e.g, muzzle flashes, fire, smoke, etc.

The game is responsible for creating various kinds gfarticle effects by extending the base

emitter and base patrticle.

The particle system framework is derived from the Particle 3D sample on the XNA Creators
Club website located here and was

modified only slightly to work in the engine framework

44.12.1 ParticleSystemManager

The particle system manager manages a list #farticleSystem s and is responsible for

activating, updating them and drawingthem.

[136]
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¥

| ParticleSystemManager
Class

= Fields
¢ chanager
#* instance
g padlock
47 particleSystems
= Propetties
' Instance
= Methods
W AddParticleSystermn
Drrave £+ 1 overload)
ParticleSystembdanager
RermowvedlParticle Spsterns
Unload
Update

& O O O 4

The Draw() function is called at the end of th& AT A A O3 Umdaw@ fudctidn. It takes
in a Camera as an argument to figure out whichVSatellite (i.e., the Camera in the

WSatellite ) the particle should be drawnfrom.
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4.412.2 ParticleSystem

})_

' ParticleSystem
Abstract Class

* Fields

= hethiods

47 AddMewParticlesToVertexBuffer
AddParticle

Drrawe

DrawDebug
FreeRetiredParticles
Initialize
Iritigiizesettings
LoadContent
LoadParticleEffect
ParticleSysterm
FetiredctiveParticles
SetCarmera
ZetParicleRenderstates
Update

CECCECOCELECCE ©OE O <€

The ParticleSystem is an abstract class that is used to update and draw a particular

particle effect. It needs to be extended by to create specific particle behaviors.

It provides the basic functionality to handle the adding and removing of particles from the
system. This requires a different approach because the particle systems are createdz&U

particle systems. All particles in the system are contained within an array of
ParticleVertex 6 O 8 PartiEldSystem will then draw only the ParticleVertex 8 O E

array which are active. This array is utilized as a rolling queue.

4.412.3 ParticleEmitter

The ParticleEmitter has aconnection to aParticleSystem for which it controls the actual

firing of particles. There can be several particle emitters emitting particles fronthe same

(138
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system. The particle emitter is used to emit particles over time at some set rate from a
given position. The position and speed of the particles can be passed through the update

method.

¥

| ParticleEmitter
Class

= Fields
o particleSystem
g7 previousPosition
¥ timeBetiveenParticles
#* tirmeleftOhwer
= hethods
2% FireBurst
ParticleErmitter
Feset

SetstartPosition
Update (+ 2 overloads)

o & O 4

44.12.4 ParticleVertex

The ParticleVertex is a structure that ddines the settings of the each Particle Billboard.

ParticleVertex £
Struct

= Fields

¢ Paosition

b

Fandaom
SizelnBytes
Tirne

Welocity
WertexElerments

\.\\IL
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Because the particle system is a GPU particle system, a custom vertex structure is required
to be able to send all the pertinent information to the shader. Th@articleVertex is the
structure that handles this. The vertex structure contains &osition, Velocity, Randonand
Timevalue. This allows the particle shader to calculate all the necessary attributes that are

needed when rendering the particle.
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44125 ParticleSettings

})_

| ParticleSettings
Class

= Fields

DestinationBlend

b

Curation
DurationRandommness
EmittertfelocitySensitivity
Endiielocity

Grawity

MaxCalar

kAaxEndZize
MaxHorizontalVelocity
MAaxParticles
MaxRotateSpeed
MaxStartSize
Maxdferticalelocity
tinCalar

binEndZize
MinHorizontalVelocity
MinFotateSpeed
kAinStarSize
MinWerticalvelocity
SourceBlend
TextureMame

LU T T . T T T . U T U T T T T . T U T

This is class defines the properties of each particle systenThese properties can be
modified to change the look of a particle system and how a particles change over time. All
particle systems require a ParticleSettings structure to define the particles withi that

system.
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4.5 Content Processors

Content management gstem available in XNA is used for assewuch astextures, audio,
fonts and effects. XNA'€ontentManager is responsible for loading and maintaining these

assets.

The reference material below discases XNA's Content Pipeline:

9 http://msdn.microsoft.com/en -us/library/bb203887.aspx
1 http://blogs.msdn.com/xna/archive/ 2006/08/29/730168.aspx

To extend the functionality of XNA's ContentManager, custom content processors need to
be built. For this game, custom processors have been budir handling level management

and loading model animations.
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4.5.1 DarknessModelPipeline

ThispEDAT ET A AgGOAT A0 8.180 AQGEOOEI ¢ -1 AAT 0OT AAO
the model. It adds the ability to specifgpecular maps and normaimaps to the model. The
SpecularMaps are used to obtain the specular intensity of the model atparticular point

and the normal map is used for modifying the normal of the model at a particular point on

the model. It also reads in the mimations from the .fbx file. This information is passed to

the DarknessSkinnedModelAnimation  processor which credes and organizes the

animation data to be used in the game.

¥

/ - | /
DarknessCustomMaterialProcessor A DarknessModelProcessor

Class Class
=+ Material Processor =+ ModelProcessor
= Methods = Fields

“ Process g*  directory

#? hasfnimations
# MAXBONES
o¢ normalbdap

¥ specularMap

Properties
" Hasfnimations
e Maormalklap
o Specularbdap
= Methods
4% ComparekeyframeTimes
Corverthdaterial

FlattenTransforms

MeshHasskinning
Frocess

1

i S S W A A W

Processfnirmation
Processfnimations
Walidatehdesh
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The effect file for the model is also set herelf the model has animations a different effect

file is used which takes bone transformation data into account.

4.5.2 DarknessSkinnedModelAnimation

il-)-_

| SkinningData
Class
iJ

= Properties
S AnimationClips
“ BindPase
% Bonelndices
B InverseBindPose
S SkeletonHierarchy

= tethods
W skinningData

This processor is used to organize the animation information obtained from the
DarknessModelPipeline . Theskinning data stores this information. This dataincludes
OEA T TAAIT 80 ETET O ET £ OI ACGET T ATl Keyfraried and AECE OC
AnimationClip ). The £ ET T ET ¢ AAOA EO AOOAAEAA Obs OEA (

SkinningData .

})_

( Keyframe
Class
i
= Properties
i‘*‘f" Bone
_""31:' Tirme
i‘*‘? Transform
= bethods

W Keyfrarme
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The Keyframe contains the transforms of each joint in the skeleton with respect to the bind

pose at the given time.The bind pose is the model's default passpecified by the artist.

[ AnimationClip 2) |
Class
g |

= Properties
B Keyfrarmes
ey Length

= Methods
% AnimationClip

The AnimationClip contains the number of keyframes present in the model and the length

of the complete animation clip.

o

( AnimationClipPlayer
Class
=]

= Propetties
' Ilooping
= Pethods

W AnimationClipPlayer

BlendTransforms

GetikinTransforms
GetTransformsFromTime (+ 1 owverloa..,
InRange

Flay

SwitchRange

Update

LAl O Sl Sl A A

Z

The AnimationClipPlayer is used in the gametoun OEA [T AAT1 8O0 AT Ei AOET 1 C
animation within a range of keyframes. These ranges can be used to represent different

animation states of a model, e.g., Idle, Walk, Shoot. TB&itchRange() function is
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responsible for switching from one animation state to another and it also performs

blending from one animation to anotherusing linear interpolation.

45.3 LevelData

The LevelData class contains properties that are common to each levéll.uses XNA's XML
content processor to generate an XML file based ats properties shown in the diagram
below. In addition, when reading the XML file an object of typeevelData is instantiated

which contains values for each of these properties present in the XML file.

The LevelEditor project (explained separately) uses # N drermediateSerializer to
generate LevelData as an XML fled EEO Z£E1 A EO OE Abveladales oAU OEA

load level specific data.

})-_

| LevelData
Class

= Fields

blendMapPath
checkPoints

"

endPoint
fuelPesitions
generatorPositicn
heightfapPath
layerOMapPath
layerlMapPath
layer2MapPath
layer3MapPath
layerdMapPath
normalMapPath
peripheral Positicns
spawnPoints
specialSpawnPeints
startPoint

U S T T e T . U T T T T T T N
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4EA , AOGAI $AOA AT 1 OAET O bDOi PAOOEAO &£ O OEA
normalmap and texture layes). Other game specific details are also present as shown in

the diagram above.

4.6 TheTrip

The following section describes technical details specific to the game 'The Trip'. The
systems below are implemented based on thgameplay andmechanics described inthe

AT A $AOCECT $1 AOIi A1 Os8 AEA40ED EO OEA TAITA 1
DarknessEngine.

4.6.1 Game Camera System

4AEEO OUOOAIT A @GAners Gysténitd add mofeFghrdepedific functionality.

This includes the ability to frame a colletion of objects by zooming in and out and the

ability to maintain a specific position relative to theLookAt

Much of the functionality of the game cameras is closely tied into the satellite system and
more details can be found iNO3 AOAT 1 EOAOG 'T 11 OAOT AGEOGA ' PO

in Local Multi-Player Ceoperative' AT AO8 6
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4.6.1.1 GameCamera

¥

| GameCamera
Class
=+ Camera

Fields

= Properties

= IsWeighted

P LookAt

= Type

ey UnweightedPosition
= Methods

% FrameQObjects
GameCamera
GetWorldFromScreen
GetWerldRadiusSquared
MaintainRelativePosition

& & O 4

|

Cameralype
SetTypeSpecificVariables Enum

[
£

SpecialCceasionPositionCha...

WeightPositicn TopDown
Loom [soMetric45
Zoomln IsoMyAngle

FoomCut FarFar

o o o O 4

The GameCameraAl AOO A GOAT AlmefaEldss avid nipie prdp@rées to it, i.e., a

Zoom feature and defining standard camera angles through tf@&ameraType enumerator.

(148



The Trip Technical Design Document

4.6.1.2 FarCamera

})_

| FarCamera
Class
=+ GameCamem

* Fields

=l Properties
%P CenterOffocus
ey FocusGroup
% IsFrozen

= Methods

AddFocusOhbject
FarCamera
FrameChjects
getFocusGroupCenter
UpdateFocus

€ € &€ C €

UpdateSpecial

The FarCamera classis a special camera that works similar to the GameCamera but has the
ability to track a set of bcus objects internally instead of being passed a group to frame the

way the GameCamera does.

This camera tracks the location of all the satellites in the scene. By keeping all of them in
view in a similar fashion that an individual satellite tracks its écus objects, it can track the
positions all the satellite in the world. When all of the satellites are in view, projection from
their positions through this camera to the screen allows for accurate representations of the

relative positions of the satellites in screen space.

(149



The Trip Technical Design Document

4.6.1.3 PairCamera

Each PairCamera has two satellites it references. It contains a focus group that holds all the
focus objects of both satellites. Focus cameras are used in various camera adjustments

when two satellites are closéd 1 | OCE OEAO OEAEO AAI AOAOGSd AOA EI

}}_

| PairCamera
Class
=+ FarCamera

= Fields

g* =atl

o sat?
= Methods
BuildPairCam
Check&ndFixFocus
FrameChjectsCQuick
MatchesPair
PairCamera
ReformFocusGroup
ResetCam
Update

LA SO S SBE SN SR SR &

4.6.2 Game Satellite System

It extends the DarknesEngined © 7 3 AOA | lakd@dds dreAfghédtianality in terms
of managing the behavior of the camera in the satellite based on the important objedis
OEA OAAT As $AOAETI O T &£ OEA OUOOAI AAT AA & O

N s A 2 o

Dynamic Split Screen in Local MultPlayer Col DPAOAOEOA ' Al AO86
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4.6.2.1 IFocusObject

})_

| IFocusObject
Interface

= Properties
lsActive
IsMainLocked
Paosition

VisibilifySphere

Weight

IFocusObjects are objects that are capable of being tracked by the camera and tregedlite
system. TheirPositionis used, in comparison to other focus objects being tracked by the
same camera, to determine where the camera should be looking. TWeeight can be applied
to the position to indicate that the object should be considered morenportant than other
objects of lower weight in this calculation (higher weighted objects are closer to the center
of view). The VisibilitySphereis a bounding sphere used to determine if the camera should
zoom in or out by checking collisions against theurrent view frustum. A larger radius on

the sphere indicates that a larger area around the object will remain in view.

IsActiveis used to indicate whether the object should be counted at all in the calculations.
Note that changing this value of an ob in focus will cause the camera to jump to a new
focus. To move the camera gradually, the object should be removed entirely from the focus
group of its satellite. The only objects, outside of those directly related to the satellite

system itself, that ths should be relevant to, are players.
IsMainLockelE 0 OOAA &£ O T AEAAOO OEAO AOA DPOT EEAEOAA

This is relevant when the main satellite is given separate behavior than the other satellites.
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4.6.2.2 WSatellite

The WSatellite 11 is the gameside implementation of a satellite. The engine has access to
the abstract ASatellite but, because much of the satellite's functionality is related to the
properties of the game object® and game cameras, a lot of it needs to be handled game

side.

The biggest part of what is required to separate a WSatellite from the ASatellite is the sense

of Focus Objects and focus groups.

11 Most of the satellite system was redone midway through the project for clarity. Originally, the
gameOEAA OAOOEITT 1T A& A 03 A GHelrip BadeAité) and £ O endire IsitieA A
version was called Sateite. WSatellite and ASatellite are clean versions of that. The same is true
for the WSatelliteManager. Eventually, these items can drop the W in the name and be called
SatelliteManager, Satellite while ASatellite can remain the abstract version in the engi

12 Eventually, since the focus objects are now being accessed through an interface IFocusOljects
previously they were GameObijects), this could potentially be moved back into the engine
entirely with only some interfaces needed to add game concepts. Bhs far future work for now
but should be mentioned because it was an important part of the way the system was originally
set up and why a separate FocusManager and Satellite Manager are needed.

(152

43 A



The Trip Technical Design Document

[153



