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4  

Technical Design Document 
 

This document specifies guidelines and technology used throughout development.  Most of 

the contents of this document was written during Winter 2009 as guidelines for the 

development during 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 separated into two distinct entities: 

¶ DarknessEngine: The Game Engine that handles game agnostic details such as 

rendering, input, physics and content loading. 

¶ The Trip : This handles game specific details like the game objects and menu 

screens. 

Each subsystem within the two entities interacts with one another through the common 

EngineManager Interface.  The EngineManager provides access to each of the subsystems 

present in the DarknessEngine. 

Systems like input 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:  

¶ DarknessModelProcessor : This is a custom model processor that extends 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. 

¶ DarknessSkinnedModelAnimation:  Responsible for creating animation data 

ÉÍÐÏÒÔÅÄ ÆÒÏÍ ÔÈÅ ÍÏÄÅÌȢ  )Ô ÕÓÅÓ ÔÈÅ $ÁÒËÎÅÓÓ-ÏÄÅÌ0ÒÏÃÅÓÓÏÒ ÔÏ ÉÍÐÏÒÔ Á ÍÏÄÅÌȭÓ 

animation information.  

¶ LevelData: Is responsible for creating an XML file that holds information about each 

level. 

¶ LevelEditor : This is a separate project that is used for 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 additional development tools required are available at the MSDN 

Academic Alliance Software Center - http://msdn01.e -

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

4.2.1 Platform  

The Trip 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.htm).  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 Game Design and Development Laboratory at Rochester Institute of Technology has an 

Xbox 360 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 

¶ Language : C# (Visual C# ) 

¶ Development Framework : XNA Game Studio 3.1 (http://creators.xna.com/en -

us/XNAGS3.1readme) 

http://msdn01.e-academy.com/elms/Storefront/Home.aspx?campus=rit_it
http://msdn01.e-academy.com/elms/Storefront/Home.aspx?campus=rit_it
http://www.xbox.com/en-US/
http://www.xbox.com/en-US/games/community/default.htm
http://creators.xna.com/en-US/membership
http://creators.xna.com/en-us/XNAGS3.1readme
http://creators.xna.com/en-us/XNAGS3.1readme
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XNA Game Studio is a framework developed by Microsoft with a focus on game 

development. The framework includes several built-in librarie s 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 framework 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: 

¶ Visual Studio 2008, Team Edition (http://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. 

¶ Adobe Photoshop 

(http://tryit.adobe.com/us/cs4/photoshopcs4/p/?sdid=ETRVF& ): Textures, 2D 

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 .bmp  file formats will be used for textures. 

¶ Autodesk Maya 

(http://usa.autodesk.com/adsk/servlet/pc/index?siteID=123112&id=13577897  ), 

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

used to export models in the .FBX file format. An .fbx  file can be imported directly 

using XNA's Content Pipeline and rendered instantly. 

¶ Windows 7, Vista and XP (http://www.microsoft.co m/windows/ ): Operating 

system for development. However, the game will be built for the Xbox 360 and must 

work on that console. 

http://msdn.microsoft.com/en-us/vstudio/default.aspx
http://msdn.microsoft.com/en-us/vstudio/default.aspx
http://tryit.adobe.com/us/cs4/photoshopcs4/p/?sdid=ETRVF&
http://usa.autodesk.com/adsk/servlet/pc/index?siteID=123112&id=13577897
http://www.blender.org/
http://www.microsoft.com/windows/
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¶ MediaWiki (http://www.mediawiki.org/wiki/MediaWiki ), Microsoft Office 

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

¶ Subversion (http://subversion.tigris.org/ ): Version control. 

4.2.4 Production Environment  

The game is developed on PC's with Windows (7, Vista or XP) containing graphics cards 

with Shader Model 3.0 capability. There will be access to Xbox 360's in the Game Lab at 

Rochester Institute of Technology for testing and deploying the game on an Xbox platform. 

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

access to. Subversion is used for version control. 

XNA Game Studio 3.1 uses the Visual Studio 2008 IDE and has in-built functionality for 

creating and deploying the project on an Xbox 360. The two main subsystems 

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

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

and Xbox360 projects. The same code based is used for both builds. To maintain cross-

compatibility, pre-processer directives are used, e.g., the #if XBOX directive. This can be 

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

 #if XBOX  

       const int scree nWidth = 1280;  

       const int screenHeight = 720;  

 #else  

       const int screenWidth = 853;  

       const int screenHeight = 480;  

 #endif  

 

http://www.mediawiki.org/wiki/MediaWiki
http://office.microsoft.com/en-us/default.aspx
http://subversion.tigris.org/
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4.3 Conventions  

This section describes the conventions 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 submission. 

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 followed during implementation and what the expectation of a 

customer is. Screen resolution, trial modes, a friendly menu system, input issues and sound 

management are a few topics mentioned. 

The XNA forums contain topics that cover various guidelines to be followed when 

developing games targeted at the Indie Platform. 

¶ The Evil checklist: 

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

followed to avoid peer review failure. 

¶ The Not So Evil checklist (http://forums.xna.com/forums/t/30487.aspx ) : Other 

guidelines to follow, but they may not lead to peer review failure 

http://creators.xna.com/en-US/education/bestpractices31
http://forums.xna.com/forums/p/19525/101798.aspx#101798
http://forums.xna.com/forums/t/30487.aspx
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¶ Legal Advice (http://forums.xna.com/forums/t/17830.aspx ): Any potential legal 

hurdles that the game may face. 

4.3.1  Coding Standards  

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

C# and other object-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 consistency, the following conventions have been proposed. A 

sample C# class is also included below. This sample is available in the repository so that it 

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

4.3.2 Naming Conventions  

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

¶ Pascal Casing - First character of all words are upper case and other characters are 

lower case, e.g., GameEngine. 

¶ Camel Casing - First character of all words, except the first word are upper case 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. 

¶ PrefiØ Ȱ)ȱ ×ÉÔÈ #ÁÍÅÌ #ÁÓÉÎÇ ÕÓÅÄ ÆÏÒ ÉÎÔÅÒÆÁÃÅÓȢ 

¶ Camel casing for variables and method parameters. 

¶ Define 'const' variables in all caps with words separated by '_' 

http://forums.xna.com/forums/t/17830.aspx
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¶ Do not use single character variable names like i, n, s etc; except when using 

counters. 

¶ Do not use variable names that resemble keywords. 

¶ 0ÒÅÆÉØ ÂÏÏÌÅÁÎ ÖÁÒÉÁÂÌÅÓȟ ÐÒÏÐÅÒÔÉÅÓ ÁÎÄ ÍÅÔÈÏÄÓ ×ÉÔÈ ȰÉÓȱ ÏÒ ÓÉÍÉÌÁÒ ÐÒÅÆÉØÅÓȢ 

¶ Function names should follow a verb- object pair, e.g, PlayGame(). 

¶ Methods with return values should have a name describing the value returned, e.g, 

GetCameraView(). 

¶ File name should match with class name, unless 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: 

¶ Classes, functions, enums, member variables and class headers should be 

documented using XML comments. 

¶ Classes should include a description of what it does and its potential use and 

interaction in the game. 

¶ Function comments should include a description of the function and any ambiguous 

parameters or return types. 

¶ 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# see http://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 code. These are set to 

improve the readability of the source code. 

http://msdn.microsoft.com/en-us/library/b2s063f7%28VS.71%29.aspx
http://msdn.microsoft.com/en-us/library/b2s063f7%28VS.71%29.aspx
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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 level as the code outside the braces. 

¶ Use a blank line for separation of logical code groups 

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

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

¶ Use a single space after each operator in brackets 

¶ Use the region  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 below: 

 

   #region File Description  

   // -----------------------------------------------------------------------------  

   // TheTrip.cs    

   // Authors: person who wrote this.  

   // Copyright (C) Team Name. All Rights Reserved.  

   // -----------------------------------------------------------------------------  

   #endregion  

   #region Using Statements  

   using System;  

   using System.Collections.Generic;  

   using System.Linq;  

   using Microsoft.Xna.Framework;  

   using Microsoft.Xn a.Framework.Audio;  

   using Microsoft.Xna.Framework.Content;  

   using Microsoft.Xna.Framework.GamerServices;  

   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  

   {  

       /// <summary>  

       /// Put in class Description here  

       /// </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  

           /// <summary>  

           /// Describe Constructor here  

           /// </summary>  

           public Example( )  

           {  

               exampleVariable = 0.0f;  

           }  

           /// <summary>  

           /// Describe Constructor here  

           /// </summary>  

           /// <param name="value"> Describe parameter here </param>  

           public Example(float value)  

           {  

               exampleVariable = 0.0f;  

           }  

           #endr egion  

           #region Private Functions  

           /// <summary>  

           /// Describe Function here  

           /// </summary>  

           /// <param name="value"> Describe parameter here </param>  

           private void TripIn(int value)  

           {  

           }  

           #endregion  

           #region Public Functions  

           /// <summary>  

           /// Describe Function here  

           /// </summary>  

           /// <param name="value2"> Describe parameter here </param>  

           /// <returns> describe return value here</returns>  

           public float TripOut(int value2)  

           {  

               return 0.0f;  

           }  

           #endregion  

       }  

   }  
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Each class created will follow the code arrangement shown above, i.e., Variable Declaration, 

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 example, 

the flare gun is a FlareGun object shoots a Flare that emits FlareParticles.  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 the structure of the High Level Architecture 

explained above. Figure 8 describes the directory structure used. 

Description of some directories is a follows: 

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

documents 

¶ TheTrip: This directory contains the codebase and game assets. It contains separate 

directories for the Engine codebase and TheTrip codebase. They each have 

individual sub directories for the various sub-systems described in the high level 

architecture. 

¶ Content: This contains all the game related assets and effect files. There are separate 

asset directories for Models, Textures, Audio and Level Data. 

¶ Sound: Contains the audio files compiled using XACT. 
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TheTrip
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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 (Pascal Case) 

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 texture must signify what it looks like and (if 

possible) on what model it is used. 
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Models: The 3D model files will be exported as .fbx  file format. The file name has the 

following structure:  modName.fbx, 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 compiled as a DLL (dynamic linking library) prior 

to its use in the game. TheTrip game project uses the DarknessEngine DLL to access and 

use the engine components. It is broken down into several systems such as sound, input 

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

The following are the subsystems that constitute the engine. UML diagrams of important 

subsystems highlight their  architecture.  Any special functions are also explained.  As a 

convention, the classes described will always start with an uppercase letter, e.g., Screen 

means the Screen class while screen means a menu 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 Cross-platform Audio Creation 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 assets.  Functionality such 

as playing, pausing, stopping audio and adjusting 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 single files that contain multiple .wav files. Wave banks are either in-

memory (stored in memory) or streamed (play back from storage device). In-memory 

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 

 

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. It is also 

responsible for instantiating XNA's AudioEngine  Class.  Once this is instantiated, the 

engine can be used to initialize the wave and sound banks. The AudioManager has its own 

content system to manage resources which must be unloaded and loaded as required.   
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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 the GamePadState Structure. The 

PlayerIndex Enumerator is used an argument to poll each connected controller. 

For internal purposes, keyboard input will also be implemented. 

4.4.2.1 Input Handler  

 

The InputHandler  handles the Gamepad and keyboard state from a specific device.  The 

Update() function is used to retrieve the gamepad state for each device based on the 

PlayerIndex (the number index shown on the Gamepad). 
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4.4.2.2 Input Manager  

 

 The InputManager  is used to manage the four InputHandlers which are instantiated for 

each gamepad. The InputManager queries for 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. 

¶ IsButtonPressed(): ! ōǳǘǘƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ άǇǊŜǎǎŜŘέ ǿƘŜƴ ƛǘǎ ǎǘŀǘe goes from down to 

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 SpriteBatch).  Its rendering is done after the 

RenderSystem's Draw() function is executed.  In the game, it is called after RenderSystem 

Draw() function in the the GameplayScreen.   Rendering in this way ensures that the 

HudElements are only drawn in-game and on top of all the objects drawn by the 

RenderSystem. 

4.4.3.1 HUDManager 
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4.4.3.2 HUDElement 

 

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

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

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

4.4.4 Screen System 

The screen system 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. 

Screens is analogous to the Screens described in the Game Design Document. 
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Each screen may have a list of items which behave as menu options that trigger events. 

4.4.4.1 ScreenManager 

 

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's Draw() 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 

functionality. When added to the ScreenManager, its Update() 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.  The ScreenState 

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

4.4.5 Scene System 

The Scene System manages all the 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 rendering process. 

4.4.5.1 SceneGraph 

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

game is made up of two object types: static objects and dynamic objects. 

While a quad tree can be implemented to handle dynamic objects, this is usually not 

appropriate as the restructuring of the tree can be time consuming when many objects 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 was made 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 a SceneNode. 
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The most important function here GetVisibleObjects().  This takes in the current camera's 

frustum and creates a list of visible objects by culling the objects outside the frustum.  It 

receives the camera's frustum from either the CameraManager or the active Satellites  in 

the SatelliteManager . This visibleObject list is used by the RenderSystem to render only 

the required objects. 

4.4.5.2 SceneNode 

The SceneNode is used as a node in the quad tree. Each scene node has list of child 

SceneNodes if it is not a leaf node and a list of scene objects if it is a leaf node. 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 is handled by the SceneObject class) 
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4.4.5.3 SceneObject 

The SceneObject is the base class from which all defines all the kinds objects that may be 

present within the game. The SceneGraph maintains the list of SceneObjects. 
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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 static or dynamic. 

Each object in the game has a unique identifier, id (a static variable), which is incremented 

each time a SceneObject is instantiated.  This identifier is incremented in the InitObject() 

function.  Once a new level is loaded in the game, the identifier is reset to 0 in order to load 

in a new batch of SceneObjects. 

A SceneObject class also has a boundingBox which is used for camera frustum culling in the 

SceneGraph. 

4.4.5.4 QuadTree 

 

Extends the SceneNode and maintains the hierarchy of objects within the scene. 
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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 each pixel 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 heightmap are 

equal to the dimensions (the size) of the terrain.  Each element in the array is the height (y 

coordinate) of corresponding vertex in the terrain.  Samples of heightmaps are present in 

the Levels (page 62) section of the Game Design Document.  

4.4.6.1 TerrainScene Manager  

The TerrainSceneManager  is responsible for loading 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 called TerrainNodes .  Each node is drawn 

only if it lies within the camera's frustum.   
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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 

ÔÅÒÒÁÉÎȢ  4ÈÅ ÆÉÒÓÔ ÔÅØÔÕÒÅ ÉÓ ÔÈÅ ȬÂÁÓÅȭ ×ÈÉÃÈ ÉÓ ÁÐÐÌÉÅÄ ÁÌÌ ÏÖÅÒ ÔÈÅ ÔÅÒÒÁÉÎȢ  4ÈÅ ÂÌÅÎÄÍÁÐȭÓ 

RGBA channels are used to mark regions of the terrain where we want a particular texture 

to show.  Samples of a blendmap are present in the Levels section of the Game Design 

Document.  
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4.4.6.2 TerrainNode  

 

This sets up the VertexBuffer and IndexBuffer for the terrain by reading in values from the 

Heightmap's imageData  array.  It also mathematically 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  

 

This is a helper class used to store details for a particular terrain, including 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  

 

This class is used for getting heightmap and normalmap data from images.  The heightmap 

data is stored in a one dimensional array (heightData ).  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  

 

The LightManager maintains a list of all the types of Lights  in the game.  It determines the 

state of each Light  and its type. It communicates with SceneGraph, getting information on 

the Lights  which affect the current scene.   
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The Deferred shading 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  

 

This is a base class that defines the common properties of a light.  It extends the Renderable 

Class (discussed later in the Rendering System).   Any change to a Light's  property also 

updates the corresponding parameter in 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'.   



 
 
The Trip   Technical Design Document  
 

[123] 
 

The IsInScene property is determined by the SceneGraph.  It determines whether the Light  

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

4.4.7.3 Point Light  

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

 

The PointLight  class defines a light that illuminates in all directions.  It has an InnerRadius 

and OuterRadius property 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 between thÅ ȬÓÁÆÅȭ ÁÎÄ ȬÄÁÎÇÅÒȭ ÒÅÇÉÏÎÓȢ 
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The LightDetectionSphere is a BoundingSphere  structure which is the same size as the 

ÌÉÇÈÔȭÓ ÉÎÎÅÒ ÒÁÄÉÕÓȢ  4ÈÉÓ ÉÓ ÕÓÅÄ ÉÎ ÇÁÍÅÐÌÁÙ ÔÏ ÔÅÓÔ ÆÏÒ ÓÁÆÅ ÒÅÇÉÏÎÓȟ ÉȢÅȢȟ ×ÈÅÔÈÅÒ ÔÈÅ ÐÌÁÙÅÒ 

is in an area where the 'Terrors' can't enter. 

4.4.7.4 SpotLight  

 

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

constrained within a conical boundary.  Again the InnerAngle and OuterAngle property is 

used to delineate safe and danger areas.  A BoundingFrustum structure, 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  

 

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.   

4ÈÉÓ ×ÏÎȭÔ ÂÅ ÕÓÅÄ ÏÆÔÅÎ ÉÎ ÔÈÅ ÇÁÍÅ ÓÉÎÃÅ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔ ÎÅÅÄÓ to be dark.  It is, 

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 

 

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 the HUDManager and RenderGraph  to perform 

this batched process. 

The RenderDictionary is a Dictionary (C# library class) container that has a list of all the 

objects in the level keyed by their identifier (the static id variable stored in the 

SceneObject). 

Since deferred shading is implemented, the rendering is done in several passes.  More 

details about the implementation are available in the Research Topic - Anti-Aliasing 

solutions for Deferred Shading. 

The RenderSystem also has the ability to render from different CameraȭÓ ÏÎ ÄÉÆÆÅÒÅÎÔ 

areas of the screen.  This is done by assigning a RenderTarget  object to each Satellite, 

(discussed below), which contains a Camera object. 
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4.4.8.1 Render Graph 

 

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

SceneGraph, i.e., the objects currently visible. The objects are populated in separate render 

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

Geometry.  The SetSceneGraphForSatellites() function is responsible for retrieving the 

visible objects and populating the lightList and solidGeometryDictionary  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.  It can either be a 

geometry or light.  The Renderable is also responsible for adding itself to the 

RenderDictionary present in the RenderSystem. 
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4.4.8.3 BaseMaterial  

This class defines the standard material properties of an object.  These materials can be 

changed during runtime which automatically updates its value in the effect file. 

 

 

4.4.9 Camera System 

The camera system is responsible 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 application. It keeps 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.  
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4.4.9.2 Camera 

 

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 and providing their position 

and size to the RenderSystem.  This is done by maintaining a multiple Cameras and 

RenderTargets. 

4.4.10.1 WSatelliteManager  

 

The WSatelliteManager  is responsible for managing the update 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  

 

The ASatellite  class is an abstract class that defines the default behavior and properties of 

a satellite.  It consists of a Camera and RenderTarget to draw the scene viewed from a 

camera to a render target.  The texture from the RenderTarget is retrieved which is finally 

positioned on screen based on the DestinationDimension and SourceDimension. The 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 this may obstruct the view 

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

ÉÎ ÔÈÅ ÍÁÎÁÇÅÒȭÓ ÌÉÓÔȢ  
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Most of the functionality of a specific satellite is updated game-side by WSatellite so this 

class actually does very 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 for bounding boxes, frustums, rays, and spheres. 

4.4.11.1 CollisionManager  

 

The CollisionManager  is a helper class contains 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's BoundingBox, BoundingS phere,  and BoundingFrustum  classes 

provide functions that can be used for checking for collision (Contains() and Intersects() ). 

Each object will be responsible for querying the CollisionManager to check for collisions 

and will handle the response themselves. 
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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 of particle effects by extending the base 

emitter and base particle. 

The particle system framework is derived from the Particle 3D sample on the XNA Creators 

Club website located here http://creators.xna.com/en -us/sample/particle3d  and was 

modified only slightly to work in the engine framework. 

4.4.12.1 ParticleSystemManager  

The particle system manager manages a list of ParticleSystem s and is responsible for 

activating, updating them and drawing them. 

http://creators.xna.com/en-us/sample/particle3d
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The Draw() function is called at the end of the 2ÅÎÄÅÒ3ÙÓÔÅÍȭÓ Draw() function.  It takes 

in a Camera as an argument to figure out which WSatellite  (i.e., the Camera in the 

WSatellite ) the particle should be drawn from. 
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4.4.12.2  ParticleSystem  

 

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 created as GPU 

particle systems. All particles in the system are contained within an array of 

ParticleVertex ȭÓȢ 4ÈÅ ParticleSystem  will then draw only the ParticleVertex ȭÓ ÉÎ ÔÈÅ 

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

4.4.12.3 ParticleEmitter  

The ParticleEmitter  has a connection to a ParticleSystem  for which it controls the actual 

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

 

 

4.4.12.4  ParticleVertex  

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

structure that handles this. The vertex structure contains a Position, Velocity, Random, and 

Time value. This allows the particle shader to calculate all the necessary attributes that are 

needed when rendering the particle.  
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4.4.12.5 ParticleSettings  

 

This is class defines the properties of each particle system. These 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 within that 

system. 
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4.5 Content Processors  

Content management system available in XNA is used for assets such as textures, audio, 

fonts and effects.  XNA's ContentManager  is responsible for loading and maintaining these 

assets.  

The reference material below discusses XNA's Content Pipeline: 

¶ http://msdn.microsoft.com/en -us/library/bb203887.aspx  

¶ 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 built for handling level management 

and loading model animations. 

  

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

This pÉÐÅÌÉÎÅ ÅØÔÅÎÄÓ 8.!ȭÓ ÅØÉÓÔÉÎÇ -ÏÄÅÌ0ÒÏÃÅÓÓÏÒ ÉÎ ÏÒÄÅÒ ÔÏ ÁÄÄ ÍÏÒÅ ÐÒÏÐÅÒÔÉÅÓ ÔÏ 

the model.  It adds the ability to specify specular maps and normal maps to the model.  The 

SpecularMaps are used to obtain the specular intensity of the model at a particular 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 animations from the .fbx file.  This information is passed to 

the DarknessSkinnedModelAnimation processor which creates and organizes the 

animation data to be used in the game.   
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The effect file for the model is also set here.  If the model has animations a different effect 

file is used which takes bone transformation data into account. 

4.5.2 DarknessSkinnedModelAnimation  

 

This processor is used to organize the animation information obtained from the 

DarknessModelPipeline .  The skinning data stores this information.  This data includes 

ÔÈÅ ÍÏÄÅÌȭÓ ÊÏÉÎÔ ÉÎÆÏÒÍÁÔÉÏÎ ÁÎÄ ÔÈÅ ×ÅÉÇÈÔÓ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÅÁÃÈ ÊÏÉÎÔ ɉKeyframes  and 

AnimationClip ).  The sËÉÎÎÉÎÇ ÄÁÔÁ ÉÓ ÁÔÔÁÃÈÅÄ ÔÏ ÔÈÅ Ȭ4ÁÇȭ ÐÒÏÐÅÒÔÙ ÏÆ Á ÍÏÄÅÌ as 

SkinningData .  

 



 
 
The Trip   Technical Design Document  
 

[145] 
 

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 pose specified by the artist. 

 

 

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

of the complete animation clip. 

 

The AnimationClipPlayer is used in the game to run ÔÈÅ ÍÏÄÅÌȭÓ ÁÎÉÍÁÔÉÏÎÓȢ  )Ô ÐÌÁÙÓ ÔÈÅ 

animation within a range of keyframes.  These ranges can be used to represent different 

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

blending from one animation to another using linear interpolation. 

4.5.3 LevelData 

The LevelData class contains properties that are common to each level.  It uses XNA's XML 

content processor to generate an XML file based on its properties shown in the diagram 

below.  In addition, when reading the XML file an object of type LevelData  is instantiated 

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

The LevelEditor  project (explained separately) uses #ΠȭÓ IntermediateSerializer  to 

generate LevelData as an XML file.  4ÈÉÓ ÆÉÌÅ ÉÓ ÔÈÅÎ ÕÓÅÄ ÂÙ ÔÈÅ ÇÁÍÅȭÓ LevelManager  to 

load level specific data.   
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4ÈÅ ,ÅÖÅÌ$ÁÔÁ ÃÏÎÔÁÉÎÓ ÐÒÏÐÅÒÔÉÅÓ ÆÏÒ ÔÈÅ ÌÅÖÅÌȭÓ ÔÅÒÒÁÉÎ ɉÂÌÅÎÄÍÁÐȟ ÈÅÉÇÈÔÍÁÐȟ 

normalmap and texture layers).  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 the gameplay and mechanics described in the 

'ÁÍÅ $ÅÓÉÇÎ $ÏÃÕÍÅÎÔȢ  4ÈÅ4ÒÉÐ ÉÓ ÔÈÅ ÎÁÍÅ ÏÆ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÅØÅÃÕÔÁÂÌÅ ×ÈÉÃÈ ÕÓÅÓ ÔÈÅ 

DarknessEngine . 

4.6.1 Game Camera System 

4ÈÉÓ ÓÙÓÔÅÍ ÅØÔÅÎÄÓ ÔÈÅ ÅÎÇÉÎÅȭÓ camera system to add more game-specific functionality. 

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

ability to maintain a specific position relative to the LookAt. 

Much of the functionality of the game cameras is closely tied into the satellite system and 

more details can be found in Ȱ3ÁÔÅÌÌÉÔÅÓȡ !Î !ÌÔÅÒÎÁÔÉÖÅ !ÐÐÒÏÁÃÈ ÔÏ $ÙÎÁÍÉÃ 3ÐÌÉÔ 3ÃÒÅÅÎ 

in Local Multi-Player Co-operative 'ÁÍÅÓȢȱ 
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4.6.1.1 GameCamera 

 

The GameCamera ÃÌÁÓÓ ÅØÔÅÎÄÓ ÔÈÅ %ÎÇÉÎÅȭÓ Camera class and more properties to it, i.e., a 

Zoom feature and defining standard camera angles through the CameraType enumerator. 
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4.6.1.2 FarCamera 

 

The FarCamera class is a special camera that works similar to the GameCamera but has the 

ability to track a set of focus 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 focus 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.     

 
     



 
 
The Trip   Technical Design Document  
 

[150] 
 

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 close ÅÎÏÕÇÈ ÔÈÁÔ ÔÈÅÉÒ ÃÁÍÅÒÁÓȭ ÁÒÅ ÉÎÆÌÕÅÎÃÉÎÇ ÅÁÃÈ ÏÔÈÅÒȢ 

 

4.6.2 Game Satellite System 

It extends the DarknessEngineȭÓ 73ÁÔÅÌÌÉÔÅ-ÁÎÁÇÅÒ and adds more functionality in terms 

of managing the behavior of the camera in the satellite based on the important objects in 

ÔÈÅ ÓÃÅÎÅȢ  $ÅÔÁÉÌÓ ÏÆ ÔÈÅ ÓÙÓÔÅÍ ÃÁÎ ÂÅ ÆÏÕÎÄ ÉÎ Ȱ3ÁÔÅÌÌÉÔÅÓȡ !Î !ÌÔÅÒÎÁÔÉÖÅ !ÐÐÒÏÁÃÈ ÔÏ 

Dynamic Split Screen in Local Multi-Player Co-ÏÐÅÒÁÔÉÖÅ 'ÁÍÅÓȢȱ 
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4.6.2.1 IFocusObject 

 

IFocusObjects are objects that are capable of being tracked by the camera and the satellite 

system. Their Position is used, in comparison to other focus objects being tracked by the 

same camera, to determine where the camera should be looking. The Weight can be applied 

to the position to indicate that the object should be considered more important than other 

objects of lower weight in this calculation (higher weighted objects are closer to the center 

of view). The VisibilitySphere is a bounding sphere used to determine if the camera should 

zoom in or out by checking collisions against the current view frustum. A larger radius on 

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

IsActive is used to indicate whether the object should be counted at all in the calculations. 

Note that changing this value of an object 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 this should be relevant to, are players.  

IsMainLocked ÉÓ ÕÓÅÄ ÆÏÒ ÏÂÊÅÃÔÓ ÔÈÁÔ ÁÒÅ ÐÒÏÈÉÂÉÔÅÄ ÆÒÏÍ ÍÏÖÉÎÇ ÏÕÔ ÏÆ ÔÈÅ ȰÍÁÉÎȱ ÓÁÔÅÌÌÉÔÅȢ 

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 game-side 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 objects12 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 

game-ÓÉÄÅ ÖÅÒÓÉÏÎ ÏÆ Á Ȱ3ÁÔÅÌÌÉÔÅȱ ×ÁÓ ÃÁÌÌÅÄ 43ÁÔÅÌÌÉÔÅ ɉTheTrip Satellite) and the engine side 

version was called Satellite. 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 engine. 

 
12 Eventually, since the focus objects are now being accessed through an interface IFocusObjectsɂ

previously they were GameObjects), this could potentially be moved back into the engine 

entirely with only some interfaces needed to add game concepts. This is 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. 
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