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Software Architecture Document 

1. Introduction

This document provides an overview of the current software architecture for the Orbital Incident computer game. It provides a comprehensive architectural overview of the system, using a number of architectural views to depict its different aspects. 
1.1 Purpose

This document is intended to capture and convey the architectural decisions which have been made on the system. It is the chief means of communication between the development team, the producer and the publisher and among the members of the development team. It shall give a structural overview of the software product, allowing the Producer and Publisher to make intelligent decisions about the direction of the project. 

This is an evolving document and shall be kept current with the last milestone of the Orbital Incident software product. While it cannot be used directly as the software code base is developed, it shall be maintained and can be used to generate code in the early stages of development.
1.2 Scope

This document applies strictly to the computer product of the overall Orbital Incident entertainment effort. Other projects may refer to this document but do not drive its content.
1.3 Definitions

Definitions of certain game-specific and program-specific terms are given below.
1.3.1 Board

Something which exists but does not move throughout the Game Space. In Orbital Incident, refers to the Earth spinning at the bottom of the game's view.

1.3.2 Camera

The perspective from which the three-dimensional game is rendered to the two-dimensional screen, like a camera taking a picture. The camera can be moved by the player for a more useful view of the game.
1.3.3 Diplomatic Protest

An action the user can take which moves all Smart Tokens away from the player (in the Y direction) at their maximum speed.
1.3.4 Enemy Token

Any token which is not a Player Token, including Missions and Goals.

1.3.5 Game Space

The 3-dimensional space through which Tokens move, of which a 2-dimensional view is rendered for display on the screen.

1.3.6 Goal

A target which, when reached by the Player Token, ends the Level and resets all expendables (damage, Diplomatic Protest and fuel) to full.

1.3.7 Level

An interval of game play with zero or more obstacles, one or more Missions and one or more Goals which appear at given times after the beginning of the level. The level ends when the player reaches the Goal or when the game ends, whichever comes first. If the player did not accomplish any Missions, he must repeat the level.
1.3.8 Mission
An intermediate point to reach in the completion of a Level.

1.3.9 Player Token 

The token controlled by the user. Only moves along the Y axis (in world coordinates).

1.3.10 Smart Token

An Enemy Token which is guided towards the Player Token. It can only change its Y-position, relying on a differential equation to intersect the Player Token at the moment its X-position matches the player's.

1.3.11 Space Junk

An Enemy Token which can damage the player but does not move towards the player. It spins to represent the fact that it is unguided. Currently, all enemies start as Smart Tokens and become space junk after their first pass, but a Level could be designed that starts with space junk.

1.3.12 Token

A 3-dimensional object which moves throughout the Game Space.
1.4 Overview

This document is organized as follows:

Introduction – This section, describing what the document is and how it is organized.
Game Design – This Section describes how the game is played and how it relates to a hypothetical real-world conflict.

Interface – This section describes the user interface commands available; assignable and non-assignable keyboard commands and mouse commands.
State View – The State View shows the different game states and how to transition between them.

Sound Effects – This section describes the sound effects used in the game and when they are triggered.
Logical View – The Logical View is the view directly related to the creation of the code base: an enumeration of each object over all software products, their attributes and methods. The Logical view is the basis for the Interaction Diagrams and later for drafts of the code itself.
Data View – This view shows how the Levels are organized as data.
Size and Performance – This Section describes size and performance requirements.
2. Game Design

2.1 Background

Orbital Incident is a simulation of a hypothetical, but realistic, conflict in low earth orbit. In 1986, the Strategic Defense Initiative hypothesized that one way to intercept intercontinental ballistic missiles would be to use "Brilliant Pebbles", small satellites that could target a missile and ram it. The pebbles wouldn't have to carry a large amount of fuel; at the speed a missile travels (and the speed a pebble must be moving to stay in orbit), any contact with the missile has a good chance of destroying it. 

Orbital Incident started in 1991 as a lab project in Orbital Mechanics, supposing that the valuable territory in space would not be designated by latitude or longitude, only by altitude and orbital position, two dimensions which can be represented on a board. Enemy "pebbles" could be placed close to a satellite of strategic importance, threatening to ram it if the countries went to war. 
The satellite could be a reconnaissance or communication craft; today, it could also be part of a positioning constellation (American GPS, Russian GLONASS or European Galileo). Mounting nuclear weapons on an orbiting platform, to be delivered to ground targets, is less likely but if the Outer Space Treaty of 1967 is scrapped then it is possible.
2.2 Game Space

All references to dimensions are in world coordinates unless otherwise noted.

Orbital Incident presents such a conflict as a single-player computer game in three-dimensional space. Altitude (the Y dimension) is the only dimension that represents the same thing in the Game Space as in the real space. The X dimension represents enemy satellites as they move around the earth, intersecting the player's orbit on each half-orbit. If the X dimension truly represented lateral movement, the Enemy Tokens would be unseen as they flew by at 17,000 miles per hour. The Z dimension represents how far ahead or behind the satellites will be when the orbits intersect. In a board game, one might also keep track of the angle between the orbits, but for Orbital Incident this distinction is not important.

2.2.1 Y-Axis

The Player Token can only move along one axis: altitude. Each unit of space moved requires a linearly proportional amount of fuel. This is an approximation of reality; in practice, a satellite would expend one burst of fuel to make their orbit elliptical (called a "transfer orbit") and another when they reached the desired position to re-circularize the orbit at the new altitude. 

2.2.2 Z-Axis

The Z-axis corresponds to longitude around the earth, relative to the player's longitude. Objects which have  a higher longitude appear further ahead and a lesser latitude appears behind the player. When the longitudes and altitudes are equal, then the enemy will intercept the player when their orbits cross.
As time passes, Enemy Tokens move in the Z dimension according to their difference in altitude. Again, this game ignores elliptical transfer orbits and only accounts for the sizes of circular orbits. At altitude r, a circular orbit's length is 2πr (the circumference of a circle) and a half-orbit is πr. As r decreases, the distance the satellite must move also decreases. This distance would be equal to pi times the difference in altitude for each half-orbit. In the real world, a lower satellite would also be moving faster and thus would cover the distance in even less time, but at this scale the differences are small and are ignored in this game. So all enemy tokens which are above the player token move backward (slower/taking longer) and all enemy tokens below the player token move forward (faster/shorter path).
Tokens which go beyond the Z-axis boundaries reappear on the other side of the Game Space. This makes them more useful, and keeps a Mission or a Goal from traveling so far away it cannot be reached without boring the player. It could be realistic (as a body travels all the way around the orbit), but a realistic boundary would probably be much farther.

2.2.3 X-Axis

For a given altitude, all circular orbits take the same amount of time for all satellites. The boundaries of the Game Space in the X direction were arbitrarily set at 1.25 and -1.25 units, so that tokens would appear at the edge of the screen. Their movement from the boundary (+/-1.25) to the center of the screen (0) represents their movement along the half-orbit until they intersect the player's orbit. All tokens move along this axis at the same rate. Lower tokens could have moved faster, but the realistic difference is negligible. 

When the token reaches the zero point, their effects are resolved (enemies cause damage, Missions and Goals end the Level) and they are moved back to the X-boundary they started from (either the right or left side of the screen). Smart Tokens are changed to Space Junk, representing the idea that their "terminal guidance" fuel is exhausted after one pass.
It would be more realistic for Tokens to continue moving across the X axis even after crossing the zero point, going out one side of the Game Space and coming in on the other. However, this would mean that the tokens spend half their life on the screen but making no real contribution to the game.
Because the orbits are all equatorial in this game (shown by the Earth spinning around the X axis at the bottom of the view), the X axis appears to correspond to latitude. In reality, an orbit could be at any inclination from 0 (equatorial) to 90 degrees (crossing the poles).

2.3 Game Play

The player moves their Token up and down with the keyboard or mouse, trying to intersect with Missions and the Goal. Smart Tokens track the Player Token, trying to intersect with it. The player can try to outrun the smart tokens or use Diplomatic Protest to make them move away at their maximum speed. The Level ends when the player token intersects the goal, but if he has not intersected any Missions before then he must repeat the level. 

The player can also rotate the Camera view with the keyboard or mouse to see how far away Tokens are in each dimension.
2.4 Token Guidance

A Smart Token's goal is to get as close as possible to the Player Token at the moment their orbits intersect. It will calculate the trajectory for every frame, correcting for player movement.

2.4.1 Algorithm

For a given altitude difference h from the Player Token in the Y axis, any other Token will change distance in the Z axis at a rate of alpha(α) times h. In the real world alpha would be equal to pi, but is set arbitrarily for the game. Given that movement in the X axis is constant, the equation to find h = 0 and Z=0 when X = 0 for the Enemy Token by varying Y is:
Define T = X/X . Note that T is decreasing to X=0 at T=0.

Over an elapsed time between frames (t,
Define F = (t/T.

(h =  ((3F - 4)h + 6Z(F - 1)/αT)F.

This solution is calculated each frame for each Smart Token, correcting for player movement. It is also limited by a 'speed' attribute for each smart token; without this limit, the guidance is always accurate enough to intercept the Player Token. Some smart tokens are, in fact, faster than the player and can only be avoided with Diplomatic Protest.
2.5 Architectural Goals and Constraints 

The client program shall execute on an Intel/AMD CPU architecture with a video graphics accelerator card which implements Microsoft DirectX. The minimum and recommended hardware specifications shall be determined during the Alpha phase of development and are subject to revision up to final release. The complete single-player game shall be delivered on one or more compact discs; updates may be distributed over IP by game or file servers.
3. Interface

This section describes the user interface commands available 
3.1 Mouse commands

On the gameplay screen, the mouse is used to control the Player Token and the Camera, and the buttons are used to trigger Diplomatic Protest. Moving the mouse up moves the token up and moving the mouse down moves the token down. Moving the mouse left rotates the camera clockwise about the Y axis and moving the mouse right rotates the camera in the opposite direction.

On some non-gameplay screens, the mouse is available to click on buttons that take the user to other screens.
3.2 Assignable Key Commands
3.2.1 helpKey

Help key. Goes to an appropriate help screen. Default assignment is F1.
3.2.2 altIncKey

Altitude Increase Key. Increases altitude of Player Token. Default assignment is up arrow.
3.2.3 altIncKey2

Alternate Altitude Increase Key. Increases altitude of Player Token. Default assignment is up arrow on Numpad.
3.2.4 altDecKey

Altitude Decrease Key. Decreases altitude of Player Token. Default assignment is down arrow.
3.2.5 altDecKey2

Alternate Altitude Decrease Key. Decreases altitude of Player Token. Default assignment is down arrow on Numpad.
3.2.6 camRtKey

Camera Right Key. Rotates Camera counter-clockwise about the Y axis. Default assignment is right arrow.
3.2.7 camRtKey2

Alternate Camera Right Key. Rotates Camera counter-clockwise about the Y axis. Default assignment is right arrow on Numpad.
3.2.8 camLtKey

Camera Left Key. Rotates Camera clockwise about the Y axis. Default assignment is left arrow.
3.2.9 camLtKey2

Alternate Camera Left Key. Rotates Camera clockwise about the Y axis. Default assignment is left arrow on Numpad.
3.2.10 camCenterKey

Camera Center Key. Centers Camera. Default assignment is '5' on Numpad.
3.2.11 pauseKey

Pause Key. Pauses game. Default assignment is P.
3.2.12 quitKey

Quit Key. Quits the application from any state. Default assignment is Q.
3.2.13 dipKey

Diplomatic Protest Key. Moves all Smart Tokens away from Player Token. Default assignment is spacebar. Also available by clicking either mouse button.
3.2.14 startKey

Game Start Key. Starts game from welcome screen. Default assignment is S.
3.2.15 mouseOptKey

Mouse Options Key. Goes from options screen to mouse configuration screen. Default assignment is M.
3.2.16 soundOptKey

Sound Options Key. Goes from options screen to sound configuration screen. Default assignment is A.
3.2.17 None

No key assignment. This value is used internally by the program.
3.3 Non-Assignable Key Commands
The following keyboard commands cannot be customized; doing so might make it impossible to change them or any other key assignments.
3.3.1 O

Goes to options screen from welcome screen.
3.3.2 K

Goes to keyboard assignment screen from options screen.
3.3.3 Escape

Returns to the welcome screen from any state.
4. State View

The State View shows the flow of play in terms of State, an enumerated variable that determines what is shown on the screen and what the user inputs cause. 

4.1 States

The values of State and transitions between states are shown below

4.1.1 Welcome
Welcome Screen. 
4.1.1.1 Transitions

WelcomeHelp – helpKey pressed or 'Help' GUI button clicked.

Options – O key pressed or 'Options' GUI button clicked.

Playing – startKey pressed or 'Start' GUI button clicked.
4.1.2 Paused

In the midst of play, waiting to restart. 
4.1.2.1 Transitions

GameHelp – helpKey pressed.

Playing – Any key other than helpKey pressed.
4.1.3 Playing

Standard play mode. 

4.1.3.1 Transitions

Played – Game ends by running out of fuel or taking damage beyond the threshold.

Paused – pauseKey pressed.

Welcome – Escape key pressed.
4.1.4 Played

Game Over, waiting to return to welcome screen. 

4.1.4.1 Transitions

Welcome – pauseKey pressed.
4.1.5 Leveled

Finished current Level, waiting to return to next Level. 

4.1.5.1 Transitions

Playing – pauseKey pressed and another Level is available.

Played - pauseKey pressed and no more Levels are available.
4.1.6 WelcomeHelp

Welcome Help screen. 

4.1.6.1 Transitions

Welcome – Any key other than helpKey pressed.
4.1.7 GameHelp

Game Help screen. 

4.1.7.1 Transitions

Playing – Any key other than helpKey pressed.
4.1.8 OptionsHelp

Options Help screen. 

4.1.8.1 Transitions

Options – Any key other than helpKey pressed.
4.1.9 Options

Main Options screen. Choose Options sub-screens from here. 

4.1.9.1 Transitions
Keyboard – K key pressed.

OptionsHelp – helpKey pressed or 'Help' GUI button clicked.

Mouse – mouseOptKey pressed or 'Mouse' GUI button clicked.

Sound – soundOptKey pressed or 'Audio' GUI button clicked.
4.1.10 Keyboard

Keyboard configuration screen. 

4.1.10.1 Transitions

Options – O key pressed.
4.1.11 Mouse

Mouse configuration screen. 
4.1.11.1 Transitions

Options – Any key other than a number key, plus key or minus key pressed.
4.1.12 Sound

Sound options screen. 
4.1.12.1 Transitions

Options – Any key other than a number key, plus key or minus key pressed.
5. Sound

Certain sound effects are loaded into memory with the application, then played at certain points in the game. 
5.1 Volume

Volume can be altered when the game is in the Sound state (the sound options screen). The volume control affects the soundtrack separately from the rest of the sounds.
5.2 Sounds

The sound effects and their triggers are noted below.

5.2.1 jet

Sound of Player Token jets firing. Triggered by altIncKey, altIncKey2, altDecKey, or altDecKey2. Uses a flag to keep the sound from repeating continuously.
5.2.2 music

Soundtrack during game play. Runs during the Playing State.
5.2.3 proximity

Sound when Enemy Token is nearby. Triggered whenever a Token causes damage.
5.2.4 goal

Sound of goal accomplished. Triggered when Player Token intercepts Goal token.
5.2.5 gameover

Sound of game over. Triggered by events that change state to Played.
5.2.6 dipProtestOut

Sound of war breaking out (countdown followed by nuclear explosion). Triggered by dipKey when Diplomatic Protest is exhausted. 

5.2.7 dipProtest[number]

A Diplomatic Protest Sound (chosen randomly among multiple sounds). Triggered by dipKey.
6. Logical View

Understanding the Logical view is critical to understanding the following views. The Logical view defines each object in each software product, their attributes and the methods defined on them. The names used in this Logical View shall be the same names used for the corresponding objects in the source code, unless a non-object-oriented language and architecture is chosen. If the chosen language does not support the names in this document, then the names in the document shall be changed. 
Refer to the Code Comment Web Report for descriptions of the classes and their members.


7. Data View

The game Levels are created in a Microsoft Access Database which is exported into XML. Orbital Incident reads this XML into memory to create the Level. A Goal token is created within the application, to ensure that each Level has an ending.
7.1 Data Fields

The following are the fields and data types which must be included, labeled exactly as shown.
7.1.1 Level

Integer. Level the Token is associated with.
7.1.2 Mesh

String. Mesh file to be used for the Token model. Material information and texture locations are contained within the mesh file.
7.1.3 X, Y, Z
Integer. Starting position of Token times 100.

7.1.4 Appearance

Integer. Time of appearance.
Note that the following fields are each associated with a particular mesh (via join query) in the Access Database, but an XML file could be created which does not.

7.1.5 Speed

Integer. Speed of Token times 10.
7.1.6 Scale

Integer. Scale of Token times 10. Meshes are normalized to an equal size before this value is used.
7.1.7 Damage

Integer. Damage of Token times 10.
7.1.8 Smart

Boolean. Whether the Token is a Smart Token.
7.1.9 Mission

Boolean. Whether the Token is a Mission target.
7.1.10 EndsLevel

Boolean. Whether the Token can end the Level.
8. Size and Performance 

The major performance goal is that the game achieve a frame rate of at least 30 frames per second on the stated minimum hardware. It should achieve 60 frames per second on the recommended hardware configuration. The hardware requirements shall be determined later in the process.

The program must be able to run on Windows 98 (a popular version of Windows) or later versions (not including Windows NT or Windows 2000). 
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