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A Game of Space Combat
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Revision 0.2

Celestial Bodies Team:
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Alex Peterson
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Project Goal

The goal of the “The Cassini Division” project is to develop a fun yet quasi-realistic space combat simulator.  The game will be multiplayer, with up to four players, each controlling a single spaceship outfitted with lasers and torpedoes.  Players must build a ship that can destroy their opponents’ ships to win.  The environment will be set within the rings of Saturn and involve orbital debris that must be avoided.

Story

In the year 4455, a scientific outpost lies nestled within the B-Ring of Saturn.  The researchers on board are studying the feasibility of extracting metals and fuels out of the rings and Saturn itself.  Life for the scientists and the other crewmembers can get a little dull, as Saturn’s scenery never changes and the supply ships are few and far between.  Yet the dedicated volunteers who made the five-year trip try to make the most of things and break up the monotony any way they can.  So every month, the space colony orbiting Saturn divides their crew of scientists, engineers, and technicians into teams.  Each team’s purpose is to build, following a set of predetermined rules, a remote-controlled spaceship for the sole purpose of destroying the other teams’ monthly contender.  The ships are built from the abundant resources mined around Saturn, as well as old supply ship parts (for which the captains and crews of the supply ships are paid handsomely).  The winners get a sizeable cut of the booze wagered in bets, thus ensuring some very motivated competition.  The competition can get so intense that the crew has begun jokingly calling the game “The Cassini Division”.

General Game Play Description

The players don’t have to spend weeks constructing their ships; in fact, they only get a single minute with which to do all their customizations before the match.  They do, however, get the full experience of controlling the space ships in battle.  Half the challenge will be dueling with one’s opponent, which will take place from a “first-person” view of the remote-controlled camera on the ship.  The other half will be maneuvering the ship, as the game will feature realistic space physics.  Players will find that maneuvering a ship in a vacuum with thrust engines is not like flying a plane, and those who accelerate too freely will find themselves crashing into the ice and rock boulders of Saturn’s rings.

Ship Strategy Customization

The player has four ship customization options that can each be adjusted between ranged values.  The first three options have mass and volume and are the amount of armor, the amount of fuel, and the number of torpedoes the ship will carry.  All ships must have the same volume, although not all of the volume must be used.  The ships can carry as much mass as they desire as long as they do not take up more volume than aloud.  The last option is the laser frequency.  A higher frequency does more damage to the ship’s armor, but a lower frequency interferes more with the ship’s remote control system, making it harder to pilot.  Those are the only four strategy elements that can vary.  The laser cannon, engine, remote control system, ship’s camera, thrust port locations, fuel type, and torpedo design must conform to the rules of battle established by the space station’s community over the years (non-standard components are allowed for training battles only).

Customization parameters (note: no parameters values are final)

Max volume = 100 cubed meters

Fuel unit volume = 1 cubed meters

Fuel unit mass = 10 kilograms

Torpedo volume = 1 cubed meters

Torpedo mass = 10 kilograms

Armor unit volume = 1 cubed meters

Armor unit mass = 10 kilograms

Minimum fuel = 8 units

Minimum torpedoes = 4 torpedoes

Minimum armor = 4 units

Minimum volume = 8 * 1 + 4 * 1 + 4 * 1 = 16 cubed meters

Minimum mass = 8 * 10 + 4 * 10 + 4 * 10 = 160 kilograms
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Overlay for ship customization screen.





Ship Appearance Customization

Ships are allowed to have different appearances, however.  The player will be able to choose from four different ship models, each with four different color variations of the hull and ship lights.  These options will have no affect on the game mechanics (including collision detection), and are purely for the player’s visual pleasure.
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Current model of ship with parts of hull removed. [image: image4.jpg]Sketch of ship type 1
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Ship design type 3.




Ship Mechanics

Both the laser cannon and the thrust engine use the fuel carried on the ship.  Lasers and torpedoes are fired from right next to the ship’s single camera, which is located in a fixed position in the middle of one side of the ship, the same location for all ships.  On the directly opposite side of the ship from the camera is the main thrust port, which is used for translating the ship’s position.  Smaller, directed thrust ports on the sides of the ship allow pitch and yaw rotations.  Since the camera, weaponry, and main thrust port are in fixed positions, rotating the ship is used to look around with the camera, move into a firing position, and also for directing acceleration.  How fast the ship can pull off these maneuvers depends on its current weight, which will change dynamically as torpedoes are released and fuel is used.  Armor will not change mass, however.  It is assumed that torpedoes and laser fire will only melt holes through the hull to the fragile innards.  The ship’s armor is assumed to be spread equally around the hull, and, to make things simpler for implementing ship damage, it is assumed that all the armor is everywhere at once.  In this way, damage to the ship from any side causes the total amount of armor protection to go down.  Once the total amount of armor protection reaches zero, the ship is destroyed.  Components like thrust ports and cameras cannot be targeted, and any damage hitting those components acts like it hit the ship’s armor.

Ship parameters
Camera horizontal view angle = 90 degrees

Camera vertical view angle = 67 degrees

Engine force = 100 Newton’s

Fuel unit main thrust time = 20 seconds

Fuel unit rotation thrust time = 120 seconds

Fuel unit laser time = 10 seconds

Armor unit protection = 100 hit points

Laser Mechanics

Laser energy moves at the speed of light and the battle arena is constricted.  So the delay between the laser being fired and it reaching a target is negligible, and will be approximated as instantaneous.  The laser causes damage and/or disruption as long as the laser beam is applied to the target.  Again, the frequency of the laser affects the amount of damage and/or disruption per unit time.  Dissipation of the laser beam over distance is also a factor.  The laser beam’s effects are greatest when the enemy ship is nearest, and the effect decreases the farther the target is.  As is the case with damage, disruption effects do not depend on where the ship is hit by the laser beam.  Disruption affects the responsiveness of all controls and the amount of static the camera’s signal has in it.  The laser cannon heats up whenever it is used.  It will slowly cool down again unless it overheats, at which point it will stop cooling and become unavailable to use for a short time.  

Laser parameters
Laser damage per second = 50 hit points

Laser heating per second of use: 20 degrees

Laser cooling per second not used: 4 degree

Laser overheating temperature: 200 degrees above normal

Laser overheating timeout: 5 seconds

Torpedo Mechanics

Once released, a torpedo acts as a separate entity.  The torpedo fires its main thrusters constantly until they run out, but until that time the player can control the pitch and yaw of the torpedo using smaller, tangential thrusters.  Each torpedo has a small, low-grade camera on its front and a remote control system just like the ship does.  The player maneuvers the torpedo using separate controls.  The feedback signal from the torpedo-cam is displayed in a small screen in the bottom left-hand corner of the same screen that is picking up its mother space ship’s camera signal.  In addition to being able to turn the torpedo, the player is able to detonate the device at any time.  The resulting explosion of shrapnel and energy can quickly tear a space ship’s hull apart.  The closer a ship is to the torpedo when it explodes the more of the blast it is exposed to, and thus a ship closer to the blast center takes more damage.  Torpedoes auto-detonate whenever they hit a solid object.  Torpedoes may collide with other torpedoes, and lasers can eat away a torpedo’s armor until the explosives are breached and detonate prematurely.  The small torpedoes will make hard targets, however.

Torpedo parameters

Torpedo blast damage = 4000 to 0 hit points using a linear gradient over the distance from the center of the blast up to the radius

Torpedo blast radius = 15 meters

Torpedo armor = 200 hit points

Arena Environment

The arena’s boundary is an imaginary sphere in orbit around Saturn.  The sphere is centered on the “Home Base”, the science station outpost.  The outpost is within a part of the B-Ring near the Maxwell Gap’s outward edge relative to Saturn.  For our purposes we will assume that the small debris does not exist, and will not render any small debris.  The diagram below shows a view of the arena from above the B-Ring.  
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Saturn’s rings are very flat, so our space debris will be arranged in only three ‘layer’, the middle layer is the plane shown in the diagram.  The cyan line shows the arena’s imaginary boundary.  If any ships pass this boundary, they become completely unresponsive to input and will engage in an automatic maneuver directly back to Home Base, if there is enough fuel to do so.  If not, the ship is lost forever and is considered destroyed.  If, however, the ship crosses the arena boundary again, then control of the ship is returned to the player.  The turquoise line represents the imaginary boundary for rendered objects.  Nothing but backdrops is displayed past the rendering sphere.  Realistically, the debris closer to Saturn moves slightly faster relative to Home Base, and the debris farther away creeps a little slower, seeming to fall behind the station.  Despite this we will not have any of the debris move in relation to Home Base and the arena.  The debris will only slowly spin in place.  The rendered debris stretches outwards away from Saturn, but very far towards it, since the Maxwell Gap soon starts.  The players’ ships start on opposite sides of Home Base, exiting from the station along the axis that Home Base and the other debris move along.  Thus the players start unable to see each other, and must maneuver to engage.  In the case of three or four players, the ships are still aligned on the ring’s plane, but equidistant from each other and close enough to Home Base that the station obscures the view to the other ships.  Hitting any of the large debris, including Home Base, will cause damage to a ship.  The amount of damage dealt is proportional to the velocity at which the ship impacts the debris.  If the ship does not blow up, it will rebound as if a partially elastic collision has occurred.  It will be assumed that the debris will be massive enough that any collision effects the debris’ orbit by a negligible amount, rounded down to zero.  Ships may also hit one another for the same effect.

Environment parameters

Arena radius = 1000 meters

Render radius = 2000 meters

Debris radius range = 25 – 100 meters

Debris separation range = 100-400 meters

Number of debris boulders distributed within arena boundary = ~20

Number of debris boulders distributed within render boundary = ~80

Visuals

The science outpost is nestled in and between several large boulders brought together as a shield for the space station.  The station itself is lit up like a Christmas tree amongst the many massive chunks of ice and dirt.  These behemoths float eerily across the station’s view of the gas giant, lit brightly on one side by the sun and lit dimly on the other side, which receives the light reflected off Saturn and the other ice giants.  Saturn itself dominates one side of the space station’s view, but the stars dominate the rest.  All around the station are the gently drifting rings, like a swirling waterline of dust.  The sun is noticeably smaller to look at than from an Earth orbit, but it can still be clearly seen just above the ring ‘waterline’.  We will assume that, during battles, the space station is closer to the sun than Saturn.  In battle, the Sun and a low, ambient light will light the ships.  Shadows will not be rendered.  Thrust from a ship or torpedo will be very visible, and the laser beams are calculated as part of the remote-control interface system and displayed as colored lines on the screen.  Torpedo and ship explosions will be shown.

Heads-Up Display

The heads up display or HUD will include several read-outs necessary to keep the player aware of the state his or her ship.  Besides the laser estimations described above (actually rendered in 3D, unlike the rest of the HUD), there will also be three bars showing the ship’s current amount of armor protection, fuel, and laser cannon readiness.  Full bars mean that the player has nothing to worry about.  Empty bars mean, for the fuel and armor, that there is no fuel or armor left.  An empty laser bar means the cannon is overheated and cannot be used until it has cooled off for a time, after which the laser bar will gradually become more full.  The player can also look at the number of torpedoes he or she has left next to a symbol of a torpedo, and at any miscellaneous messages the HUD feels are important (these messages bolster the visual and sound feedback in the game).  A transparent cross hair will be always be visible at the center of the screen, and when an enemy floats on screen, it will be given a transparent halo to make it more visible to the player.
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Sketch of HUD.
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Battle sketch with all the HUD features, Saturn, asteroids, and an enemy ship.
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Player Interfacing

The interface between the player and the game is best described with the above Use Case Diagrams.  Only the mouse will be used to navigate the pre-battle setup, but during the battle the keyboard will also be used.  The mouse will be used to spin the ship in the direction of mouse movement, where the direction moved on the mouse pad is mapped to the direction to move relative to the screen.  The left mouse button fires the laser, and the right one fires a torpedo, as do the keys ‘k’ and ‘l’ respectively.  Pressing the spacebar down activates the main thrust.  The ‘w’, ‘a’, ‘s’, and ‘d’ keys spin a torpedo, if one is deployed, up, left, down, and right respectively.  The key ‘g’ is used to detonate a deployed torpedo.  Below is an example of a menu, in this case the first menu the player will see.  All the other menus will look similar, with a picture of Saturn in the background.  The customization screen will have a picture of the space station’s hangar in the background.
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Sound

Whenever a part of the ship is activated, be it the main thrust, spin thrust, laser cannon, or torpedo launcher, the resulting sound waves moving through the hull will be recorded through microphones.  These sound effects are transmitted back to the pilots at Home Base.  The microphones also pick up the sounds of melting hulls from laser fire, the sounds of explosions when torpedoes hit, and the crashing sounds of asteroid and ship-to-ship impacts.  There will be two music tracks that play in the program, to help drown out the loud silence of space.  One will play during the battles, and the other will play when the player is still navigating through menu screens and battle setup interfaces.  The music will loop continuously.

Layered Development Schedule and Assignments

Below is a chart of which team members are responsible for what.  A team member who is responsible for an assignment must ensure that all work on the assignment is completed, although the work may be assigned to other members.  Any work not listed on the chart is assumed to be the responsibility of the person whose general area of responsibility covers the work.  For example, unit and integration testing of networking would be Alan’s responsibility.  Work that cannot be classified under any one member is the team’s responsibility.  The first two layers must produce a working application, but a fully playable game will only come about after the third layer is completed.  The fourth layer is what we want to complete.  The fifth layer consists of components of the game that are not crucial to game play, but would help immensely in terms of adding to the game experience, bolstering the class grade, and for entry into the Independent Game Festival.
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Assessment

The game’s biggest strength will be its ability to put players in a world they have never truly experienced: space.  Players will be lured by the desire to become natural astronauts, to run circles around their opponents as their opponents accelerate out of control into the nearest orbital mass.  The immenseness of Saturn several thousand kilometers away and the sight of Saturn’s rings stretching out into infinity will immerse the player into the icy virtual world.  Fans of dog-fighting simulators will enjoy pulling off maneuvers in this game, as will strategists who will use the environment in their favor.  Our success will be apparent when, after a match, the winning and the losing pilots both demand a rematch.  The players should also improve their skill in space piloting the more they play.  If however, the players do not feel convinced that they are floating millions of miles from Earth, or if the players do not keep trying to improve their abilities in the game, then our design has failed.
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