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This paper first presents our preliminary design, including use cases and risk analysis.  We then move to a description of our final product, including the overall design and testing.  Finally, we describe current known problems and future enhancements.

Preliminary Design

Our original concept was to create a space shooter game similar to such arcade classics as Galaga or Space Invaders.  Essentially, a lone player flying through space confronting a stream of enemy ships in various patterns.  In the spirit of such games, we wanted weapon power-ups and a boss at the end which is significantly larger and harder than a standard enemy.  We wanted the screen to scroll, forcing the player forward to ensure constant action.  These are our original use cases written before we started any work on the project:

Game Play: The player will be navigating a ship through space. The player can move right, left, forward, back, and can shoot. The screen is the boundary for movement, and scrolls independently of the player's position. There are rings that the player can go through to pick up various bonuses. The player must progress through the level destroying enemies and picking up power ups.

Controls: The player will move by pressing the arrow keys. Pressing two arrow keys, such as up and left will cause the player to move on a diagonal. Pressing the space bar will shoot, and there will be keys to switch between weapons (either z/x to scroll or z/x/c/v to actually choose a particular weapon). 

Rings: There will be rings positioned throughout the level, centered on the xz plane. Each ring will be associated with a specific bonus, such as score, weapon power ups, or extra ammunition. To get these bonuses, the player must navigate through the ring without colliding into it. 

Enemies: The enemies will also be space ships that will move on set paths through the world. They will be able to shoot, which will be determined either by their position or time since they last shot. 

Shooting: The only way to destroy Enemies is to shoot them. Different enemies will require a different number of hits before they die. If the enemies shoot you or you collide with them, you will die.

We felt confident we could implement our basic mechanics described in the use cases.    Consequently, our risks mainly focused on the additional features we wanted to add, namely the boss, complex models, sound, complex graphics, and multiple power-up types.


From the beginning Adam Kangas suggested that since we planned on implementing our game in 3D using OpenGL, it would be easy to implement two different viewing mechanisms: one the standard overhead view typical to the space shooter genre; the other as a behind the player view showing a perspective of the advancing enemies coming toward the player.  It was not much of a risk to implement this mechanism because it was a simple camera perspective change.  However, it was somewhat risky whether this feature would add much to game play, or whether we would need to design the game with this concept in mind.  In the end, we implemented this feature without changing much and it offers a very novel, fresh perspective for the game.

Implementation and Testing

As we built the game, we followed closely the design pattern of always having a working prototype.  Our initial attempts were focused on working out the basic mechanics: we drew a simple sphere on the screen which could move around.  From there we added the firing mechanism and the bullet tracker.  We then added support for enemy types, focusing first on making sure the bullet collisions worked, then detecting player-enemy and enemy-enemy collisions.  Then we integrated DirectInput with our classes so that the player is controlled by arrow keys.  Next we added rings to the mix and implemented the scrolling mechanism.  Only when all of this basic framework was established and the game mechanics were known to work did we start to work on 3D model loading, explosions, particle effects, and music.


Our testing followed easily from our development model.  Starting with the basic player movement, we only moved to the next stage of functionality after we had thoroughly tested the current system.  Our game mechanics and operation were well-understood by the team, so we knew for instance that the player needed to be able to move in all eight directions on the screen.  We could visually inspect almost every game item once they were drawn, so lots of things could be tested through operation of the game.  For instance, to test bullet collisions with enemy ships, we turned the enemies red when they had been hit by a bullet.  Since we could see the player, the bullet, and the enemy on screen, it was clear that bullets and collisions were operating properly when the enemy turned red on a hit.


For the more subtle later additions, specifically the file loaders, we often needed to do detailed debugging traces of the code to verify our data structures and file formats.  This generally occurred by writing the files out in the format we believed the loader was going to read, then stepping line by line, inspecting both the input and the updated data structures.  This way we found bugs in the loaders and incorrectly formatted input files without spending too long.

Final Design

The previous sections have described our process and initial design concepts, so this section will focus on how everything fits together rather than how it came to be.  The key component is the UML diagram on the next page:

[image: image1.png]World
spsse;
s Player
i EoeDOWNO
. ‘moveLEFT()
—, atRing0; =0,
cTimer prosesastous; 1| adsscore(int amonm)
—— [O— S0
Scisestoasa;
mscquseRaybodl;
ICFont|——) taiicieso, K>— Enemy
SedE(Bl et pyen
H ‘addExplosion(float x, float y); 7 e, it )

g

[Explosion| [CStarfield] [ Ring Ship
) e il seacin0;
b sty | | 2250 ;:;_‘W"““‘O;O..x)
et | [ e -
%7 : S
damaged;
e -
|CParticleSystem A . e
Upsat(fioat time); TriangleMesh 290
Render(:
Emiit osParicts);
p— ) ]
Fasyen0; [Tuple]  MilkShapeFileLoader




Figure 1: UML of essential structural classes for final game.

As should be clear from Figure 1, the overall coordinating class is World.  In order to support DirectInput and DirectSound, our game is a Win32 application, but most of the actual game framework is run through World.  Indeed, the only object the Windows code interacts with is World.


The central physical items of interest in the game are Ships and Rings.  Both Player and Enemy inherit Ship, which provides the basic functionality of health, movement, position, as well as containing the TriangleMesh which represents the model for that Ship.  The Player extends Ship to include a score and support for movement specified by the user.  Enemy movement is accomplished through a list of data-structures called Zig, which maintains a velocity and duration.  The Enemies move along predefined paths according to their list of Zigs, which are repeated when the sequence is complete.  This offers a very general mechanism for enemy movement.  In addition, an Enemy fires its weapons when completing each Zig.  The Rings maintain their position rotation information, and keep track of whether the player has already passed through them, to prevent flying through a ring multiple times and receiving unlimited bonus points.


When either the player or the enemy ships fire, they call World.addBullet, which adds a bullet to the World's global list of bullets.  World is responsible for tracking all the bullets and detecting collisions between bullets and ships.  Player and Enemy bullets can easily be distinguished in this scheme because Player bullets fire up and Enemy bullets fire down.  We used this property to prevent Enemy bullets from harming other enemies.


In a close analogy to bullets, when a Ship is destroyed, it calls World.addExplosion, which adds an explosion event to the World's list of explosions.  Each explosion is a small particle system which tracks the exploding bits of that particular explosion for a finite duration, changing colors and such until the timer runs out and the explosion has ended.


As should be somewhat clear from the above description, World operates the main game loop known as update().  This function checks for some special end conditions, such as the player's death, the location where the boss needs to be loaded, and ending the game when the boss has been killed.  If none of these conditions are present, update() moves on to detecting collisions between the various objects that are currently on screen.  Once collisions have been handled, we delete any extraneous bullets that should be deleted.  After that we move all the objects by a small time increment.  For bullets and ships, this means moving along their current velocity vector.  For rings, this means spinning some in place.  After that we, move the scrolling mechanism up the screen a bit, process any keyboard commands from the user, and lastly perform some final sanity checks.  This is the essence of our game.


The other main coordinating task for World is to make sure everything is drawn properly.  This essentially means going through the lists of Enemies and Rings, drawing each; drawing the player; drawing and updating the explosion effects.  The last important thing to mention is our Starfield particle system which draws a stream of stars to simulate flying through space.


World uses DirectInput for reading in key commands, which we needed to support  using multiple keys at once.  Also we play a MIDI song in a loop in the background using DirectSound.  The sound is initialized at the load of the game and is not really interfered with at all from there.

Known Bugs

The game is pretty solid, with no show-stopping bugs.  Absence of key game files is not handled as gracefully as it could be, but this should not be an issue with a correctly installed game.


A relatively important bug is the inability of the game to resize the window.  Our game largely relies on a constant grid and we did not implement scaling for the window or our data.  We would like to change it so that window resizing is not allowed.


A small bug is the ability for the player to move off the screen to the left or right at the very bottom of the screen.  This does not occur when not at the very bottom and the player can easily move back onto the screen.


While not a bug exactly, the squid-like enemy has a much large triangle count than the rest of our models and suffers performance problems due to its complexity.  We have tried to limit the number on-screen at any one time, but we would like to rework the model to use fewer triangles.

Future Enhancements

Since the basic engine is in place and fairly extensible, our plans for future enhancements mostly concern adding more stuff.  We would like to have more levels with different enemy types.  We would like to have different types of rings bestowing different sorts of weapon bonuses also.


Since the main measure of progress in the game is the score system, we would like to implement a persistent high score table so users can try to best their own scores.  Also, multiple players would not be difficult to implement either.

