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This paper will cover our overall design principles, our specific implementation, the results of our testing, known bugs in our game, and future enhancements we or others could make to the game.

Design Goals

We were assigned to create a three dimensional miniature golf game using the OpenGL graphics library and physics engine written from scratch.  In the design and development of our game, the central goal at any one step was to keep things as simple as possible.  This allows us to better understand the system while it was developing, as well as providing great agility in changing central parts of the system.


The schedule for development was largely driven by the milestones required by the class, our customer.  Every week or so we needed to have certain functionality implemented and a reasonable plan for accomplishing the next step.  Given the plasticity of these milestones, we avoided providing unnecessary or superfluous features.  If the specifications changed suddenly we were in a good position to respond quickly.


From an object-oriented development perspective, we strongly emphasized the composition over inheritance design principle.  We never used inheritance, instead focusing on interfaces between largely unrelated objects.  This was a great benefit for quick changes.  For example, we were provided with a textured ball class quite late in the development process, but we were able to easily integrate into our existing framework by simply making the provided ball a member of our own Ball class.  None of the rest of our code needed to ever know we switched to the textured ball.  In fact, the only real changes that needed to be made were in our Ball drawing code, and those were fairly limited.  We let the code do its work unchanged, simply providing a basic wrapper around the drawing and positioning code.

Final Design

We have included a complete UML diagram our game as Fig. 1.  Central to the whole system is the rather omnipotent World class, which acts as the central game engine.  The OpenGL and other framework code only ever interacts with the World object, and then in a fairly limited manner.  World contains all the objects in the game, most notably the single Ball object and a large list of Triangles which comprise the course.  


We intentionally kept the Ball and Triangle classes simple and largely ignorant of each other, instead mediating collisions through World.  Thus, Ball keeps track of its velocity and position, and can plot its own path given a time-step; Triangle record its vertices, can standardize itself, and provide the normal off the face if needed for collision response.


We have a few auxiliary objects for the game aspect our design, again contained in World.  First is the Camera class which handles positioning of the user's viewpoint.  The Camera is able to follow the Ball as it moves automatically, as well as be repositioned by the user with a mouse.  The Timer class provides a fairly primitive but effective timing mechanism which allows our physics engine to operate at a set, real time-step independent of the host machine's speed.


With the general framework introduced, we will now go through a description of how the system actually operates.  On load, World reads in a scene from disk.  This scene is in a somewhat simplified version of MilkShape 3D ASCII format.  Once the scene is loaded, we position the Ball at the start of the hole.  We are now in one of the two modes of general operation, waiting for the user to strike the Ball.  At this point, the Ball is stationary and no collision detection is occurring.  The user can use the left mouse button to rotate the GolfClub around the Ball and the right mouse button to move the camera perspective (see the user's guide for full details).


When the user hits the ball, we switch into collision detection and response mode.  Here the user can only move the camera around as it tracks the Ball's movement.  Each idle() in OpenGL calls update() in World.  Update() is heart of our game engine.  It gets  path from the Ball based on its current trajectory.  It next checks all faces, edges, and vertices for possible collisions, recording the collision which would occur earliest in the projected path.  After all collisions are checked for, we check if the Ball has moved into the hole, indicating a win.  If not, we move the Ball along the fraction of the path allowed before a collision.  During the collision detection phase we kept track of the normals of collision so we can properly update the Ball's velocity if it collided with something.  Updating the velocity includes a call to Ball.steady() which keeps a counter of sequential small movements.  After a large number (hundreds) of these have occurred, we stop the Ball and return control to the user for another swing.

Testing

Once our collision system was implemented, we spent several days testing various collisions by hand.  This was greatly eased by our interface which allowed quick repositioning of the Ball and the Triangles to allow for a multitude of different scenarios.  We encountered quite a few bugs in the early testing.  Included in the bugs we discovered where deficiencies in the provided methods for face collision detection which we found while working with Prof. Sweedyk.  Our initial round of testing did not include collision reponse, so we could easily see where collisions were occuring.  This method is perhaps not as rigorous as a complete and automated testing of every possible combination of trajectory and impediment.  However, a actual person on our team was examining each test, instead of just letting a computer run for hours without truly inspecting what was going on.  In the end we are happy with how our detection performs and have not encountered any bizarre or incorrect behavior.

Known Bugs

We have done our utmost to avoid any show-stopper bugs, but there are a few elements of concern.  One of the most glaring is a slight hiccup in performance while the Ball is moving.  We have played around with the timing mechanism, but we have not isolated where our problem is.  Careful profiling of the system under operation would likely yield good leads in tracking this problem down.  If we were to use our physics engine in our next game, this would be a good problem to tackle.


Second, our camera has some strange positioning issues.  The camera code Prof. Sweedyk provided assumes it will remain stationary at the origin or at least quite close to it.  As it is, the camera works great at the start of the hole, but as the Ball moves away from the origin, the camera loses it's ability to stay centered on the ball and make full 360 degree rotations in all directions.  We spent a while with Prof. Sweedyk trying to get the repositioning to work correctly, but ultimately ran out of time.  As it is, the camera follows the ball and allows for rotation, but it does not act the same at all times and is somewhat annoying for the user.


Third, the power bar is tied to the OpenGL idle() function rather than our own internal timer, which is not operational during the swing mode of operation.  This means the power bar is not consistent across computers.  A simple fix would be to provide a timer for the swinging mechanism, but it works quite well as is.


As a quick note, the Ball has a tendency to fly off the course if struck fairly hard going up the ramp.  This is not a bug per se, since there is no missed collision, but it's probably too easy to go flying.  An increase in the power of gravity could perhaps provide a bit more realistic response.

Future Enhancements

Time and logistic constraints forced us to scrap our complicated course scene in the last few days of development.  If we had a few more days with MilkShape, we are confident we could have developed a bit more interesting scene.  We already have texture loading working for the next iteration of our physics engine, so improving the graphics would be fairly trivial.  In a similar vein, more holes and variety would make the game much more interesting without requiring much new code at all.  Finally, adding support for multiple players would really add another dimension to the game.  To do it right, this would require implementing sphere collisions, which would be non-trivial but not particularly complicated.
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Figure 1: UML diagram

