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I. Background
Super Pong will be a video game. The main purpose of this video game will be the same as any other video game, to waste time. I have chosen this project so I may gain more insight into the creation of a video game. Topics that I hope to learn from creating Super Pong include the use of DirectX, experience in creating an Artificial Intelligence algorithm that can be modified for varying difficulty levels, experience in creating various physics models, and to develop methods to increase the fun-factor through manipulating these methods.

II. Thesis Overview

Super Pong will be a video game, much like the ancient game with which everyone is familiar. There are two paddles, one on the left and one on the right, of the board. Players try to hit the ping (the ball) past their opponent to score a point. The game will be implemented as either a one or a two-player game. The one player game will have three different difficulty levels, and the two-player game can be played on the same computer or over a network with a direct connection to the foreign computer or to a server program.

The game will also have many options that the user can set. These include the colors displayed, the sound effects, the boards, or the physics that controls how the ping behaves when it contacts an object.

III.
General Description

Due to the high-cohesion and low-coupled nature of video games, Super Pong will be designed using a modular technique. The main module in the game will be the game loop/control module. This module will maintain the game’s states and call the other modules when they are needed.
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Super Pong will run in a finite loop, as detailed in Figure 1: State Transition Diagram for a video game.

Video games begin in the Game Init State. In this State, the program requests resources that the game will require from the system, and hopefully, the system will reciprocate and grant these resources. In Super Pong, functions contained in this State concern setting up the various DirectX components (including DirectDraw, DirectInput, DirectSound, and DirectMusic) and initializing variables. DirectPlay is not set up in this section, as it will only be initialized if the user requests a two-player networked game; therefore, DirectPlay initialization will take place in the Game Menu State.

Options that the user would be able to access while in the Game Menu State include (but not limited to) changing between a one or two-player game, changing the sounds that are played, the colors of the board, accessing the help file, starting a new game, and ending the program.

Outside of controlling the menu, this state will also be concerned with handling Window specific calls. These calls could include, but are not limited to, activating and deactivating (restoring and minimizing) the Super Pong Window, handling dialog box controls, and validating the window (making sure all graphic objects are where they are supposed to be). Due to the multi-talking nature of Windows, these tasks can (will) be accessible regardless of which state the game is actually in.

The Game Starting State is responsible for setting up a new game. This includes resetting player one and player two’s scores, ensuring that all variables are initiated and valid, and moving into the Game Running State.

The Game Running State is the most important and largest of the Game Loop/Control Module. This state is responsible for calling all of the other modules in their turn and ensuring that all data is valid. If an error occurs during this state, the program will be aborted and the Game Exit state will be entered.

Following the completion of a game (a player scored the required points), the program will enter the Game Restart state. In this state, a winner will be declared and all variables will be reset to their values for the Game Menu State. This state can easily be thought of as the “anti-Game Starting State,” as it undoes what is done during the Game Starting State.

When the user quits Super Pong, the program will enter the Game Shutdown State so all resources acquired during the Game Init State can be returned to the system. Like the Game Restart State, Game Shutdown reverses the actions of Game Init.
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Figure 2 shows the inter-relationship between the Game Loop/Control Module and the other main modules in the game. These other main modules include the Physics Module, AI Module, Input Module, Menu Modules, Video/Graphics Module, Audio/Sound Module, and Network Module.

The Physics Module is the most important portion of the program. Without this module, nothing will happen. It is responsible for tracking the positions of the objects (paddles and ping) and the ping’s velocity. When the ping makes contact with a portion of the board, the Physics Module determines the affects of the collision, and when ping nears the left or right side of the board, this module determines if the corresponding paddle is in position to rebound the ping or if the other player scores a point. Data received from the Control Module includes what physics type has been selected from the user, and data passed back to the Control Module indicates when the game state needs to be changed from Game State Running to Game State Restart.

The AI Module is only accessed during one-player games, as it is responsible for calculating the movement of the computer player’s paddle. The ping’s location and velocity information is collected from the Physics Module to calculate where the computer’s paddle should be. Then, this module moves the paddle to this position and updates the Physics Module with the paddle’s position. Data received from the Control Module details the difficulty (amateur, standard, or expert) set by the user.

The Menu Module is accessed and manipulated through by the user’s input from the Input Module. This module is responsible for setting up user customizable options such as turning off sound effects and music, selecting between one or two-player games, changing the physics type, changing the board, etc.

The Input Module is responsible for receiving input from the user via the keyboard. These inputs are used to start a new game (move from the Menu State to the Game Starting State), quit the application (move from the Menu State to the Game Shutdown State), access the menu, or move the human players’ paddles.

The Video/Graphics Module is responsible for drawing the graphics on the screen. Data is received from the physics module, which details the locations of the objects, and the graphics module draws the objects in these positions.

The Audio/Sound Module is responsible for playing sound effects and music while the game is running. Information received from the physics module is used to determine when the ping strikes a wall, one of the paddles, or when a point is scored. When one of these events occurs, this module plays a sound, providing the user has not turned off the sound. If the sound were to fail to load, this information is passed back to the Control Module to ensure that the error is not encountered again and to keep the game running, just without a particular sound effect. Also of note, sound effects are played using files in wave format, and music uses files in the midi format.

The Network Module is responsible for setting up a peer-to-peer connection over a TCP/IP network. This connection will be asynchronous, and it will communicate the ping and paddle positions and ping velocities for each frame of animation. The Network Module will use the DirectPlay API, which does not guarantee the arrival of all packets; therefore, the network module will also utilize portions of the Physics Module to guess at object positions if packets are dropped. Another problem that may result from dropped packets are the un-synchronization of frames; therefore, during a networked game, frames will be numbered to ensure both sides of the connection display the same video frame and to avoid information from two separate frames being combined into one frame.

As an example of how the main modules work together to run the game, the data flow when using a non-standard board will be analyzed. The Non-Standard Board Module is first called during the Game Init State. At this time, an array of lists is initialized with data representing each non-standard board element (list elements) for each board (represented by each array element). Once the array of non-standard board data is initialized, this module is not called again unless the user selects a non-standard board.

Once the user selects a non-standard board, the non-standard board module will call the Graphics Module during the Game Menu State and Game Running State to draw the elements of the selected non-standard board; however, the Physics Module is only called during the Game Running State. The Physics Module when called by the Non-Standard Board Module only tests the non-standard board elements against the location of the ping and its movement. If a collision occurs between the ping and a non-standard board element, the Physics Module will also redirect the ping in a manner consistent with the physics model selected by the user. In the event of a collision, the non-standard board module will also call the Sound Module so a sound will be played to provide an added dimension to the on-screen action.

IV. Component List

Since testing of the required processor or memory requirements have not been done in excess on Super Pong, the required hardware is not readily available; however, it is guessed that any modern computer (233 MHz Pentium II with 32 MB of RAM) should be able to run the game with an acceptable frame rate. One hardware deficiency that has been noticed though is if the video card does not have adequate on-board video memory serious degradation is possible. For “good” results, on-board video memory should be large enough to handle a single video frame. For Super Pong, a single video frame is 800 pixels wide and 600 pixels wide with 1 byte of color data for each pixel. To do the math, video memory should be at least 468 KB with a DirectX compatible video card. For optimal performance, the video card should be able to fit two of these frames in video memory, so 1 MB of on-board memory on a DirectX compatible video card would be required.

In relation to DirectX, Super Pong was created using the DirectX version 8.1 SDK. Therefore, DirectX would be required on a system to run the game; however, version 8.1 is not required. The graphics were written using DirectX version 7.0. The Input Module utilizes version 8.0; however, no advanced functionality was utilized, so version 3.0 or greater should be acceptable. The Sound Module was written with version 8.0 in mind; however, this is not a critical module, so if the system does not have this version installed, the game should still operate properly but without sound support. In essence, for the user this means that DirectX version 7.0 or greater is required to run Super Pong due to the Graphics Module. To get the game’s full potential though DirectX 8.0 would be required.

V. Time Schedule

05/14/04
Prepare ‘Purpose Presentation’ to be given in class on 05/19/04
Begin groundwork on the creation of the program
Design window

Research GDI graphics

Have a demo program running

05/21/04
Research DirectDraw

Create a two-player hot seat game using GDI graphics and two different physics models (True and Crazy as described in Purpose Presentation)

Create this document
05/28/04
Continue to research DirectDraw
Design and implement sub-windows (sound selection, about dialog, board choosing, etc.)
Implement sound effects
Implement customized sound selections
Note: At this point, the game is still using GDI graphics.

06/04/04
Implement DirectDraw
Design five other pre-configured boards
Begin research of DirectPlay (note: DirectPlay may be used instead of WinSock as described in the Purpose Presentation)
06/11/04
Implement AI model
06/18/04
Test AI

Create ‘Pool Table’ physics model

06/25/04
Design, code, and test ping motion physics (ping rotation)

Complete DirectPlay research

06/02/04
Begin implementing DirectPlay

07/09/04
Finish implementing and test DirectPlay

07/16/04
Design, code, and test custom board creation program

07/23/04
Implement and test custom board swapping in multi-player game

07/30/04
Test AI with all added features/physics models

08/06/04
Write server program (if time is available)

Finish components that were not completed on time

08/13/04
Complete all remaining components as time allows

Final beta testing for expected completion date of 08/18/04

08/20/04
Write the final report

VI. Acceptance Testing

To ensure the accuracy of Video and Physics Modules, testing will be accomplished through mathematical proofs and observing the game while running. To ensure errors that may result from variables not being initialized properly, code is present to notify the user when data is inaccurate or inconsistent. In addition, a number of play testers have been employed to test the game while running to ensure that problems that may have been overlooked by me are given a second look. Another goal of the play testers is to test and give feedback on the playability of the game (are the controls intuitive, are difficulty levels adequate, etc.). Additionally, the play testers will also give me the opportunity of testing the game on multiple systems with varying processor speeds, video cards, memory, etc.

VII. Assignments of Team Members

The design, creation, coding, debugging, and implementation will all be accomplished by me, Andrew S. Dunsmore. In support of error detection and game-play testing, I have enlisted the aid of some volunteers for the purpose of play testing Super Pong on various Windows-based platforms. The volunteers are:

Katherine B

Anthony D

Yolanda G

Seth O

Corey B

(Note: Last names have been omitted from the web version of this document)

IX. Summary
Super Pong will be a game that will support an advanced graphics and sound effects that is playable on any Windows system that has DirectX 7.0 or greater installed. The game will also have numerous options that can be changed by the user. These options can enhance the look and feel of the game (changing colors or sound effects) or increasing the playability of the game (multiplayer support, different boards, or different physics models). Since this project has a short time schedule, numerous features have not been addressed that may be added in the future as a “new feature patch” to the game described here.










































