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Program Description:
The aim of this project was to produce an application that fully utilised the PS2 hardware and demonstrated its capabilities. There were no restrictions on what could be produced, however the end result had to utilise the game pad for input and the vector unit 1 for vertex processing. The initial program proposed was an interactive scene containing various objects in which the user could move the camera using the joypad and change elements such as lighting using the buttons. However during the early stages of development it was clear that more options were possible given the frameworks provided by Fortuna (Fortuna, 2008) and the time available. Therefore the project was expanded into a full game demo to make the most of this opportunity.
The game produced is based on classic maze games such as Pac-Man (Trueman, 1999) or MazeWars (Anon, 2004). The player is placed in a procedurally generated maze and has to escape. This is accomplished by collecting all the treasure chests before returning to a ladder to escape. To add to the challenge a number of enemy creatures roam throughout maze that will attack the player. Notable features include the AI system used to control the enemies, the mazes that are generated at runtime, the ability to change difficulty and the interactive menu screens.
Program Structure:
The motivation when structuring this program was to encapsulate as much functionality within classes and then build the game out of interactions between these. This creates high cohesion with similar functions grouped together and low coupling as the individual classes are not dependant on each other. These are beneficial properties in a well structured program as they allow reusability of code and make debugging a simpler process. Classes in this code usually correspond to entities in the game, such as the maze, the enemies and so on.
The game is built on top of the Game Framework class provided by Fortuna (Fortuna, 2008). Alterations were made so that it works with the 3D framework however. This means the main functions only tasks are to seed the random number generator, create an instance of game framework class, initialise this object, start the game loop and then destroy the object at game termination. It is this object that represents the game and as such all the functions and objects needed are defined within.
The Game Framework class’ main role is as a state machine to control the game’s progression. The demo created has six states: splash screen, menu, level, win, lose and quit. During normal execution the player will encounter the first three in order followed by one of the last three depending on their performance. For each state there is an associated function that executes the correct behaviour. A variable is kept that records the current state, which is used by a switch statement to decide which function to call. A number of classes such as Font and the dwarf Milkshape class are also declared with this class. This is because their functionality is required within multiple states, so rather than have multiple copies, a single instance is created in the main game class which is then available to all. The game class is also responsible for setting up the basics for running an application on PS2, such as creating static and dynamic memory areas, uploading the vector program to vector unit 1 and initialisation of the render pipeline and control pad classes. The easiest way to describe the overall structure of the game is to break it up into the structures for each of the game states.
GameSplash:
This function is used to update and render the splash screen displayed when the game starts. It begins by setting the lighting and position of the camera using the pipeline object that maintains the view and projection matrices and the light vectors as well. A set of matrices are then created to transform the dwarf mesh when it is displayed. The program then enters a while loop which is the game loop for this state. Two tests are performed to make sure whether the program should continue in this loop; one is to see if program is still running and one to see if this is still the current game state. If either test is false then this loop will terminate and execution will return to the main state machine so it can decide which state the game should now be in.
If both tests succeed, then the loop continues and the first action is to poll the game pad to get its current state. The results are handled later. The program then updates the matrices to transform the dwarf mesh so it spins on screen. This means a translation to the origin followed by a rotation to an ever increasing angle around the Y-axis. A global variable retains this angle. It is declared globally as it is used both within this state and the menu state and it has to retain its values over a change. The next step is to render the dwarf using the method taught in class. The only difference is rather than manually transferring data from static memory to the dynamic memory buffer, this is handled by the dwarf’s render function. The text is then displayed using the game classes’ font object. The text that has a fixed alpha value is displayed first. Then a set of variables are used to control the alpha value to create the flashing “Press Start” effect. This is the end of the rendering process for the current frame. The final action in the loop is to check if the start button has been pressed and if it has the state variable is altered so the while loop exits and the program moves onto the next state.
GameMenu:

Given this function continues to spin the dwarf model from the last state and displays text as well, it has a very similar structure to the previous one. However it differs in that it has to create an interactive menu to select difficulty. To achieve this, the first step is to reduce the lighting on the dwarf by passing different light colour values to the pipeline object. This has the effect of making text clearer. To create the varying font colours used in the menu two variables are used. One represents the current option that is highlighted and the other the currently selected difficulty. These variables can be changed using a combination of up and down on the D-pad and the X button. Depending on their values a series of if statements are performed that decide what colour and alpha value each line should be rendered with. When X is pressed while the “Start Dungeon!” option is selected it changes the state variable so the main level will begin.
GameLevel1:

This is the largest function as it has to update and display the level. It can be broken up into two parts (as most of the state functions can): the initialisation and the game loop. The former sets variables and creates instances of all the classes needed. Most of these are Milkshape meshes of elements in the game, such as the chests, the beasts and the ladder. Only one of each is needed as they can be called many times to render multiple entities to the screen. This is useful for the chests and beasts as they all use the same mesh but are positioned differently. This means these positions have to be stored. Because the game is tile based, positions can be defined using two variables, an x and y value. A structure is provided that encapsulates these variables into a single entity. In this program two lists are maintained, one which contains these maze position structures and records the chest positions and another that contains beast structures and is used to record beast positions. The beast structure contains a maze position instance but has extra variables used for the AI mentioned later. Singleton maze position structures are also used to position the dwarf and the ladder mesh. All these positions are later initialised with random values, once the maze has been created. The number of entities in each list is determined by the difficulty setting of the game.
The maze is handled entirely by an instance of the maze class. It encapsulates all the functions needed for generating and rendering. The methods used are mentioned in the project issues sections. However the size of the maze created is dependant on the difficulty the player selects on the menu screen. Therefore as part of initialisation the variable that stores the difficulty level is queried and depending on its value the maze class constructor is called with the correct size parameters. A number of other values that depend on the difficulty (such as number of lives, number of attacks, number of beasts, etc.) are set at the same time.
The other notable feature of initialisation is the setting up of the beast states. As already mentioned this includes a random maze position; however it also includes variables holding the two previous moves of the beast (set to none at the beginning), a counter that is used when attacking the player to see if a successful attack has been made and then a variable to indicate which processing slot that beast uses. The reasons these values are needed is described in the project issues section. The remainder of the initialisation section sets up the lighting in the pipeline object, calculates the matrices needed to transform various meshes and initialises the timer to obtain the time difference between frames.
The main level game loop is then entered. As with the other states it checks if the game is running and if it is in the correct state. The non-moving elements of the scene such as the chests, the ladder and the maze are rendered first. Then the updates for the beasts and the dwarf are calculated. The beasts are controlled by simple rule based AI, the details of which can be found in the project issues section. They are updated every 0.2 seconds, according to a timer set in the initialisation phase. Actual times are used rather than number of frames so there is no variance with game performance. Beasts will always move at the same speed no matter how quickly the game runs. The time chosen produces a speed that is challenging but not impossible to overcome. Once the required AI updates have been made all the beasts are rendered.
The next step is to render the dwarf, however it is not guaranteed that this event will occur. During normal play the mesh will always be drawn, but if the dwarf becomes invincible this is indicated by the mesh flashing on and off. To achieve this effect a control flag is set and unset using a timer. When the flag is true the mesh will be rendered, however when it is false northing will be drawn. After this the final part of rendering is to display the text that gives number of lives remaining, the number of chests left to collect and the number of attacks. As before this is achieved through calls to the main font class.

The game loop now has to perform updates for use in the next frame. Lighting changes are used in the game to indicate when the player has performed an attack or when the beast has performed some damage. These are set when the actual action is performed, however they are only temporary and the original lighting needs to be reset after a short time. Timers are used to record how long the lights have been changed for and if it is over a certain value then they are turned back. A calculation is then performed for the dwarf mesh flashing, determining if the mesh should continue flashing and if so whether the control flag should change. Then tests are then made to see if the player has achieved the win or lose conditions outlined in the user guide section. If either has occurred then the global state variable is updated accordingly and the game will change states on the next frame.
The final action to perform before the end of the loop is to see what controls have been pressed and update the dwarf accordingly. The controls are only checked every 0.1 seconds to control the speed of the dwarf. Due to the fact that 2 updates happen for the dwarf for every 1 of the beasts, the dwarf moves quicker allowing the player to outrun enemies. The set of controls available are to move around and to perform an attack. When moving, some collision detection occurs to ensure the player can actually go in that direction. The dwarf cannot move if there is a wall or a beast in the way. Collisions with walls are determined by a call to the maze class while beast collisions are handled by comparing the dwarf position with that of all of the beasts. Whatever direction the player tries to move in, a rotation matrix is created to orientate the dwarf correctly and a series of matrix calculations are performed to build the dwarf’s transformation matrix for the next frame. If the player presses attack then the light of the scene is changed and a variable is set which will affect the AI. The player can also press the select button which will change the game state variable to quit.
GameWin, GameLose and GameQuit:

These three states are identical apart from the messages and the colours they display. Only one of these functions will be called per execution of the game and that depends on the value the GameLevel1 function sets when it was last executed in the game loop. These states should only loop a limited number of times before they exit so a counter is used to count out 250 frames before setting the game running flag to false so the game quits.
Program User Guide:

When the game begins a screen is displayed which provides all the details of the game, a feature in most modern games. The player is prompted to press the start button to enter the main menu. When they do this they are able to select from three difficulties: easy, medium or hard. As the challenge increases the maze gets bigger and the number of enemies and chests increase. At the same time the player gets extra lives and attacks to compensate. The default setting is medium however this can be changed by pressing up and down on the D-pad to change the option in focus and then the X button to choose. The selected difficulty will be displayed in bright yellow text while the others will be duller and slightly transparent. Once the required option has been selected, the game can be started by highlighting “Start Level” and pressing X.
When the player first enters the level they are positioned randomly next to the ladder that will be used to exit the level once all the chests have been collected. To begin with the player is given a short period of invincibility so that if they are placed right next to an enemy then they are not instantly injured. This is indicated by the model flashing on and off. When this time runs out then the player will be vulnerable to attack. The invincible state is only entered again for a short period after the player loses a life.
To move through the maze the player uses the left analogue stick. The goal as previously mentioned is to collect all the chests and return to the ladder where the player began. Chests are collected by walking over them. A count at the bottom of the screen indicates how many have been picked up and how many remain. The beasts in the maze will try and prevent the player from succeeding however. If they see the player then they will chase them and attack. A beast can attack if it is in an adjacent square to the player for long enough. If they succeed the screen will flash red and the player will lose a life. However the player has a number of methods of escape. First the beasts can only see in straight lines so it is possible to dodge down a side path and for the beast to pass by. Second, if the player cannot escape they can press the X button when the beast is in an adjacent square. This will perform an attack indicated by a green flash of light. This will cause the beast to run back in the direction it just came from. However the player only has a limited number of attacks and once they are gone then there will be no defence.
If the player manages to collect all the chests and return to the ladder with at least one life then they will win. A congratulation screen will be displayed and then the game will return to the Linux environment for the reason mentioned later in this report. If the player loses all their lives then a commiseration screen will be displayed. If the player decides they want to leave immediately, they can press select and the game will display a quit message.
Project Issues:
One of the main problems was that of how to generate the maze. This was a two part problem, firstly of how to generate a maze structure followed by how to convert this into a 3D mesh for rendering. The first issue was solved by researching and finding that the field of maze generation algorithms is well studied and a variety of solutions exist for different situations (Pullen, 2008). Two possibilities for this game were to use the recursive backtracking or the hunt and kill algorithms. Both work in a similar manner by starting with a grid full of walls and beginning in an arbitrary cell. Random moves are made to neighbouring cells that have yet to be visited and the walls between are removed.

The two algorithms then differ by having different methods of handling the situation when it is not possible to move to a neighbouring cell because they have all been visited already. Recursive backtracking maintains a stack that contains all previously visited cells. When it cannot move to a neighbour it simply pops the top value off of the stack and tries the previous cell to see if it can visit any of its neighbours. If the stack is empty this indicates that all the cells in the maze have been visited and the algorithm is finished. The hunt and kill method does not keep a stack. Instead when it reaches a cell from which it cannot visit any neighbours, it performs a systematic search through all the cells of the maze till it finds one that it can visit. If it checks all the cells of the maze and all have been previously visited then this indicates that the maze is complete.
Both algorithms are equally effective, but the difference is their resource requirements. Due to the fact it uses a stack, the recursive backtracking algorithm has higher memory requirements during generation; however it is quicker in execution. The hunt and kill version uses no extra memory during generation but takes longer to complete. Both were experimented with during development as initially it was though the PS2 would be unable to handle the stack sizes required during generation using the recursive method. However this was an underestimation of the consoles abilities and in fact it could handle this method for maze sizes far in excess of what was needed. Therefore the decision was made to use the recursive backtracking algorithm as is executed faster.
Having chosen the algorithm to use, a suitable method of representing the maze was needed. Whereas the maze generation would only happen once per execution and its memory needs would only last until it completed, the structure it manipulated had to reside in memory until the end of the game as it was needed to create the maze wall mesh and to perform collision detection. As memory was limited the structure had to be as small as possible in order to use the console effectively. A maze cells purpose is to store the walls around it. It also has to remember whether it has been visited before during maze generation. All of these things could be represented by individual Boolean flags, however the size of a bool in C++ is 1 byte in size meaning each cell would require 5 bytes of memory. This was optimised by using the standard C++ bitset container which allows single bits in memory to be manipulated. This meant that each flag could be a single bit in size so a cell could be represented by 5 bits providing a major memory saving. These containers were placed in a multidimensional array to form the maze structure.
The next problem was how to convert this structure into a mesh in static memory that could be rendered to the screen. The actual maze needed to contain two parts, the floor and the walls. Looking at other examples from the labs and from the Fortuna website, it was clear that the code from the 3D API terrain class could be altered to provide the required functionality. For the floor the only modification was to use a triangle list rather than a strip. The reason for this was that the ground terrain texture was required to be repeated rather than stretched and strips make this difficult. The generation of the walls was slightly harder. For each maze structure cell the positions of the walls surrounding it were obtained. For each a set of vertices in the correct orientation representing that wall section were added to static memory. When all the walls for a cell have been added, the next cell is tested and so on until all the maze walls have been added. As the quad buffer structure was used, care had to be taken not to overfill each buffer. Therefore a count was kept of the number of wall sections added. Given each wall section consisted of 6 vertices, 13 wall sections could fit in a buffer. If the count reached this then the buffer was full and a new one was started. This process is similar to what happens within the Milkshape mesh class, which fills buffer packets in static memory based on the vertices in a file.
The final issue with the maze was to work out how to perform collision detection between the movable characters and the walls. Although the problem was simplified by having a tile based maze game so the issue of moving anywhere was eliminated, there still needed to be a method to work out if the player or an AI tried to move in a certain direction whether they would encounter a wall. This was achieved by having a function in the maze class that takes x and y maze coordinates and a direction. It queries the maze structure to see if it is possible to move in that direction from that cell. If there is no wall in the way then true is returned. Based on this result the required transforms can then be applied to the mesh to get the correct movement.
The other problem to solve was the AI of the beasts. The control mechanism is implemented in the gameLevel1 function as a rule based system (Freeman-Hargis, 2008). This method was chosen as a simple behaviour was required and this technique is the easiest to code as at its most basic it is it is a series of if statements. A possible alternative would have been to use a finite state machine however it would have been difficult to encode all the transitions required to deal with situations such as getting stuck in a dead end. The rule based solution meant all that needed to be added was a single rule rather than multiple transitions. Finite state machines deal with extremely simple behaviours very easily, however the behaviour required was more complex then they could handle.
Beasts poll the environment and then perform actions based on what they sense on an update. The beast first checks to see if it can see the dwarf. A dwarf can be seen if it is not invincible, the beast is facing in the right direction and there are no walls in the way. Then it checks how many walls surround it by consulting the maze class. Next it works out if it is being attack. This occurs if the dwarf is in any of the surrounding squares, there is no intervening wall and the attack flag is set. The beast also checks to see if it can attack, by checking the square directly in front of it to see if the dwarf is there, if he is invincible and if there is no intervening wall. If the beast cannot attack then its attack count is reset. The attack count is used to give the player an opportunity to escape before taking damage. The beast will increment this count every time it updates its behaviour if it can still attack. When the count reaches two the player will take damage. If the player escapes before the count gets to this value then the beast will reset its count and nothing will happen.

The primary concern for the beast is if it is being attacked. If it is it will move off in the direction it just came from (requiring the previous move of the beast to be stored in the beastState structure). If this takes it into a dead end then the beast will not move but it will reset its attack count so the player has longer to move away. If the beast is not being attacked but can perform an attack itself, it will update its attack count as mentioned previously and perform the required action. Next if the beast can see the dwarf but is not close enough to attack, it will move straight forward in the direction it is facing to try and get to the dwarf. The 2 rules after this deal solely with the movement of the beast when it is not in combat. The first checks to see if the beast has wandered into a dead end by checking to see if it is surrounding by 3 walls. If it has then it will move back in the direction it previously came from. The second rule deals with the random movement of the beasts round the maze when no other events are occurring. The beast can move in any direction it chooses as long as it is not in the direction it has just come from and there is no wall to stop it.
Beasts are updated according to these rules every 0.2 seconds, however due to the processor time needed it was impractical to update all the beasts at the same time as it reduced the frame rate of the game dramatically every 0.2s, creating a juddering effect. To overcome this, a system was added that spread out the AI processing. This was achieved by assigning each beast a time within the range 0 to 0.2s. The values are spread evenly through this range depending on the number of beasts at the start of level. During the game loop two variables are maintained that indicate the previous and next AI process times. If a beast has been assigned a value in between these values it will update its behaviour. For example if the previous time was 0.003s and the next was 0.005s and two beasts had been assigned values 0.001s and 0.004s, then only the second beast will update during this frame. These variables are updated every frame by adding the time since the last frame, and when they reach 0.2 they will loop back to 0.0. This has the on-screen effect of making all the beasts move at the same speed but without the juddering in frame rate.
Conclusion:
The program produced for this assessment has turned out very well. It successfully uses the capabilities of the Playstation 2 efficiently. This includes using the vector unit for lighting and transformation in the game and the control pad to allow the user to interact with what is happening on screen. It also incorporates AI to further provide challenging game play and random level generation to enhance replay value. Overall this leads to a game that looks impressive and is fun to play, the aim of any professional game.

The actual challenge of programming the PS2 was easier than expected, as mentioned at the start of this report. Experience of programming using a Linux environment meant that the style of debugging and compiling was familiar. However it was the use of the frameworks that made the biggest difference. Having the low level work encapsulated in easy to use classes meant that effort could be concentrated on higher level features. If this had to be dealt with when creating content, the game would not be as large as it turned out. There were some difficulties during development but these were down to minor thing such as forgetting to add an object name to the makefile or updating a header and then not performing a rebuild on all the files that include it. In the end the biggest limiting factor was time, but this would be the same for any project.
Although the whole program is generally good, there are a number of features that have turned out better than expected. The most obvious of these is the maze generation. Although the algorithm used to produce the maze structure was previously tried and tested and was shown to work, there were some doubts over how well it would convert from a 2D structure into a 3D mesh. However after some experimentation with variables such as wall height and getting the lighting positioned correctly, the walls looked lifelike. The shading provided by the program in the vector unit also helped highlight walls and gave an impression of depth that made it feel like the player is actually navigating a real maze. The complete process is surprisingly fast and resource efficient suggesting that the selection of maze algorithm was correct. The alternative algorithm would have slowed the process so would have been unsuitable.
The AI was another area that stood out in the program. In terms of the behaviours created for the beasts it has achieved the goal of enhancing the gameplay experience. The way they move around the levels looks like they are actively searching for the dwarf, which creates a sense of urgency in the player. When the beasts then see the player the way they head straight for them actually causes panic. This is the psychological effect that was being aimed for. However the AI is not complex enough to be impossible to beat, which should make the game fun to play. Although there are some small glitches, these are rare and don’t really detract from the overall game experience. The decision to use a rule based system was justified as it was quick to implement and it created the desired behaviour. The system to distribute AI processing works better than expected. The entire set of enemies move at the same speed and from the player’s perspective there is almost no difference in the frames that they update on. The benefits to rendering performance are noticeable, going from shuddering to steady frame rates.

The other part that has turned out extremely well is the splash menus. Initially there were no plans to have a complex menu system, however after experimenting with the flexibility of the font class one was added and it was very easy to do. I feel the result looks quite good and make the game look very professional.
However there are a number of areas that could be improved if the project were repeated. The first of these would be to perform some restructuring of the code. Currently all the AI and dwarf movement code is within the body of the main level game loop. This makes it very monolithic and difficult to read through. A better structure for both these entities would have been to create classes that encapsulate all the functions that they require to initialise and update themselves including movement, AI and any variables they maintain. The Milkshape class could be incorporated as a parent, to add the rendering functions of the models that represent these entities. This would have increased cohesion and lowered coupling for both these objects. The structuring motivations mentions early were probably not followed as closely as would have been liked.
Another problem encountered was that there was no obvious way of deleting the vertex data loaded to static memory without stopping execution. The original plan was when the game was won, lost or quit was to return to the menu page to try again. However because a new random maze mesh is generated every time the player starts the level, the memory slowly becomes filled with meshes that it is not using. Eventually this causes a runtime error. The solution used to solve this problem in game was to have execution stop after one of the three end states, however this is undesirable. Therefore if the project was repeated a method of removing this data from memory during runtime has to be found.
The final change that would be mainly for aesthetic reasons would be to try and get animated meshes working in the game. During the early stages of development, a PS2 project from a previous year was mentioned in lectures that loaded and displayed an animated Milkshape mesh on screen. It also had controls to update and change between different animations. The class was tested and although it worked with its own models, it was having strange errors with those needed for this game. Although debugging was attempted, it was not an important feature in the overall game and so the animations were dropped after it was realised that the time it would have taken to complete them would have been excessive. More time would be allocated into getting this feature working next time.
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