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Abstract:

	Guitar Hero is a music based rhythm and coordination game.  The user attempts to “play” a song via an electronic button based guitar.  This is done by hitting the buttons in a sequence displayed on a screen to the beat of a song.  For my final project I replicated the popular video game on a TS-7250 single board computer connected with a custom printed circuit board implementing five buttons and one speaker.

Introduction:

	As everyone knows games are a big part of our lives today.  As I pondered about the future of my final project one Sunday, I began to play the game Guitar Hero.  It was then I realized I possessed the ability and resources to create my own version of the popular game on our development board.  I figured the experience gained by recreating the memory game Simon for lab three would be beneficial and help pave a roadmap for development, which it was.  To me, creating a game from nothing is quite exciting.  Each and every step you take creates more incentive to finish, seeing as how you can have fun as soon as it has been completed.

Problem Statement and Approach:

	There were several problems that I had to address before any progress could be made on the project.  The first problem was handling user input.  Luckily we had gained experience in configuration and manipulation of the various ports on the board with the implementation of bit-masking.  
The second obstacle involved the development of algorithms for the creation, processing, and displaying of songs.  I heavily utilized arrays in this area.  When a song was created I wrote the button presses as an integer value into a text file.  When a song was to be played I read in this array and converted from a one dimensional array into a two dimensional array. This allowed me to display each button as a separate column to emulate the Guitar Hero game and simplify the user interface. 
I then had to create a way for the game to play-back the song while simultaneously displaying the button presses in advance, cross referencing user input to the display, and keeping track of the user’s score.  This is where the problem of algorithm arrangement became apparent.  Accomplishing all of these tasks in the same process was impossible, especially since it was coupled with a hard time constraint.  I was able to overcome these coordination problems by creating real-time tasks and a kernel module.  The first real-time task was solely responsible for sending the user input to the second real-time task.  The second process was responsible for processing the user input, and outputting the results via the screen.  Seeing as how this process output results, it also passed along the information regarding the speaker to the kernel module.  The kernel module was responsible for speaker frequency oscillation and interrupt handling. 
The final obstacle involved the interaction of processes.  Inter-process communication of this system includes a mail box, fifo, interrupt, and semaphore.   All of the information sent from process one to process two was done through a mail box.  This was done for data cohesion.  A semaphore was used to limit the amount of data being sent by the first process to the second.  To prevent data overflow and limit the amount of irrelevant data being sent, the second process only passed the semaphore to the first when creating a song or playing-back a song.  A fifo was used to pass the information from the second process to the kernel module.  This method was used because it is the simplest way for a kernel module to receive data, this is because fifos are based upon physical addresses which kernel modules can access.  A software interrupt was used to signal the kernel module that information was being passed to over the fifo.  The following is a visual of the program as a whole:


Figure 1: Visual Depiction of the Project's processes and their interaction.
	After coordinating all of my project’s pieces, I still needed a way to display the data and cross reference it with user input.  To display the notes to be played I created a sliding window algorithm which updated every tenth of a second moving through the array created from a stored song.  The window was 10 elements in length which meant that it took one second for a note’s trigger to propagate through the display.  I found that this was a sufficient amount of time for a user to track and acknowledge each note.  I then created another sliding window of size three and had it move with reference to the last three elements of the previous window.  I was then able to use this window to monitor and check whether a user was pressing the correct buttons at the correct times.  This gave the user 100ms to hit the button when the note cursor “-” reached the goal cursor “=”,  plus and minus another 100ms for the each row above and below “=”.  If the button was pressed at the correct time, the user’s score was incremented by 100*[1/(total note count)] and displayed as a percentage.  The following is an example of the project’s output as seen on the screen as the note cursor traverses the sliding window.  
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Results:

	Real-time Hero effectively emulates Guitar Hero, but in a limited fashion.  The program is capable of creating, deleting and playing songs.  It accurately displays a saved song’s note presses and is able to use this as a reference for comparison to user input, determining a score representing a percentage of notes replicated.

Conclusions and future works:

	Given the experience gained in previous labs I was able to create this game.  As previously stated this is project does have limited functionality.  I was restricted to single note presses.  I had to limit the amount of data that was being written to the mail box and fifo.  I attempted to run the project in full streaming mode by writing all data on each pass, but this board doesn’t possess enough power to render it all without significant delays experienced by the user.  In the future I will attempt to re-work the algorithms chosen to be more efficient, or obtain a more powerful piece of hardware so that I can implement a fully functional replica of Guitar Hero.  








Appendix A: Code for Real-time Tasks
#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>
#include <sys/mman.h>
#include <rtai.h>
#include <rtai_lxrt.h>
#include <rtai_mbx.h>
#include <string.h>

RTIME resolution;

int main(void)
{

resolution = nano2count(1000000);
int num = 0;
int i = 0;
int j = 0;
struct rt_mailbox * MailBox1 = rt_typed_named_mbx_init("MailBox1", 50*sizeof(num), FIFO_Q);
pid_t pid;
unsigned long *offset;
long *buttons, *buttonsddr;
int fifo_0 = open("/dev/rtf/0", O_RDWR);
int newfd = open("/dev/mem", O_RDWR);
offset = mmap(0, getpagesize(), PROT_READ|PROT_WRITE, MAP_SHARED, newfd, 0x80840000);
buttons = offset + 1;
buttonsddr = offset + 5;
*buttons = 0x00;
*buttonsddr = 0xE0; //sets the buttons to output and the LEDs to input
unsigned long *VIC2SoftInt;
VIC2SoftInt = mmap(0, getpagesize(), PROT_READ|PROT_WRITE, MAP_SHARED, newfd, 0x800C0000);
VIC2SoftInt += 6;
SEM *sem = rt_typed_sem_init(nam2num("token"),0,CNT_SEM);

	if ((pid = fork()) < 0)
	{
		printf("fork error\n");
		exit(-1);
	}

	if (pid == 0)
	{

		RT_TASK* task1 = rt_task_init(nam2num("tk1"), 0, 512, 256);
		rt_task_make_periodic(task1, rt_get_time(), resolution*100);
		int flag00 = 0;

		while(1)
		{
			rt_sem_wait(sem);

			while(1)
			{
				if(*buttons == 0x1e)
				{
					num = 1;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					flag00 = 0;
				}

				if(*buttons == 0x1d)
				{
					num = 2;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					flag00 = 0;
				}

				if(*buttons == 0x1b)
				{
					num = 3;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					flag00 = 0;
				}

				if(*buttons == 0x17)
				{
					num = 4;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					flag00 = 0;
				}

				if(*buttons == 0x0f)
				{
					num = 5;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					flag00 = 0;
				}

				if((*buttons == 0x1f) && (flag00 == 0))
				{
					num = 0;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					flag00 = 1;
				}

				if(*buttons == 0x0e)
				{
					num = 11;
					rt_mbx_send(MailBox1, &num, sizeof(num));
					//rt_sem_signal(sem); //maybe right
					flag00 = 0;
					break;
				}

				rt_task_wait_period();
			}
		//child
		}
	}

	RT_TASK* Main = rt_task_init(nam2num("Main"), 0, 512, 256);
	rt_task_make_periodic(Main, rt_get_time(), resolution*100);
	int selection = 0;
	char* songname = malloc(20*sizeof(char*));
	int flag0 = 0;
	int flag1 = 0;
	int flag2 = 0;
	int flag3 = 0;
	int flag4 = 0;
	int flag5 = 0;
	int flag6 = 1;
	double percent = 0;



	for(i=0; i < 10; i++)
	{
		rt_mbx_receive_if(MailBox1,&num,sizeof(num));
	}

	while(1)
	{
		printf("%c[2J", 27);
		printf("Welcome to Real-Time Hero!!!\n");
		printf("Previous Score for %s = %5.2f Percent!\n", songname, percent);
		printf("Main Menu:\n");
		printf("To record a song press 1...\n");
		printf("To delete a song press 2...\n");
		printf("To play a song press 3...\n");
		printf("\n");
		scanf("%d", &selection);

		if(selection == 1)
		{
			printf("Please choose a song name\n");
			scanf("%s", songname);
			char data2[1024];
			sprintf(data2,"/home/ajsn87/FinalProject/songs/%s",songname);
			FILE *new_song = fopen(data2, "w");
			rt_sem_signal(sem);

			while(1)
			{
				rt_mbx_receive_if(MailBox1,&num,sizeof(num));

				if(num == 11)
				{
					num = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					break;
				}

				if((num == 0) && (flag0 == 0))
				{
					flag0 = 1;
					flag1 = 0;
					flag2 = 0;
					flag3 = 0;
					flag4 = 0;
					flag5 = 0;
					flag6 = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					fprintf(new_song, "%d\n", num);
				}

				if((num == 1) && (flag1 == 0))
				{
					flag0 = 0;
					flag1 = 1;
					flag2 = 0;
					flag3 = 0;
					flag4 = 0;
					flag5 = 0;
					flag6 = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					fprintf(new_song, "%d\n", num);
				}

				if((num == 2) && (flag2 == 0))
				{
					flag0 = 0;
					flag1 = 0;
					flag2 = 1;
					flag3 = 0;
					flag4 = 0;
					flag5 = 0;
					flag6 = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					fprintf(new_song, "%d\n", num);
				}

				if((num == 3) && (flag3 == 0))
				{
					flag0 = 0;
					flag1 = 0;
					flag2 = 0;
					flag3 = 1;
					flag4 = 0;
					flag5 = 0;
					flag6 = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					fprintf(new_song, "%d\n", num);
				}

				if((num == 4) && (flag4 == 0))
				{
					flag0 = 0;
					flag1 = 0;
					flag2 = 0;
					flag3 = 0;
					flag4 = 1;
					flag5 = 0;
					flag6 = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					fprintf(new_song, "%d\n", num);
				}

				if((num == 5) && (flag5 == 0))
				{
					flag0 = 0;
					flag1 = 0;
					flag2 = 0;
					flag3 = 0;
					flag4 = 0;
					flag5 = 1;
					flag6 = 0;
					write(fifo_0, &num, sizeof(num));
					*VIC2SoftInt |= 0x80000000;
					fprintf(new_song, "%d\n", num);
				}

				else
				{
					if(flag6 == 0)
					{
						fprintf(new_song, "%d\n", 0);
					}
				}

				rt_task_wait_period();
			}
			fclose(new_song);
		}

		if(selection == 2)
		{
			printf("delete song selected, need code");
			printf("Please choose a song from the following list to delete:\n");
			system("ls /home/ajsn87/FinalProject/songs/");
			printf("\n");
			scanf("%s", songname);
			char data2[1024];
			sprintf(data2,"/home/ajsn87/FinalProject/songs/%s",songname);
			if (remove(data2) == -1)
			{
				printf("Error in deleting a file\n");
			}
		}

		if(selection == 3)
		{
			int count = 0;
			int notenumber = 0;
			int buffer = 0;
			int oldbuffer = 0;
			double score = 0;
			printf("Please choose a song from the following:\n");
			char data1[256];
			FILE *file4;
			system("ls /home/ajsn87/FinalProject/songs/");
			scanf("%s", songname);
			sprintf(data1,"/home/ajsn87/FinalProject/songs/%s",songname);
			file4 = fopen(data1, "r");

			do
			{
				if(!feof(file4))
				fgets(data1,256,file4);
				count++;
			}while(!feof(file4));
			fclose(file4);


			char **displaylist = (char **)malloc((count + 10)*sizeof(char*));

			for(i=0; i< (count+10); i++)
			{
				displaylist[i] = (char*)malloc(5*sizeof(char));
			}

			sprintf(data1,"/home/ajsn87/FinalProject/songs/%s",songname);
			file4 = fopen(data1, "r");

			for(i=0; i<count+10; i++)
			{
				for(j=0; j<5; j++)
				{
					displaylist[i][j] = '|';
				}
			}

			for(i=5; i<count; i++)
			{
				fgets(data1,256,file4);
				buffer = atoi(data1);

				if(buffer == 1)
				{
					displaylist[i][0] = '-';
					notenumber++;
				}

				if(buffer == 2)
				{
					displaylist[i][1] = '-';
					notenumber++;
				}

				if(buffer == 3)
				{
					displaylist[i][2] = '-';
					notenumber++;
				}

				if(buffer == 4)
				{
					displaylist[i][3] = '-';
					notenumber++;
				}

				if(buffer == 5)
				{
					displaylist[i][4] = '-';
					notenumber++;
				}

			}
			fclose(file4);

			printf("%c[2J", 27);
			rt_sem_signal(sem);
			for(i=10; i<count+10; i++)
			{
				percent = (100*score/notenumber);
				printf ("%s:\n", songname);
				printf("Score: %5.2f Percent Correct!!!\n", percent);
				printf("%c %c %c %c %c\n", displaylist[i][0], displaylist[i][1], displaylist[i][2], displaylist[i][3], displaylist[i][4]);
				printf("%c %c %c %c %c\n", displaylist[i-1][0], displaylist[i-1][1], displaylist[i-1][2], displaylist[i-1][3], displaylist[i-1][4]);
				printf("%c %c %c %c %c\n", displaylist[i-2][0], displaylist[i-2][1], displaylist[i-2][2], displaylist[i-2][3], displaylist[i-2][4]);
				printf("%c %c %c %c %c\n", displaylist[i-3][0], displaylist[i-3][1], displaylist[i-3][2], displaylist[i-3][3], displaylist[i-3][4]);
				printf("%c %c %c %c %c\n", displaylist[i-4][0], displaylist[i-4][1], displaylist[i-4][2], displaylist[i-4][3], displaylist[i-4][4]);
				printf("%c %c %c %c %c\n", displaylist[i-5][0], displaylist[i-5][1], displaylist[i-5][2], displaylist[i-5][3], displaylist[i-5][4]);
				printf("%c %c %c %c %c\n", displaylist[i-6][0], displaylist[i-6][1], displaylist[i-6][2], displaylist[i-6][3], displaylist[i-6][4]);
				printf("%c %c %c %c %c\n", displaylist[i-7][0], displaylist[i-7][1], displaylist[i-7][2], displaylist[i-7][3], displaylist[i-7][4]);
				printf("= = = = =\n");
				printf("%c %c %c %c %c\n", displaylist[i-9][0], displaylist[i-9][1], displaylist[i-9][2], displaylist[i-9][3], displaylist[i-9][4]);
				printf("%c[12A", 27);

				rt_mbx_receive_if(MailBox1, &buffer, sizeof(buffer));

				for(j = (i-9);j < (i-6); j++)
				{
					if((displaylist[j][0] == '-') && (buffer == 1))
					{
						write(fifo_0, &buffer, sizeof(buffer));
						*VIC2SoftInt |= 0x80000000;
						score += 1;
						flag6 = 0;
						break;
					}

					if((displaylist[j][1] == '-') && (buffer == 2))
					{
						write(fifo_0, &buffer, sizeof(buffer));
						*VIC2SoftInt |= 0x80000000;
						score += 1;
						flag6 = 0;
						break;
					}

					if((displaylist[j][2] == '-') && (buffer == 3))
					{
						write(fifo_0, &buffer, sizeof(buffer));
						*VIC2SoftInt |= 0x80000000;
						score += 1;
						flag6 = 0;
						break;
					}

					if((displaylist[j][3] == '-') && (buffer == 4))
					{
						write(fifo_0, &buffer, sizeof(buffer));
						*VIC2SoftInt |= 0x80000000;
						score += 1;
						flag6 = 0;
						break;
					}

					if((displaylist[j][4] == '-') && (buffer == 5))
					{
						write(fifo_0, &buffer, sizeof(buffer));
						*VIC2SoftInt |= 0x80000000;
						score += 1;
						flag6 = 0;
						break;
					}

					if(flag6 == 0)
					{
						break;
					}
				}

				rt_task_wait_period();
				buffer = 0;
				write(fifo_0, &buffer, sizeof(buffer));
				*VIC2SoftInt |= 0x80000000;

			}

			write(fifo_0, &buffer, sizeof(buffer));
			*VIC2SoftInt |= 0x80000000;
			printf("%c[2J", 27);
		}
		rt_task_wait_period();
	}
	return(0);
}
Appendix B: Code for Kernel Module / Interrupt Handler

#ifndef MODULE
#define MODULE
#endif

#ifndef __KERNEL__
#define __KERNEL__
#endif

#include <linux/kernel.h>
#include <linux/module.h>
#include <asm/io.h>
#include <rtai.h>
#include <rtai_sched.h>
//#include <rtai_lxrt.h>
#include <rtai_fifos.h>
//#include <stdlib.h>

MODULE_LICENSE("GPL");
EXPORT_NO_SYMBOLS;

char* base;
unsigned long *speaker, *ddrspeaker, *VIC2SoftIntClear, *VIC2SoftIntEn;
RT_TASK checkVal;
RTIME resolution;

void CheckVal(int dummy)
{
	while(1)
	{
		*speaker ^= 0x02;
		rt_task_wait_period();
	}
}

static void my63handler(unsigned irq, void* cookie)
{
	rt_disable_irq(63);
	int buffer, multi;
	rtf_get(0, &buffer, 4);

	if(buffer == 0)
	{
		multi = 100000;
	}

	if(buffer == 1)
	{
		multi = 12;
	}

	if(buffer == 2)
	{
		multi = 11;
	}

	if(buffer == 3)
	{
		multi = 10;
	}

	if(buffer == 4)
	{
		multi = 9;
	}

	if(buffer == 5)
	{
		multi = 8;

	}

	rt_task_make_periodic(&checkVal, rt_get_time(), resolution*multi);
	*VIC2SoftIntClear |= 0x80000000;
	rt_enable_irq(63);
}

int init_module(void)
{
	base = (char *) __ioremap(0x80840000, 4096, 0);
	speaker = (unsigned long*)(base + 0x30);
	ddrspeaker = speaker + 1;
	rt_set_periodic_mode();
	resolution = start_rt_timer(nano2count(100000));
	rt_task_init(&checkVal, CheckVal,0,256,0,0,0);
	rt_task_make_periodic(&checkVal, rt_get_time(), resolution*100000);
	rt_request_irq(63, my63handler, NULL, 1);
	base = (char *) __ioremap(0x800C001C, 4096, 0);
	VIC2SoftIntClear = (unsigned long*)(base);
	base = (char *) __ioremap(0x800C0010, 4096, 0);
	VIC2SoftIntEn = (unsigned long*)(base);
	*VIC2SoftIntEn |= 0x80000000;
	rt_enable_irq(63);
	rtf_create(0, 512);

	return 0;
}
void cleanup_module()
{
	*VIC2SoftIntEn &= 0x7FFFFFFF;
	rt_disable_irq(63);
	rt_release_irq(63);
	rtf_destroy(0);
	rt_task_delete(&checkVal);
	stop_rt_timer();
}


