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Using Interrupts
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#define INT_VBLANK 0x0001

#define INT_HBLANK 0x0002

#define INT_VCOUNT 0x0004

#define INT_TIMER0 0x0008

#define INT_TIMER1 0x0010

#define INT_TIMER2 0x0020

#define INT_TIMER3 0x0040

#define INT_COM    0x0080

#define INT_DMA0   0x0100

#define INT_DMA1   0x0200

#define INT_DMA2   0x0400

#define INT_DMA3   0x0800

#define INT_BUTTON 0x1000

#define INT_CART   0x2000
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if ((REG_IF & INT_TIMER0) == INT_TIMER0)

{

    //your timer code goes here

}
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REG_IF |= INT_TIMER0
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#define REG_INTERRUPT *(unsigned int*)0x3007FFC
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//first, turn off interrupts

REG_IME = 0x00;

//make ISR point to my own function 

REG_INTERRUPT = (unsigned int)MyHandler;

//turn on vblank interrupt

REG_IE |= INT_VBLANK;

//tell dispstat about vblank interrupt

REG_DISPSTAT |= 0x08;

//lastly, turn interrupts back on

REG_IME = BIT00;
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void MyHandler(void)

{

REG_IME = 0x00;

Int_Flag = REG_IF;

if((REG_IF & INT_HBLANK) == INT_HBLANK)

{

    //horizontal refresh--do something quick!

}

REG_IF = Int_Flag;

REG_IME = 0x01;

}

The InterruptTest Program
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 The InterruptTest Header File
////////////////////////////////////////////////////////////

// Programming The Game Boy Advance

// Chapter 8: Interrupts, Timers, and DMA

// InterruptTest Project

// main.h header file

////////////////////////////////////////////////////////////

#ifndef _MAIN_H

#define _MAIN_H

#include <stdlib.h>

//define some data type shortcuts

typedef unsigned char u8;

typedef unsigned short u16;

typedef unsigned long u32;

typedef signed char s8;

typedef signed short s16;

typedef signed long s32;

//packs three values into a 15-bit color

#define RGB(r,g,b) ((r)+(g<<5)+(b<<10))

//define some display registers

#define REG_DISPCNT *(u32*)0x4000000
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#define BG2_ENABLE 0x400

#define SetMode(mode) REG_DISPCNT = (mode)

//define some interrupt registers

#define REG_IME        *(u16*)0x4000208

#define REG_IE         *(u16*)0x4000200

#define REG_IF         *(u16*)0x4000202

#define REG_INTERRUPT  *(u32*)0x3007FFC

#define REG_DISPSTAT   *(u16*)0x4000004

//create prototype for custom interrupt handler

void MyHandler(void);

//define some interrupt constants

#define INT_VBLANK 0x0001

#define INT_HBLANK 0x0002

#define INT_VCOUNT 0x0004

#define INT_TIMER0 0x0008

#define INT_TIMER1 0x0010

#define INT_TIMER2 0x0020

#define INT_TIMER3 0x0040

#define INT_COM 0x0080

#define INT_DMA0 0x0100

#define INT_DMA1 0x0200

#define INT_DMA2 0x0400

#define INT_DMA3 0x0800

#define INT_BUTTON 0x1000

#define INT_CART 0x2000

//create pointer to video memory

unsigned short* videoBuffer = (unsigned short*)0x6000000;

#endif
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The InterruptTest Source File
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////////////////////////////////////////////////////////////

// Programming The Game Boy Advance

// Chapter 8: Interrupts, Timers, and DMA

// InterruptTest Project

// main.c source code file

////////////////////////////////////////////////////////////

#define MULTIBOOT int __gba_multiboot;

MULTIBOOT

#include "main.h"

////////////////////////////////////////////////////////////

// Function: main()

// Entry point for the program

////////////////////////////////////////////////////////////

int main(void)

{

    //Set mode 3 and enable the bitmap background

    SetMode(3 | BG2_ENABLE);

    //disable interrupts

    REG_IME = 0x00;

    //point interrupt handler to custom function

    REG_INTERRUPT = (u32)MyHandler;

    //enable hblank interrupt (bit 4)

    REG_IE |= INT_HBLANK;

    //enable hblank status (bit 4)
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    REG_DISPSTAT |= 0x10;

    //enable interrupts

    REG_IME = 0x01;

    //endless loop

    while(1);

    return 0;

}

////////////////////////////////////////////////////////////

// Function: DrawPixel3

// Draws a pixel in mode 3

////////////////////////////////////////////////////////////

void DrawPixel3(int x, int y, unsigned short c)

{

    videoBuffer[y * 240 + x] = c;

}

////////////////////////////////////////////////////////////

// Function: MyHandler

// Custom interrupt service callback function

////////////////////////////////////////////////////////////

void MyHandler(void)

{

    u16 Int_Flag;

    u16 x, y;

    u16 color;

    //disable interrupts

    REG_IME = 0x00;

    //backup the interrupt flags

    Int_Flag = REG_IF;
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    //look for horizontal refresh

    if((REG_IF & INT_HBLANK) == INT_HBLANK)

    {

        //draw a random pixel

        x = rand() % 240;

        y = rand() % 160;

        color = RGB(rand()%31, rand()%31, rand()%31);

        DrawPixel3(x, y, color);

    }

    //restore the interrupt flags

    REG_IF = Int_Flag;

    //enable interrupts

    REG_IME = 0x01;

}

Using Timers
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#define TIMER_FREQUENCY_SYSTEM  0x0

#define TIMER_FREQUENCY_64      0x1

#define TIMER_FREQUENCY_256     0x2

#define TIMER_FREQUENCY_1024    0x3
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#define REG_TM0CNT *(volatile u16*)0x4000102

#define REG_TM1CNT *(volatile u16*)0x4000106

#define REG_TM2CNT *(volatile u16*)0x400010A

#define REG_TM3CNT *(volatile u16*)0x400010E
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#define REG_TM0D       *(volatile u16*)0x4000100

#define REG_TM1D       *(volatile u16*)0x4000104

#define REG_TM2D       *(volatile u16*)0x4000108

#define REG_TM3D       *(volatile u16*)0x400010C
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#define TIMER_OVERFLOW          0x4

#define TIMER_IRQ_ENABLE        0x40

#define TIMER_ENABLE            0x80
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timer = REG_TM0D;

if (timer % 65536)

{

    //overflow--time to deal with it

}

The TimerTest Program
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//////////////////////////////////////////////////

// Programming The Game Boy Advance

// Chapter 8: Using Interrupts and Timers

// TimerTest Project

// main.h header file

//////////////////////////////////////////////////

#ifndef _MAIN_H

#define _MAIN_H

#include <stdio.h>

#include <string.h>

#include "font.h"

//define some data type shortcuts

typedef unsigned char u8;

typedef unsigned short u16;

typedef unsigned long u32;

typedef signed char s8;

typedef signed short s16;

typedef signed long s32;

//declare some function prototypes

void DrawPixel3(int, int, unsigned short);

void DrawBox3(int, int, int, int, unsigned short)

void DrawChar(int, int, char, unsigned short);

void Print(int, int, char *, unsigned short);

//define the timer constants

#define TIMER_FREQUENCY_SYSTEM 0x0

#define TIMER_FREQUENCY_64 0x1

#define TIMER_FREQUENCY_256 0x2

#define TIMER_FREQUENCY_1024 0x3

#define TIMER_OVERFLOW 0x4
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#define TIMER_ENABLE 0x80

#define TIMER_IRQ_ENABLE 0x40

//define the timer status addresses

#define REG_TM0CNT     *(volatile u16*)0x4000102

#define REG_TM1CNT     *(volatile u16*)0x4000106

#define REG_TM2CNT     *(volatile u16*)0x400010A

#define REG_TM3CNT     *(volatile u16*)0x400010E

//define the timer data addresses

#define REG_TM0D       *(volatile u16*)0x4000100

#define REG_TM1D       *(volatile u16*)0x4000104

#define REG_TM2D       *(volatile u16*)0x4000108

#define REG_TM3D       *(volatile u16*)0x400010C

//define some video mode values

#define REG_DISPCNT *(unsigned long*)0x4000000

#define MODE_3 0x3

#define BG2_ENABLE 0x400

//declare scanline counter for vertical blank

volatile unsigned short* ScanlineCounter =

    (volatile unsigned short*)0x4000006;

//create a pointer to the video buffer

unsigned short* videoBuffer = (unsigned short*)0x6000000;

//////////////////////////////////////////////////

// Function: Print

// Prints a string using the hard-coded font

//////////////////////////////////////////////////

void Print(int left, int top, char *str, unsigned short color)

{

    int pos = 0;
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    while (*str)

    {

        DrawChar(left + pos, top, *str++, color);

        pos += 8;

    }

}

//////////////////////////////////////////////////

// Function: DrawChar

// Draws a character one pixel at a time

//////////////////////////////////////////////////

void DrawChar(int left, int top, char letter, unsigned short color)

{

    int x, y;

    int draw;

    for(y = 0; y < 8; y++)

        for (x = 0; x < 8; x++)

{

            // grab a pixel from the font char

        draw = font[(letter-32) * 64 + y * 8 + x];

            // if pixel = 1, then draw it

            if (draw)

                DrawPixel3(left + x, top + y, color);

}

}

//////////////////////////////////////////////////

// Function: DrawPixel3

// Draws a pixel in mode 3

//////////////////////////////////////////////////

void DrawPixel3(int x, int y, unsigned short color)

{

    videoBuffer[y * 240 + x] = color;
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}

/////////////////////////////////////////////////////////////

// Function: DrawBox3

// Draws a filled box

/////////////////////////////////////////////////////////////

void DrawBox3(int left, int top, int right, int bottom,

    unsigned short color)

{

    int x, y;

    for(y = top; y < bottom; y++)

        for(x = left; x < right; x++)

            DrawPixel3(x, y, color);

}

/////////////////////////////////////////////////////////////

// Function: WaitVBlank

// Checks the scanline counter for the vertical blank period

/////////////////////////////////////////////////////////////

void WaitVBlank(void)

{

    while(!(*ScanlineCounter));

    while((*ScanlineCounter));

}

#endif

The TimerTest Source Code
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//////////////////////////////////////////////////

// Programming The Game Boy Advance

// Chapter 8: Using Interrupts and Timers

// TimerTest Project

// main.c source code file

//////////////////////////////////////////////////

#define MULTIBOOT int __gba_multiboot;

MULTIBOOT

#include "main.h"

//////////////////////////////////////////////////

// Function: main()

// Entry point for the program

//////////////////////////////////////////////////

int main()

{

    char str[20];

    int timers;

    //switch to video mode 3

    REG_DISPCNT = (3 | BG2_ENABLE);

    //turn on timer0, set to 256 clocks

    REG_TM0CNT = TIMER_FREQUENCY_256 | TIMER_ENABLE;

    //turn on timer1, grab overflow from timer0

    REG_TM1CNT = TIMER_OVERFLOW | TIMER_ENABLE;

    //turn on timer2, set to system clock

    REG_TM2CNT = TIMER_FREQUENCY_SYSTEM | TIMER_ENABLE;

    //turn on timer3, grab overflow from timer2
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    REG_TM3CNT = TIMER_OVERFLOW | TIMER_ENABLE;

    //print out labels

    Print(70, 30, "TIMER0:", 0x0FF0);

    Print(70, 40, "TIMER1:", 0xFE00);

    Print(70, 60, "TIMER2:", 0x00FA);

    Print(70, 70, "TIMER3:", 0x09B0);

    //endless loop

    while(1)

    {

        WaitVBlank();

        //erase the old timer values

        DrawBox3(140, 30, 180, 80, 0x0000);

        //read the timer data

        timers[0] = REG_TM0D / (65536 / 1000);

        timers = REG_TM1D;

        timers = REG_TM2D / (65536 / 1000);

        timers = REG_TM3D;

        //print out timer0

        sprintf(str, "%i", timers[0]);

        Print(140, 30, str, 0x0FF0);

        //print out timer1

        sprintf(str, "%i", timers);

        Print(140, 40, str, 0xFE00);

        //print out timer2

        sprintf(str, "%i", timers);

        Print(140, 60, str, 0x00FA);
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        //print out timer3

        sprintf(str, "%i", timers);

        Print(140, 70, str, 0x09B0);

        WaitVBlank();

    }

    return 0;

}

The Framerate Program
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The Framerate Header
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// Programming The Game Boy Advance

// Chapter 8: Using Interrupts and Timers

// Framerate Project

// main.h header file
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#ifndef _MAIN_H

#define _MAIN_H

//define some data type shortcuts

typedef unsigned char u8;

typedef unsigned short u16;

typedef unsigned long u32;

typedef signed char s8;

typedef signed short s16;

typedef signed long s32;

#include <stdlib.h>

#include <stdio.h>

#include "bg.raw.c"

#include "ball.h"

#include "font.h"

//declare some function prototypes

void DrawPixel3(int, int, unsigned short);

void DrawChar(int, int, char, unsigned short);

void Print(int, int, char *, unsigned short);

void WaitVBlank(void);

//define the timer constants

#define TIMER_FREQUENCY_SYSTEM 0x0

#define TIMER_FREQUENCY_64 0x1

#define TIMER_FREQUENCY_256 0x2

#define TIMER_FREQUENCY_1024 0x3

#define TIMER_OVERFLOW 0x4

#define TIMER_ENABLE 0x80

#define TIMER_IRQ_ENABLE 0x40

//define the timer status addresses
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#define REG_TM0CNT     *(volatile u16*)0x4000102

#define REG_TM1CNT     *(volatile u16*)0x4000106

#define REG_TM2CNT     *(volatile u16*)0x400010A

#define REG_TM3CNT     *(volatile u16*)0x400010E

//define the timer data addresses

#define REG_TM0D       *(volatile u16*)0x4000100

#define REG_TM1D       *(volatile u16*)0x4000104

#define REG_TM2D       *(volatile u16*)0x4000108

#define REG_TM3D       *(volatile u16*)0x400010C

//macro to change the video mode

#define SetMode(mode) REG_DISPCNT = (mode)

//create a pointer to the video buffer

unsigned short* videoBuffer = (unsigned short*)0x6000000;

//define some video addresses

#define REG_DISPCNT *(volatile unsigned short*)0x4000000

#define BGPaletteMem ((unsigned short*)0x5000000)

//declare scanline counter for vertical blank

volatile u16* ScanlineCounter = (volatile u16*)0x4000006;

//define object attribute memory state address

#define SpriteMem ((unsigned short*)0x7000000)

//define object attribute memory image address

#define SpriteData ((unsigned short*)0x6010000)

//video modes 3-5, OAMData starts at 0x6010000 + 8192

unsigned short* SpriteData3 = SpriteData + 8192;
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//define object attribute memory palette address

#define SpritePal ((unsigned short*)0x5000200)

//misc sprite constants

#define OBJ_MAP_2D 0x0

#define OBJ_MAP_1D 0x40

#define OBJ_ENABLE 0x1000

#define BG2_ENABLE0x400

//attribute0 stuff

#define ROTATION_FLAG    0x100

#define SIZE_DOUBLE       0x200

#define MODE_NORMAL       0x0

#define MODE_TRANSPARENT  0x400

#define MODE_WINDOWED     0x800

#define MOSAIC            0x1000

#define COLOR_256         0x2000

#define SQUARE            0x0

#define TALL              0x4000

#define WIDE              0x8000

//attribute1 stuff

#define SIZE_8            0x0

#define SIZE_16           0x4000

#define SIZE_32           0x8000

#define SIZE_64           0xC000

//an entry for object attribute memory (OAM)

typedef struct tagSprite

{

    unsigned short attribute0;

    unsigned short attribute1;

    unsigned short attribute2;

    unsigned short attribute3;
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}Sprite,*pSprite;

//create an array of 128 sprites equal to OAM

Sprite sprites[128];

typedef struct tagSpriteHandler

{

    int alive;

    int x, y;

    int dirx, diry;

    int size;

}SpriteHandler;

SpriteHandler mysprites[128];

//////////////////////////////////////////////////

// Function: Print

// Prints a string using the hard-coded font

//////////////////////////////////////////////////

void Print(int left, int top, char *str, unsigned short color)

{

    int pos = 0;

    while (*str)

    {

        DrawChar(left + pos, top, *str++, color);

        pos += 8;

    }

}

//////////////////////////////////////////////////

// Function: DrawChar

// Draws a character one pixel at a time

//////////////////////////////////////////////////
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void DrawChar(int left, int top, char letter, unsigned short color)

{

    int x, y;

    int draw;

    for(y = 0; y < 8; y++)

        for (x = 0; x < 8; x++)

        {

            // grab a pixel from the font char

            draw = font[(letter-32) * 64 + y * 8 + x];

            // if pixel = 1, then draw it

            if (draw)

                DrawPixel3(left + x, top + y, color);

        }

}

//////////////////////////////////////////////////

// Function: DrawPixel3

// Draws a pixel in mode 3

//////////////////////////////////////////////////

void DrawPixel3(int x, int y, unsigned short color)

{

    videoBuffer[y * 240 + x] = color;

}

/////////////////////////////////////////////////////////////

// Function: WaitVBlank

// Checks the scanline counter for the vertical blank period

/////////////////////////////////////////////////////////////

void WaitVBlank(void)

{

    while(!(*ScanlineCounter));

    while((*ScanlineCounter));

}
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#endif

The Framerate Source
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////////////////////////////////////////////////////////////

// Programming The Game Boy Advance

// Chapter 8: Using Interrupts and Timers

// Framerate Project

// main.c source code file

////////////////////////////////////////////////////////////

#define MULTIBOOT int __gba_multiboot;

MULTIBOOT

#include "main.h"

#define NUMBALLS 10

////////////////////////////////////////////////////////////

// Function: HideSprites

// Moves all sprites off the screen

////////////////////////////////////////////////////////////

void HideSprites()

{

    int n;

    for (n = 0; n < 128; n++)

    {

        sprites[n].attribute0 = 160;

        sprites[n].attribute1 = 240;

    }
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}

////////////////////////////////////////////////////////////

// Function: MoveSprite

// Changes sprite attributes for x,y positions

////////////////////////////////////////////////////////////

void MoveSprite(int num)

{

    //clear the old x value

    sprites[num].attribute1 = sprites[num].attribute1 & 0xFE00;  

    sprites[num].attribute1 = sprites[num].attribute1 | mysprites[num].x;

    //clear the old y value

    sprites[num].attribute0 = sprites[num].attribute0 & 0xFF00;  

    sprites[num].attribute0 = sprites[num].attribute0 | mysprites[num].y;

}

////////////////////////////////////////////////////////////

// Function: UpdateSpriteMemory

// Copies the sprite array into OAM memory

////////////////////////////////////////////////////////////

void UpdateSpriteMemory(void)

{

    int n;

    unsigned short* temp;

    temp = (unsigned short*)sprites;

    for(n = 0; n < 128 * 4; n++)

        SpriteMem[n] = temp[n];

}

/////////////////////////////////////////////////////////////

// Function: InitSprite

// Initializes a sprite within the sprite handler array

/////////////////////////////////////////////////////////////
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void InitSprite(int num, int x, int y, int size, int color, int tileIndex)

{

    unsigned int sprite_size = 0;

    

    mysprites[num].alive = 1;

    mysprites[num].size = size;

    mysprites[num].x = x;

    mysprites[num].y = y;

    //in modes 3-5, tiles start at 512, modes 0-2 start at 0

    sprites[num].attribute2 = tileIndex;

    //initialize

    sprites[num].attribute0 = color | y;

    switch (size)

    {

        case 8: sprite_size = SIZE_8; break;

        case 16: sprite_size = SIZE_16; break;

        case 32: sprite_size = SIZE_32; break;

        case 64: sprite_size = SIZE_64; break;

    }

sprites[num].attribute1 = sprite_size | x;

}

////////////////////////////////////////////////////////////

// Function: UpdateBall

// Copies current ball sprite frame into OAM

////////////////////////////////////////////////////////////

void UpdateBall(index)

{

    u16 n;

    //copy sprite frame into OAM
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    for(n = 0; n < 512; n++)

        SpriteData3[n] = ballData[(512*index)+n];

}

////////////////////////////////////////////////////////////

// Function: main()

// Entry point for the program

////////////////////////////////////////////////////////////

int main()

{

    char str[10];

    int n;

    int frames = 0;

    int timer = 0;

    //set the video mode--mode 3, bg 2, with sprite support

    SetMode(3 | OBJ_ENABLE | OBJ_MAP_1D | BG2_ENABLE);

    //draw the background

    for(n=0; n < 38400; n++)

    videoBuffer[n] = bg_Bitmap[n];

    //set the sprite palette

for(n = 0; n < 256; n++)

SpritePal[n] = ballPalette[n];

    //move all sprites off the screen

    HideSprites();

    //initialize the balls--note all sprites use the same image (512)

    for (n = 0; n < NUMBALLS; n++)

    {

        InitSprite(n, rand() % 230, rand() % 150, ball_WIDTH, 

            COLOR_256, 512);
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        while (mysprites[n].dirx == 0)

            mysprites[n].dirx = rand() % 6 - 3;

        while (mysprites[n].diry == 0)

            mysprites[n].diry = rand() % 6 - 3;

    }

    int ball_index=0;

    //start the timer

    REG_TM3CNT = TIMER_FREQUENCY_256 | TIMER_ENABLE;

    //main loop

    while(1)

    {

        //increment the ball animation frame

        if(++ball_index > 31)ball_index=0;

        UpdateBall(ball_index);

        

        for (n = 0; n < NUMBALLS; n++)

        {

            //update sprite x position

            mysprites[n].x += mysprites[n].dirx;

            if (mysprites[n].x > 239 - mysprites[n].size)

            {

                mysprites[n].x = 239 - mysprites[n].size;

                mysprites[n].dirx *= -1;

            }

            if (mysprites[n].x < 1)

            {

                mysprites[n].x = 1;

                mysprites[n].dirx *= -1;

            }
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            //update sprite y position

            mysprites[n].y += mysprites[n].diry;

            if (mysprites[n].y > 159 - mysprites[n].size)

            {

                mysprites[n].y = 159 - mysprites[n].size;

                mysprites[n].diry *= -1;

            }

            if (mysprites[n].y < 1)

            {

                mysprites[n].y = 1;

                mysprites[n].diry *= -1;

            }

            //update the sprite properties

            MoveSprite(n);

        }

        //copy all sprites into object attribute memory

        WaitVBlank();

        UpdateSpriteMemory();

        timer = REG_TM3D / (65536 / 1000);

        frames++;

        if (timer > 999)

        {

            //erase top of screen

            for(n=0; n < 2400; n++)

              videoBuffer[n] = bg_Bitmap[n];

            //display frame rate

            sprintf(str, "FPS %i", frames);

            Print(1, 1, str, 0xFFFF);

            frames = 0;

        }
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    }

}
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