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“P=L Exercise 1
Display the demo image on the bottom screen

= Show the provided demo image on the bottom screen
= configure the background correctly

(Ext. Rotoscale in 8-bit mode) « *

= configure arrows.grit with correct flags
= transfer palette and bit map to correct location

void configureGraphics Sub () {

// Configure the SUB engine in mode 5 and activate background 2
REG DISPCNT SUB = MODE 5 2D | DISPLAY BGZ ACTIVE;

R e L = T — N Vg, [ . T VY e e T ey MOde 5 / BG2 +
// Configure the corresponding VRAM memory bank dorrectly
VRAM C CR = VRAM ENABLE | VRAM C_ SUB BG; VRAM C for sub

vold configBGZ Sub () {

// Configure background BG2 in extended rotoscale mode using 8bit

BGCTRL SUB[2] = BG BMP BASE(0) | BG BMP8 256x256; BG configuration

// Transfer image and palette to the corresponding memory locatic .
swiCopy (arrowsBitmap, BG GFX SUB, arrowsBitmapLen/2); Bltmap/palette COpy
swiCopy (arrowsPal, BG PALETTE SUB, arrowsPallen/2); from grlt header

// Set up affine matrix COH!‘I’OI’S. gn't
REG BG2PA SUB = 256;

REG BG2PC_SUB = 0; Affine transformation matrix - £
REG_BG-FBE_SUB = 0; Default values - no transf. e grit flags
REG_BG2PD SUB = 256; —gB8
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“P=L ExerC|se_2
Character on main screen

= Configure the main screen in tiled mode and draw the character in center
= Configure the background correctly
= Construct the character’s tiles
= Fill with empty tiles (provided)
= Draw the character in the center

_onfigure the MAIN engine in mode 5 activa
REG DISPCNT = MODE 5 2D | DISPLAY BGO ACTIVE;
'/ Configure the VRAM bank A accordingly 1. Mode 5/BG O
VRAM A CR = VRAM ENABLE | VRAM A MAIN BG; 2. VRAM A for main
'/ Configure background BGO in 32x32 tiled 3. BG Configuration
GCTRL[O0] = BG_MAP_BASE@|BG_TILE_BASE - separate tiles / map

| BG_32x32 | BG_COLOR_256;

u8 player Tile[64] = {
0,0,0,1,1,0,0,0,
0,0,1,1,1,1,0,0,
o,1,1,1,1,1,1,0,
i,1,1,1,1,1,1,1,
i,1,1,1,1,1,1,1,
o,1,1,1,1,1,1,0,
0,0,1,1,1,1,0,0,
0,0,0,1,1,0,0,0,

Diamond tile definition
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“P=L Exercise 2

Tile copies, palette and map filling

// Copy the tile(s) to the VRAM _
dmaCopy (empty Tile, (us*)BG TILE RAM(0), 64); copy 2 tiles of 64 bytes,
dmaCopy (player Tile, (u8*)BG TILE RAM(0) + 64, 64);| continuous in VRAM

// Set color(s) in the palette
BG_PALETTE[I] = RED;

Write RED to palette pos. 1
(Pos. 0 is transparent color)

// Fill screen with transparent tiles

Fill the screen
{  screen is 24x32 tiles
BG_MAP maM(1) [1%32+3] =(0)) - fill all with empty (tile 0)

for(int i=0;i<24;i++) {

for (int j=0;3<32;j++)

}

}

;é ;i; ;zz(T?iiligzrigiei i? the 4 central tiles of « 4 central tiles:
BG Map raM(1) |11p324diel =|1; o (11,15)

BG MAP RAM(1) |12p32415) =|1; o (11, 16)
BG_MAP RAM (1) |12f32416] =|1; o (12, 19)

o (12, 16)

Note that we use BG_MAP_RAM(1) and BG_TILE RAM(0) since
oesuerr. We configured the BG with BG_MAP_BASE(1) | BG_TILE_BASE(0) ) 4

« fill center with player (tile 1)




“PEL Exercise 2
Separating tiles and map in VRAM

= How the VRAM memory is mapped and used?

= BG_TILE_BASE(x) increases = BG_MAP_BASE(x) increases
address multiple of 16KB (0x4000) address multiple of 2KB (0x800)

0x0000 0x0000
BG_MAP_RAM 0
0x0800

2 tiles: Map:

. . ... 32x32 tiles (2Bltile)
2*64B/tile=128B BG TILE RAMO |

- = 2KB

0x3000
BG_MAP_RAM 6

0x3800

BG_MAP_RAM 7
0x4000

I
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“P=L Exercise 3
Use timer interrupts to initialize the game

= Use atimer to count a timeout, press X/ START in time
= Use a 200ms tick to count 3 seconds
= Associate the timerlSR
= Use the best possible resolution
= |If XISTART pressed - initGame()

Divider F=(33.514/DIV)MHz | Ty u=218 IF timeout initGame()
TIMER_DIV_1 | 33.514 MHz | 1.955 ms = Only div. 256/1024 can count 200ms
TIMER_DIV_64 523.656 kHz 125.151 ms S L
TIMER_DIV_256 | 130.914 kHz |[500.603 ms " Best re.s.olutlon. lowest divider

TIMER DIV 1024 |  32.729 kHz || 2.002s = Best divider: 256

TIMERO DATA = TIMER_FREQ_25; = 5Hz=> T=1/5=0.2s =200ms

TIMERO CR = TIMER DIV 256 | TIMER IRQ REQ | TIMER ENABLE;
irgSet (IRQ TIMERO, |&timerISR); = Associate timerISR()

irgEnable (IRQ TIMERO) ;

vold timerISR () {
Timer tickeoii: = increase tick
if (timer_ticks >= 15) = at 15 ticks (3 seconds):
lrgbisable (IRQ_TIMERO) ; o disable the timer interrupt
| playerhoses () o call playerLoses()
‘ 6
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“P=L Exercise 3
X | START press, initGame() - playerLoses()

scanKevys () ;

1. Read keys pressed with polling
2. Check if START or A was pressed

- call initGame()

keys = keysDown () ;
if (keys & (KEY START | KEY A)) {

initGame () ;

}
How do the functions initGame() / playerLoses fill the screen?
void playerloses() { void ?njtﬁame{] {_

Copt =i o K e | n the

A P 1 T1Llels) To The VAN

dmaCopy (empty_newTile, (uBx]BG_TILE_RAM(BN, 64);
F L'__'.;_'_:__, '_':'E' red t;..c tao j.".:_: |I.-.'_I'_','-_' dl‘l’aCDFl'ffDlﬂ'fEP_l‘lE'ﬂ'Ti'LE, {US*] IBE_TILE_RF‘.HEG1 + 'flih 'q'r_'l":|:||-
dmaCopy(red_Tile, (u8*) |B6_TILE_RAM(D)| + 128, 64);

playerLost = 1;

for(int i=0;i<24;i++) { for(int i=0;i<24;i++) {
for(int j=0;§<32:9++) { for(int §=0;j<32:5++) {
IB6_MAP_RAM(L)J[ix32+3] = 2; [B6_MAP_RAM(D|[i%32+3] = B;
1 }
} }
|2 // Set the vpdated player tiles in the center of the scr
0n|y works if: BG_MAP_RAM({1Q[11#32+15] = 1;
BG_MAP_RAM(IN[11%32+16] = 1;
BGCTRL[0] = |BG MAP BASE(1l) |BG TILE BASE (0)| |[BG-MAP_RAM(1)[12%32+15] = 1;
BG_MAP_RAM(IN[12%x32+16] = 1;

| BG 32x32 | BG_COLOR 256;
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“P=L Exercise 3
Mismatch between RAM and BASE macros

What happens if we use:
« BG_TILE_BASE(1) and BG_TILE_RAM(0)
« BG_MAP_BASE(0) and BG_MAP_RAM(1)

0x000

Copied tiles here

0x0000
BG_MAP\RAM 0

0x0800

Copied map here
BG_TILE_RAM 0

x3000
BG_MAP_RAM 6

0x{800
BG_MAP_RAM 7

0x4000 “%“‘7Z{i,/”ﬂ#

But engin; looks for And for the map here
the tiles here ( BG_TILE_BASE(1)) (BG_MAP_BASE(0) )
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“PEL Exercise 4
Use touchscreen arrows to move player

= Move the main character when touching the arrows
= Four directions are available: left, right, up, and down

= Use touchscreen polling coordinates to decide action -”5“9* »

= Move tiles according to movePlayer<direction>() “8opx ‘
1t (keys & KEY TOUCH) A 1. Check if a touch was made
touchRead (&touch) ; 2. Read the touch coordinates
if ((touch.px >= 100) && (touch.px < 150) {
L (t““;” “Ugfi 1. lsolate to 100 < x < 150
mowve ayerlp ‘
clee if (ouch.py o= 110) 2. Isolate y for Up/Down arrows
_ 3. Call the corresponding function
movePlayerDown () ;

1

if ((touch.py >= 70) && (touch.py < 120)) |{
if (touch.px < 83)

1. Isolateto 70 =y <120
2. lIsolate x for Right/Left arrows
3. Call the corresponding function

movePlayerLeft (),
else if (touch.px >= 180)
movePlayerRight () ;

J 9
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“P=L Exercise 4

Moving plaver’s tiles and screen borders

= Player consists of 4 tiles in square

= top-left: (x1, y1) (x1, y1)
= bottom-right: (x2, y2) S (XZ, y2)

vold movePlayerRight () {

'/ Check if player is at the right edge

if (playerX2 == 31) return; ReSpe.Ct right edge
no action - return;

// Clear previous position using tile 0

e_MAF_RAM(L) [playerylisssplaverxil = U1 Clear left-most tiles (no trace)
BG MAP RAM(1l) [playerYZ*3Z+playerXl] = 0;

'/ Move player and update the tile map
playerxl += 1; Advance x coordinates to the right
playerx2 += 1; Retain y coordinates

BG MAP RAM(1) [playerYl*32+playerx2] = 1; Draw new right-most tiles

BG MAP RAM(1l) [playerYZ*3Z+playerXl] = 1; (1 tlle dlsplacement)

Same logic applies to Left, Up, Down displacements:
1. Only one coordinate advances (x or y)
OESL/EPFL 2. Respect screen borders 10



“P=L Exercise 5
Multiple backgrounds for portal teleportation

BEEP 2230000005008 5009 9900881
LLLL L LIl LA A ALl ILlLI il Rl
LI LI LI I ALl L Il Xl IRl
LA ARl il il il il il lad )]
Ll AL Ll XX il 1l il it il Ll syl
(LTI I ISR LR R LR 2 X
bbb 4223300000000 bbb bbbt b dd
LAA ALl Il Ll il i il i il ll
el il il ddllll il Al il llAl el llaldl
ettt bttt bbbttt b
FRRER PRSP RR R RbP RN RN RN e RN

= Use an overlapping Rotoscale background on main screen
= Change BG priorities so portal appears on top of the grid

= Draw a portal with width equal to 1 tile at right edge

= Teleport the character to left edge when passing through

REG_DISPCNT = MODE 5 2D | DISPLAY BGO ACTIVE || DISPLAY BG2 ACTIVE;|

BGCTRL[2] = B6_BMP B.ﬂ.SL@ | BG B"1@2':ﬁ:-x2bt:- | [ee_eriority(e);] o SKkip tiles/tile-map of BG O

:E Etjr - f‘" « BG _BMP _BASE: offset 16 KB
REG_BG2PE = 0: «  16-bit mode: framebuffer emul.
REG BR2RD = e * Periority 0 (highest)
for(int i=0;i<192;i++) {

for(int|§=248:4<256:f++) { . . ) )

BG_BMP_RAM(L) [18256+4] = MAGENTA: Draw final 8 pixels of each row (1-tile width)

}
}
BGCTRL[0] = BG MAP BASE(l)|BG TILE BASE(0)| BG 32x32 | ..

BG COLOR 256 [| BG PRIORITY (1);] Lower priority of BGOto 1
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Exercise 5
eportation implementation

if (playerX2

b,

== 30)

BG_MAP_RAM(1)
BG_MAP_RAM(1)
BG_MAP_RAM(1)
BG_MAP_RAM(1)

[playerYl*32+playerXl]
[player¥2+32+playerxl]
[player¥lx32+playerx?]
[player¥2*x32+playerx?]

playerxl =
playerxZ = 1
BG_MAP_RAM(1)
BG_MAP_RAM(1)
BG_MAP_RAM(1)
BG_MAP_RAM(1)

B;

-
=

player¥l«32+playerXl

— — —

playerYl+32+playerXl]

playerY2*32+playerXl]
player¥2*32+playeri?]

| :>
movePlayerRight()
« Teleportation can only happen:
o when moving right
= 0; o AND player touches portal (x2 = 30)
. » Clear previous position (all 4 tiles)
_1.| * Instantiate player at the left:
] = 1; o same y coordinates

i o completely visible (x1 =0, x2 = 1)

return;

}
©ESL/EPFL

12



cPrL

Questions?
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