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Rasterization

레스터라이제이션(Rasterization)이란 ?
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Why Triangle

레스터라이제이션에적합한도형
볼록한다각형(Convex Polygon)

볼록한다각형
= 삼각형(Triangle)의조합
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Triangle (I)

삼각형의구성
3개의정점(Vertex), 3개의엣지(Edge)

삼각형의레스터라이징
Y축방향으로상에서하로
X축방향으로레스터라이징
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Triangle (II)

각정점을 Y값순으로 V1, V2, V3로정의
양쪽의엣지결정가능
V1 -> V2, V2 -> V3
V1 -> V3

V2 라인을중심으로두부분으로분리가능
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Interpolation (I)

선형보간 (Linear Interpolation)이란
F(t)= F1 * (1 – t) + F2 * t

= F1 + (F2 – F1) * t
간단한예1
#include <stdio.h>
void Interpolation(int x1, int x2, int len)
{
int i;
for(i=0; i<len; i++)
printf("%d ", x1 + (x2-x1) * i / len);

}
void main()
{
Interpolation(5, 20, 20);
}
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Interpolation (II)

간단한예2 -라인그리기
void DrawLine(int x1, int y1, int x2, int y2, unsigned long color)
{
if (y1 > y2)
DrawLine(x2, y2, x1, y1, color);
else
{
int y;
for(y=y1; y<=y2; y++)
PutPixel(x1 + (int)((x2 - x2) * (y-y1+0.5f) / (y2-y1+1)), y, color);

}
}
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Triangle rendering Sample
#include <windows.h>

struct _VTX {
int x, y;
} ;

void DrawLine(HDC hdc, int x1, int x2, int y);
void DrawTriangle(HDC hdc, const _VTX *v1, const _VTX *v2, const _VTX *v3);

LRESULT CALLBACK WinProc(HWND hWnd, UINT message, WPARAM wParam, LPARAM lParam)
{
static _VTX v[3];
static int vn=0;
switch (message)
{
case WM_LBUTTONDOWN:
v[vn%3].x = LOWORD(lParam);
v[vn%3].y = HIWORD(lParam);
vn++;
InvalidateRect(hWnd, NULL, TRUE);
UpdateWindow(hWnd);
break;
case WM_DESTROY:
PostQuitMessage(0);
break;
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case WM_PAINT:
{
PAINTSTRUCT ps;
HDC hdc;
hdc = BeginPaint(hWnd, &ps);
if (vn >= 3)
DrawTriangle(hdc, &v[0], &v[1], &v[2]);
EndPaint(hWnd, &ps);
break;
}
default:
return DefWindowProc(hWnd, message, wParam, lParam);

}
return 0;
}

int APIENTRY WinMain(HINSTANCE hInstance, HINSTANCE hPrevInstance, LPSTR lpCmdLine, int 
nCmdShow)
{
HWND hwnd;
WNDCLASS wcl;
MSG msg;

wcl.style = 0;
wcl.lpfnWndProc = WinProc;
wcl.cbClsExtra = 0;
wcl.cbWndExtra = 0;
wcl.hInstance = hInstance;
wcl.hIcon = LoadIcon(NULL, (LPCTSTR)IDI_APPLICATION);
wcl.hCursor = LoadCursor(NULL, IDC_ARROW);
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wcl.hbrBackground = (HBRUSH) GetStockObject(BLACK_BRUSH);
wcl.lpszMenuName = NULL;
wcl.lpszClassName = "_simple";

if (!RegisterClass(&wcl))
return NULL;

hwnd = CreateWindow(wcl.lpszClassName, "_triangle",
WS_OVERLAPPEDWINDOW|WS_VISIBLE, CW_USEDEFAULT, CW_USEDEFAULT,
CW__USEDEFAULT, CW_USEDEFAULT, NULL, hInstance, NULL);

while(GetMessage(&msg,NULL, 0, 0)) {
TranslateMessage (&msg) ;
DispatchMessage (&msg) ;
}

return msg.wParam;
}

void DrawLine(HDC hdc, int x1, int x2, int y)
{
if (x1 > x2)
{
DrawLine(hdc, x2, x1, y);
}   else
{
int x;
for(x=x1; x<=x2; x++)
::SetPixel(hdc, x, y, RGB(255, 255, 255));

}
}
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void DrawTriangle(HDC hdc, const _VTX *v1, const _VTX *v2, const _VTX *v3)
{
if (v1->y > v2->y) {
DrawTriangle(hdc, v2, v1, v3);
}   else
if (v1->y > v3->y) {
DrawTriangle(hdc, v3, v2, v1);
}   else
if (v2->y > v3->y) {
DrawTriangle(hdc, v1, v3, v2);
}   else {
int y;
int x1, x2;

for(y=v1->y; y<v2->y; y++) {
x1 = v1->x + (int)((v2->x - v1->x) * (y - v1->y + 0.5f) / (v2->y - v1->y));
x2 = v1->x + (int)((v3->x - v1->x) * (y - v1->y + 0.5f) / (v3->y - v1->y + 1));

DrawLine(hdc, x1, x2, y);
}
for(; y<=v3->y; y++) {
x1 = v2->x + (int)((v3->x - v2->x) * (y - v2->y + 0.5f) / (v3->y - v2->y + 1));
x2 = v1->x + (int)((v3->x - v1->x) * (y - v1->y + 0.5f) / (v3->y - v1->y + 1));

DrawLine(hdc, x1, x2, y);
}
}
}
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Gouraud Shading

정점(vertex)정보에색(color)값이포함됨

각엣지보간시 R,G,B색정보도보간함
스팬(span)레스터라이징할때는양 Edge의 R, G, 
B값을보간함
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Triangle rendering Sample
Color Blending

struct _VTX {
int x, y;
unsigned long color;
} ;

struct _EDGE {
int x;
float r, g, b;
} ;

LRESULT CALLBACK WinProc(HWND hWnd, UINT message, WPARAM wParam, LPARAM lParam)
{

….
case WM_LBUTTONDOWN:
v[vn%3].x = LOWORD(lParam);
v[vn%3].y = HIWORD(lParam);
v[vn%3].color = RGB(rand()&0xFF, rand()&0xFF, rand()&0xFF);
vn++;
InvalidateRect(hWnd, NULL, TRUE);
UpdateWindow(hWnd);
break;

….
}
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#define _R(C) (float)((C>>16)&0xFF)
#define _G(C) (float)((C>>8)&0xFF)
#define _B(C) (float)(C&0xFF)

void DrawTriangle(HDC hdc, const _VTX *v1, const _VTX *v2, const _VTX *v3)
{
if (v1->y > v2->y) {
DrawTriangle(hdc, v2, v1, v3);
}   else
if (v1->y > v3->y) {
DrawTriangle(hdc, v3, v2, v1);
}   else
if (v2->y > v3->y) {
DrawTriangle(hdc, v1, v3, v2);
}   else {
int y;
_EDGE e1, e2;
float t;

for(y=v1->y; y<v2->y; y++) {
t = (y - v1->y + 0.5f) / (v2->y - v1->y);
e1.x = v1->x + (int) ((v2->x - v1->x) * t);
e1.r = _R(v1->color) + (_R(v2->color) - _R(v1->color)) * t;
e1.g = _G(v1->color) + (_G(v2->color) - _G(v1->color)) * t;
e1.b = _B(v1->color) + (_B(v2->color) - _B(v1->color)) * t;

t = (y - v1->y + 0.5f) / (v3->y - v1->y + 1);
e2.x = v1->x + (int) ((v3->x - v1->x) * t);
e2.r = _R(v1->color) + (_R(v3->color) - _R(v1->color)) * t;
e2.g = _G(v1->color) + (_G(v3->color) - _G(v1->color)) * t;
e2.b = _B(v1->color) + (_B(v3->color) - _B(v1->color)) * t;

DrawLine(hdc, &e1, &e2, y);
}
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for(; y<=v3->y; y++) {
t = (y - v2->y + 0.5f) / (v3->y - v2->y + 1);
e1.x = v2->x + (int) ((v3->x - v2->x) * t);
e1.r = _R(v2->color) + (_R(v3->color) - _R(v2->color)) * t;
e1.g = _G(v2->color) + (_G(v3->color) - _G(v2->color)) * t;
e1.b = _B(v2->color) + (_B(v3->color) - _B(v2->color)) * t;

t = (y - v1->y + 0.5f) / (v3->y - v1->y + 1);
e2.x = v1->x + (int) ((v3->x - v1->x) * t);
e2.r = _R(v1->color) + (_R(v3->color) - _R(v1->color)) * t;
e2.g = _G(v1->color) + (_G(v3->color) - _G(v1->color)) * t;
e2.b = _B(v1->color) + (_B(v3->color) - _B(v1->color)) * t;

DrawLine(hdc, &e1, &e2, y);
}
}
}

void DrawLine(HDC hdc, const _EDGE *e1, const _EDGE *e2, int y)
{
if (e1->x > e2->x) {
DrawLine(hdc, e2, e1, y);
}   else {
int x;
float r, g, b;
for(x=e1->x; x<=e2->x; x++) {
r = e1->r + (e2->r - e1->r) * (x - e1->x + 0.5f) / (e2->x - e1->x + 1);
g = e1->g + (e2->g - e1->g) * (x - e1->x + 0.5f) / (e2->x - e1->x + 1);
b = e1->b + (e2->b - e1->b) * (x - e1->x + 0.5f) / (e2->x - e1->x + 1);
::SetPixel(hdc, x, y, RGB((int)r, (int)g, (int)b));
}
}
}
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Texture Mapping I

맵소스이미지(texture)를사상(mapping)함

각정점의 U, V (텍스처의 X, Y를매핑
시킨값)을보간
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Perspective Correction (I)

화면에투영된공간의이미지는 z 의영향을받음

z에반비례하며 1/z 에비례
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Perspective Correction (II)

원근보정(Perspective Correct) 보간적용
F(t) = F1 * (1-t) / z1 + F2 * t / z2

(1-t) / z1 + t / z2
N픽셀마다보정해주고, N픽셀사이는 u,v 만선
형보간하는방법으로속도향상가능
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Texture Blending (I)

Point Sampling
Fpo(u,v) = Tex(u’, v’)
u’ = u * Wtex, v’ = v * Htex

Bilinear Filtering
Fbi(u, v) = I(u’,v’) * w00 + I(u’+1,v’) * w10 +

I(u’,v’+1) * w01 + I(u’+1,v’+1) * w11
u’’ = u’ – floor(u’), v’’ = v’ – floor(v’)
w00 = (1-u’’) * (1-v’’), w10 = u’’ * (1-v’’) 
w01 = (1-u’’) * v’’, w11 = u’’ * v’’
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Texture Blending (II)

Trilinear filtering
Bilinear filtering + Mip Map
Anisotropic filtering

Mip maping
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기타

Z Buffering
Z값, 혹은W값을보간함
픽셀별로 Z값을비교하여렌더링여부결정

알파블랜딩
프레임의칼라값과찍을칼라값을연산
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Issue (I)

Fixed Point Accelation

곱하기제거, 데이타형변환최소

#define INT2FIXED(A) ((A)<<16)
#define FLOAT2FIXED(A) (int)((A)*65536.0f)
#define FIXED2INT(A) ((A)>>16)
#define _FIXED int

void Interpolation(int x1, int x2, int len)
{
int i;
_FIXED x, dx;
x = INT2FIXED(x1);
dx = (INT2FIXED(x2) - INT2FIXED(x1)) / len;
for(i=0; i<len; i++, x+=dx)

printf("%d ", FIXED2INT(x));
}
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Issue (II)

Fixed Point Tip -연산회수줄이기
#include <stdio.h>

void Interpolation(int u1, int v1, int u2, int v2, int len) // u, v = 0.0 ~ 127.0
{
int i;
int uv, duv;
uv = ((u1 << 8) & 0x00007FFF) | (((v1 << 8) << 16) & 0x7FFF0000);
duv = ((((u2 - u1) << 8) / len) & 0x00007FFF) |
(((((v2 - v1) << 8) / len) << 16) & 0x7FFF0000);
for(i=0; i<=len; i++, uv=(uv+duv)&0x7FFF7FFF)
{
printf("%2d : %d %d\n", i, (uv>>8)&0x7F, (uv>>(16+8))&0x7F);
}
}

void main()
{
Interpolation(10, 127, 100, 20, 10);
}
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Issue (III)

Span-buffer Rendering

Texture Caching

Skipping Zbuffer Clearing
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Q/A


