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Mirror Effect

Using Stencil Buffer

O Stencil Buffer ©]-8-3}7]
m Direct3D* 7] 3} 37 o] A stencil bufferE &7 3l oF gt
w O]-&3 Aol o] & G S| A §F
Device->SetRenderState(D3DRS_STENCILENABLE, true); // & 3}
... // stencil## 24 S 43
Device->SetRenderState(D3DRS_STENCILENABLE, false);
O Stencil buffer®] W8-S clears}”] (back buffer, depth
bufferol] A & R 3} 5 A 3
Device->clear(0 /* num of rectangles */, 0 /* rectangles */,
D3DCLEAR_TARGET | D3DCLEAR_ZBUFFER | D3SDCLEAR_STENCIL,
0xff000000 /* target */,
1.0f /* depth */,
0 /* stencil */);

Using Stencil Buffer

O Stencil Buffer 2.7 3} 7]
w 2RI B o= glo] Bl o} A A ShaL B ¥ = TR
= Zol o] Xulg A uf el WH o] xule A 475
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O Depth/Stencil buffer format

m D3DFMT_D24S8: 32-bit depth/stencil buffer, pixeld 24-bit depth
buffer/8-bit stencil bufferol] g+

u D3DFMT_D24X4S54: 32-bit depth/stencil buffer, pixel @ 24-bit depth
buffer/4-bit stencil bufferell &3 W™ A 4-bit= o] &3} 4] &+

= D3DFMT_D15S51: 16-bit depth/stencil buffer; pixel'd 15-bit depth
buffer/1-bit stencil bufferl] 3+4-3}.

= D3DFMT_D32% depth bufferdl ¥} 32-bitE &% (stencil buffer= §1+)

m Stencil #] ¥ graphics cardell w2} 22} 4= 9 & (8-bit stencil &
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Stencil Test

O Stencil test
» 2~ElA W3 & A}8-3}¢] Back buffer®] A §-i-9] rendering™ =
A& v 54 pixel©] rendering™] -5 4 7d 3l oF 3t
= (StencilRef & Stencil Mask) CompFunc (StencilBufferValue &
StencilMask)
StencilRef: app©] “d ] g} stencil reference %k. Default= 0. ¥ 2] 2|
gagk
StencilMask: app©] 4 ©] & stencil mask#k. AH&-3174] 25 bits
7H5= & . Default OxfFfFEfff
StencilBufferValue: Bl ~E 3} 2 & & A pixel?] stencil buffer#t
2~®A H 2~ E A7} trueo]H 28I S 57314 back bufferol]
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Stencil Test Control

Stencil Test Control

O Stencil testol] =814 %3 7k (reference value), 7}~ =
(mask), H] 1L A 4FA}(comparison function) & A 4

O Stencil testE 913 7k A1 A 9 o
// enable stencil test
pDevice->SetRenderState(D3DRS_STENCILENABLE, TRUE);
// specify the stencil comparison function
pDevice->SetRenderState(D3DRS_STENCILFUNC, D3DCMP_EQUAL);

// set the comparison reference value
pDevice->SetRenderState(D3DRS_STENCILREF, 0x1); a1
9] 16-bitE A&

// specify a stencil mask /
pDevice->SetRenderState(D3DRS_STE MASK, 0x0000ffff);

Default+= 0.
1671 o] &3l v E v &2l 9 AND A4t ¢

o B 1 AAHA} (CompFunc)2] %] 73:
Device->SetRenderState(D3DRS_STENCILFUNC, D3DCMP_LESS);
0 D3DCMPFUNC enum type®] 8.4x:
® D3DCMP_ALWAYS: default]. &4 test=S 3 == &
s D3DCMP_NEVER: test”} &4 A 7)) g+

= D3DCMP_LESS/EQUAL,/LESSQUAL/GREATER/NOTEQUAL/
GREATEREQUAL:lhs</ =/ <=/ >/ =/ >=rths

Stencil Buffer Update

Stencil Buffer Update

O Stencil test - 3714] “g-3oll wheh 2wl v v of g0
740 = e A

n 2EA HAET A3 79 stencil buffer’d A WS A 9
Device->SetRenderState(D3DRS_STENCILFAIL, StencilOperation);

u Zlo] HlAE7} A 53 9 stencil buffer7d 2 WHH S A o]
Device->SetRenderState(D3DRS_STENCILZFAIL, StencilOperation);

n 2HA HAE Zo] HAEV B AJF S 79 stencil buffer’d 2l
WS Al

Device->SetRenderState(D3DRS_STENCILPASS, StencilOperation);

D3DSTENCILOP_KEEP

O Stencil Operation

» = E D3DRS_STENCILXXX®] o3} defaults
D3DSTENCILOP_KEEP ¢].

= D3DSTENCILOP_KEEP/ZERO/REPLACE/INVERT: stencil
bufferdl &< 7+2, 00 2, StencilRef 3L 0. 2, == HHA

= D3DSTENCILOP_INCRSAT/DECRSAT/INCR/DECR: stencil
buffer@d5S S7HFA Bt Rt Holgto =), A 0v Rro]H
02.2), T7HANFET 2H 02.2), == 7 (0] vho]H
Holgho2)




Stencil Write Mask

O Stencil Write Mask
m Stencil bufferd]] 2o %] = BE 52 maskd.
m Default= Oxffffffff
Device->SetRenderState(D3DRS_STENCILWRITEMASK, 0x0000f£ff);

A9 16-bitE 7+

Sample: StencilMirrors
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Example: StencilMirror Overview

Example: StencilMirror
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#include “d3dUtility.h”

IDirect3DDevice9* Device = 0;
const int Width = 640;
Const int Height = 480;

IDirect3DVertexBuffer9* VB = 0;
IDirect3DTexture9* FloorTex= 0;
IDirect3DTexture9* MirrorTex= 0;

D3DMATERIAL9 FloorMtrl = d3d::WHITE_MTRL;
D3DMATERIALY WallMtrl = d3d::WHITE_MTRL;
D3DMATERIALY MirrorMtrl = d3d::WHITE_MTRL;

ID3DXMesh* Teapot = 0;
D3DXVECTORS3 TeapotPosition(0.0f, 3.0f, -7.5f);
D3DXMATERIAL TeapotMtrl = d3d:YELLOW_MTRL;

Example: StencilMirror

Example: StencilMirror

Struct Vertex {
Vertex() {}
Vertex(float x, float y, float z, float nx, float ny, float nz, float u, float v) {
X=X_y=y;,_z=1z
_Nz =nx, _Nny =ny; _Nnz =nz;
_u=u, _v=y;
}
float _x, _y, _z;
float _nx, _ny, _nz;
float _u, _v;
static const DWORD FVF;
I8
Const DWORD Vertex::FVF =
D3DFVF_XYZ | D3DFVF_NORMAL | D3DFVF_TEX1,;

bool Setup() {
WallMtrl.Specular = d3d::WHITE * 0.2f;
D3DXCreateTeapot(Device, &Teapot, 0); // create teapot
Device->CreateVertexBuffer(24 *sizeof(Vertex), 0, Vertex::FVF,

D3DPOOL_MANAGED, &VB, 0);

Vertex *v = 0;
VB->Lock(0, 0, (void**)&v, 0);
v[0] = Vertex(-7.5f, 0.0f, -10.0f, 0.0f, 1.0f, 0.0f, 0.0f, 1.0f);
v[1] = Vertex(-7.5f, 0.0f, 0.0f, 0.0f, 1.0f, 0.0f, 0.0f, 0.0f);
v[2] = Vertex(7.5£, 0.0f, 0.0f, 0.0f, 1.0f, 0.0f, 1.0f, 0.0f);

v[23] = Vertex( 2.5, 0.0f, 0.0f, 0.0f, 0.0f, -1.0f, 1.0f, 1.0f);
VB->Unlock();




Example: StencilMirror

Example: StencilMirror

// load textures, set filters

D3DXCreateTextureFromFile(Device, “checker.jpg”, &FloorTex);
D3DXCreateTextureFromFile(Device, “brick0.jpg”, &WallTex);
D3DXCreateTextureFromFile(Device, “ice.bmp”, &MirrorTex);
Device->SetSamplerState(0, D3DSAMP_MAGFILTER, D3DTEXF_LINEAR);
Device->SetSamplerState(0, D3SDSAMP_MINFILTER, D3DTEXF_LINEAR);
Device->SetSamplerState(0, D3SDSAMP_MIPFILTER, D3DTEXF_LINEAR);
// light

D3DXVECTOR3 lightDir(0.707f, -0.707£, 0.707f);

D3DXCOLOR color(1.0f, 1.0f, 1.0f, 1.0f);

D3DLIGHT?Y light = d3d::InitDirectionalLight(&lightDir, &color);
Device->SetLight(0, & light);

Device->LightEnable(0, true);
Device->SetRenderState(D3DRS_NORMALIZENORMALS, true);
Device->SetRenderState(D3DRS_SPECULARENABLE, true);

// set camera

// set projection matrix

return true;

bool Display(float timeDelta) {
if (Device) {

static float radius = 20.0f;

if (::GetAsyncKeyState(VK_LEFT) & 0x8000f)
TeapotPosition.x -= 3.0f * timeDelta;

if (:GetAsyncKeyState(VK_RIGHT) & 0x8000f)
TeapotPosition.x += 3.0f * timeDelta;

if (::GetAsyncKeyState(VK_UP) & 0x8000f)
radius -= 2.0f * timeDelta;

if (:GetAsyncKeyState(VK_DOWN) & 0x8000f)
radius += 2.0f * timeDelta;

static float angle = (3.0f * D3DX_PI) / 2.0f;

if (:GetAsyncKeyState("A”) & 0x8000f) angle -= 0.5f * timeDelta;

if (::GetAsyncKeyState('S") & 0x8000f) angle += 0.5f * timeDelta;

Example: StencilMirror

Example: StencilMirror

D3DXVECTOR3 position(cosf(angle)*radius, 3.0f, sinf(angle)*radius);
D3DXVECTORS3 target(0.0f, 0.0f, 0.0f);
D3DXVECTORS3 up(0.0f, 1.0f, 0.0f);
D3DXMATRIX V;
D3DXMatrixLookAtLH(&V, &position, &target, &up);
Device->SetTransform(D3DTS_VIEW, &V);
// draw scene
Device->Clear(0, 0, DSDCLEAR_TARGET | D3DCLEAR_ZBUFFER |
D3DCLEAR_STENCIL, 0xff000000, 1.0f, OL);
Device->BeginScene();
RenderScene();
RenderMirror();
Device->EndScene();
Device->Present(0, 0, 0, 0);
}

return true;

void RenderScene() {
// draw teapot
Device->SetMaterial(&TeapotMtrl);
Device->SetTexture(0, 0);
D3DXMATRIX W;
D3DXMatrixTranslation(&W, TeapotPosition.x, TeapotPosition.y,
TeapotPosition.z);
Device->SetTransform(D3DTS_WORLD, &W);
Teapot->DrawSubset(0);

D3DXMATRIX [;

D3DXMatrixIdentity (&I);
Device->SetTransform(D3DTS_WORLD, &I);
Device->SetStreamSource(0, VB, 0, sizeof(Vertex));
Device->SetFVF(Vertex::FVF);




Example: StencilMirror

// draw floor

Device->SetMaterial(&FloorMtrl);
Device->SetTexture(0, FloorTex);
Device->DrawPrimitive(D3SDPT_TRIANGLELIST, 0, 2);
// draw wall

Device->SetMaterial (&WallMtrl);
Device->SetTexture(0, WallTex);
Device->DrawPrimitive(D3DPT_TRIANGLELIST, 6, 4);
// draw mirror

Device->SetMaterial (&MirrorMtrl);
Device->SetTexture(0, MirrorTex);
Device->DrawPrimitive(D3DPT_TRIANGLELIST, 18, 2);

Example: StencilMirror

Void RenderMirror() | EICEEECEREEEEESE)

// draw mirror quad to stencil buffer ONLY
Device->SetRenderState(D3DRS_STENCILENABLE, true);

// stencil test”} &4+ AT =5 g
Device->SetRenderState(D3DRS_STENCILFUNC, D3DCMP_ALWAYS);
Device->SetRenderState(D3DRS_STENCILREF, 0x1);
Device->SetRenderState(D3DRS_STENCILMASK, Oxfffftfff);
Device->SetRenderState(D3DRS_STENCILWRITEMASK, Oxffffffff);

// depth test7} 24 3 81 pixelo] 7FH A &S ofv] AW T D& fl5.
Device->SetRenderState(D3DRS_STENCILZFAIL, D3DSTENCILOP_KEEP);
Device->SetRenderState(D3DRS_STENCILFAIL, D3DSTENCILOP_KEEP);

// depth/stencil test”} /d &3} stencil 33 #4-S 0x1=2 3t
Device->SetRenderState(D3DRS_STENCILPASS, D3DSTENCILOP_REPLACE);
// depth/back bufferel] 23= 2-< WH4] . _
Device->SetRenderState(D3DRS_ZWRITEENABLE, false);
Device->SetRenderState(D3DRS_ALPHABLENDENABLE, true);

// blending*| back buffer”} v} # %] ¢ Al 5t
Device->SetRenderState(D3DRS_SRCBLEND, D3DBLEND_ZERO);
Device->SetRenderState(D3DRS_DESTBLEND, D3DBLEND_ONE);

Example: StencilMirror

// stencil bufferoll A28 13t}
Device->SetStreamSource(0, VB, 0, sizeof(Vertex));
Device->SetFVF(Vertex::FVF);

Device->SetMaterial (&MirrorMtrl);
Device->SetTexture(0, MirrorTex);

D3DXMATRIX I;

D3DXMatrixIdentity(&I);
Device->SetTransform(D3DTS_WORLD, &I);
Device->DrawPrimitive(D3DPT_TRIANGLELIST, 18, 2);
// re-enable depth write
Device->SetRenderState(D3DRS_ZWRITEENABLE, true);
// 712l BIR SRR -

// stencilgko] 0x1%1 74 9~ ¥} pass &
Device->SetRenderState(D3DRS_STENCILFUNC, D3DCMP_EQUAL);

// stencil test”} pass©] ¥ stencil buffergt= 7 & -4
Device->SetRenderState(D3DRS_STENCILPASS, D3DSTENCILOP_KEEP);

Example: StencilMirror

// position reflection _

D3DXMATRIX W, T, R;

D3DXPLANE plane(0.0f, 0.0f, 1.0f, 0.0f); // xy plane

D3DXMatrixReflect(&R, &plane);

D3DXMatrixTranslation(&T, TeapotPosition.x, TeapotPosition.y,
TeapotPosition.z);

W=T*R;

// clear depth buffer and blend reflected teapot with mirror
ELEERE

Device->Clear(0, 0, DADCLEAR_ZBUFFER, 0, 1.0f, 0);

// Al BiAbE =S A2 & W= (blending) 3l k3t
Device->SetRenderState(D3DRS_SRCBLEND, D3DBLEND_DESTCOLOR);
Device->SetRenderState(D3DRS_DESTBLEND, D3DBLEND_ZERO);




Example: StencilMirror

Shadow

// finally draw the reflected teapot
Device->SetTransform(D3DTS_WORLD, &W);

Device->SetMaterial (&TeapotMtrl);

Device->SetTexture(0, 0);

// WA o A o] AR o] Fuppuy £ 2] oA upr R ok
// 5 F7] 20E WA oF gt
Device->SetRenderState(D3DRS_CULLMODE, D3DCULL_CW);
Teapot->DrawSubset(0);

// restore render states
Device->SetRenderState(D3DRS_ALPHABLENDENABLE, false);
Device->SetRenderState(D3DRS_STENCILENABLE, false);
Device->SetRenderState(D3DRS_CULLMODE, D3DCULL_CCW);

Shadow

Directional Light Shadow
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Point Light Shadow

o 347 el wap 439 (A1)

r(t)=p+t(p-L)
n-p+d=0

s=p+HP-L) 1 (ost(p-L))+d =0

Point Light Shadow
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O DirectX® 28 A FE S 5o Y= &5 A+
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D3DXMATRIX *D3DXMatrixShadow (

D3DXMATRIX *pOut,

CONST D3DXVECTOR4 *pLight, // light

CONST D3DXPLANE *pPlane); // shadow plane

= pLight®] w=04 73-%-, B 3 X (directional light)
%

w=1<

%, 3 4 (point light)

= W5-H 0% planes BF3tek $, light] 2] 2 ™ 7] dot
productE A4 5, 1AL FE S5 AL

P = normalize(Plane)

L = light

D =dot(P, L)

P.a*Lx+D P.a*L.y
P.b *L.x P.b*L.y+D
P.c *L.x P.c*L.y
P.d *L.x P.d*L.y

P.a*L.z
P.b*L.z
P.c*L.z+D
P.d*L.z

P.a*L.w
P.b*L.w
P.c*L.w
P.d*L.w+D




Double Blending 34

o B & £ (Double blending)

Double Blending 324

O Double Blending
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Example: StencilShadow

bool Display(float timeDelta) {

RenderScene();
RenderShadow();

}
void RenderShadow()

{

// stencil bufferi= 0.2 clear U} 7174
Device->SetRenderState(D3DRS_STENCILENABLE, true);

// stencil buffer?] a33ko] 091 7 -$-of ¥k back bufferol] ZH A5 A &
Device->SetRenderState(D3DRS_STENCILFUNC, D3ADCMP_EQUAL);
Device->SetRenderState(D3DRS_STENCILREF, 0x0);
Device->SetRenderState(D3DRS_STENCILMASK, Oxffffffff);
Device->SetRenderState(D3DRS_STENCILWRITEMASK, Oxffffftff);
Device->SetRenderState(D3DRS_STENCILZFAIL, D3ADSTENCILOP_KEEP);
Device->SetRenderState(D3DRS_STENCILFAIL, D3DSTENCILOP_KEEP);
[/ A o] 5 Al 6] flei A 15 7 A
Device->SetRenderState(D3DRS_STENCILPASS, D3DSTENCILOP_INCR);

Example: StencilShadow

[/ TR 2 B4

D3DVECTOR4 lightDirection(0.707f, -0.707f, 0.707f, 0.0f);

D3DPLANE groundPlane(0.0f, -1.0f, 0.0f, 0.0f);

D3DXMATRIX S;

D3DXMatrixShadow (&S, &lightDirection, &groundPlane);

D3DXMATRIX T;

D3DXMatrixTranslation(&T, TeapotPosition.x, TeapotPosition.y,
TeapotPosition.z);

D3DXMATRIXW =T *S;

Device->SetTransform(D3DTS_WORLD, &W);

// alpha blend the shadow
Device->SetRenderState(D3DRS_ALPHABLENDENABLE, true);
Device->SetRenderState(D3DRS_SRCBLEND, D3DBLEND_SRCALPHA);
Device->SetRenderState(D3DRS_DESTBLEN, D3DBLEND_INVSRCALPHA);




Example: StencilShadow

Reference

/] 2BAE50%FEE] AL A= AA

D3DMATERIALY mtrl = d3d::InitMtrl(d3d::BLACK, d3d::BLACK,
d3d::BLACK, d3d::BLACK, 0.0f);

mtrl.Diffuse.a = 0.5f; // 50% transparency

// A8AE A P u) upa 2} z-buffer fightingdl A =% z-bufferE ¥t}

Device->SetRenderState(D3DRS_ZENABLE, false);

Device->SetMaterial (&mtrl);

Device->SetTexture(0, 0);

Teapot->DrawSubset(0);

Device->SetRenderState(D3DRS_ZENABLE, true);
Device->SetRenderState(D3DRS_ALPHABLENDENABLE, false);
Device->SetRenderState(D3DRS_STENCILENABLE, false);

O http://www.opengl.org/resources/features/StencilTal
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