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O Representing Color

O Vertex Colors

O Flat Shading, Gouraud Shading, Phong Shading
0 Colored Triangle <] A

O Lighting

Representing Colors

o Color ¥ - RGB

0 D3DColor: DWORD (32 bits)

471 ] 8bit color= T4

MacroE A& - D3DCOLOR_ARGB, D3DCOLOR_XRGB
D3DCOLOR_ARGSB: alpha, red, green, blue

D3DCOLOR_XRGB: red, green, blue (alpha+= Oxff= A )
#define D3ADCOLOR_XRGB(r, g, b) D3ADCOLOR_ARGB(0xff, 1, g, b)

D3DCOLOR brightRed = D3ADCOLOR_ARGB(255, 255, 0, 0)
D3DCOLOR yellowGreen = D3DCOLOR_ARGB(255,128, 255, 0)

Alpha

32-bits

Representing Colors

o D3DCOLORVALUE: 471 €] float(0 ~ 1)

typedef struct _"D3DCOLORVALUE {
float r; // red, 0~1
floatg;  // green, 0~1
floatb;  // blue, 0~1
floata; // alpha, 0~1
} DSDCOLORVALUE;

0 D3DCOLOR: D3DCOLORVALUE + operators




Representing Colors

typedef struct D3DXCOLOR {
#ifdef _ cplusplus
public:

D3DXCOLOR() {}

D3DXCOLOR(DWORD argb);

D3DXCOLOR(CONST FLOAT *);
D3DXCOLOR(CONST D3DXFLOAT16*);
D3DXCOLOR(CONST D3DXCOLORVALUE&);
D3DXCOLOR(FLOAT r, FLOAT g, FLOAT b, FLOAT a);

operator DWORD() const;

operator FLOAT* ();

operator CONST FLOAT?* () const;

operator DSDCOLORVALUE* ();

operator CONST D3DCOLORVALUE* () const;
operator DSDCOLORVALUE& ();

operator CONST D3DCOLORVALUE () const;

Representing Colors

D3DXCOLOR& operator += (CONST D3DXCOLOR&); / / assignment
D3DXCOLOR& operator -= (CONST D3DXCOLOR&);
D3DXCOLOR& operator *= (FLOAT);
D3DXCOLOR& operator /= (FLOAT);
D3DXCOLOR operator + () const; // unary operator
D3DXCOLOR operator - () const;
D3DXCOLOR operator + (CONST D3DXCOLOR&) const; // binary operator
D3DXCOLOR operator - (CONST D3DXCOLOR&) const;
D3DXCOLOR operator * (FLOAT) const;
D3DXCOLOR operator / (FLOAT) const;
friend D3DXCOLOR operator * (FLOAT, CONST D3DXCOLOR&);
BOOL operator == (CONST D3DXCOLOR&) const;
BOOL operator = (CONST D3DXCOLOR&) const;
#endif // _cplusplus
FLOATT, g b, a;
} D3DXCOLOR, *LPD3DXCOLOR;

Representing Colors

o d3dUtility.hell A< A & F7}F

namespace d3d

{

const D3DXCOLOR WHITE (D3DXCOLOR_XRGB(255, 255, 255));
const D3DXCOLOR BLACK (D3DXCOLOR_XRGB(0, 0, 0));

const D3DXCOLOR RED (D3DXCOLOR_XRGB(255, 0, 0));

const D3DXCOLOR GREEN (D3DXCOLOR_XRGB(0, 255, 0));

const D3DXCOLOR BLUE (D3DXCOLOR_XRGB(0, 0, 255));

const D3DXCOLOR YELLOW (D3DXCOLOR_XRGB(255, 255, 0));
const D3DXCOLOR CYAN (D3DXCOLOR_XRGB(0, 255, 255));
const D3DXCOLOR MAGENTA (D3DXCOLOR_XRGB(255, 0, 255));

Vertex Color

O Vertex Data Structure©l] Colors7}
» Color& DWORDZ A4 (Vertex Shader& AF&-31%] &+ 7% -9)

struct ColorVertex {

float _x, _y, _z; /] XYZ
D3DCOLOR _color; // color
static const DWORD FVF;

I
Const DWORD ColorVertex::FVF = D3DFVF_XYZ | D3DFVF_DFFUSE;




Shading

Gouraud Shading

o #lolgolst ZA2] x| B S YEhll= Ao ® dAH
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O Face W59 7} pixel color#k ] 274 W22
SetRenderState = k!
= Flat shading: 3 ‘?jflﬁ vertex«] color® A faceE A=. 7L 2| 9]
vertex 2] color%k
= Gouraud shading (smooth shading): face®l| 41 ¢] ®.31¥ color#t<

AZkste] A=
ColorVertex t[3];
t[0]._color = D3DCOLOR_XRGB(255, 0, 0);

t[1]._color = D3DCOLOR_XRGB(0, 255, 0);

t[2]._color = D3DCOLOR_XRGB(0, 0, 255);
Device->SetRenderState(D3DRS_SHADEMODE, D3DSHADE_FLAT);
Device->SetRenderState(D3DRS_SHADEMODE, D3DSHADE_GOURAUD);
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Phong Shading

Flat, Gouraud, and Phong Shading
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Example: Colored Triangle

#include “d3dUtility.h”

IDirect3DDevice9* Device = 0;

const int Width = 640; const int Height = 480;
D3DXMATRIX WorldMatrix;
IDirect3DVertexBuffer9* Triangle = 0;

struct ColorVertex {
ColorVertex() {}
ColorVertex(float x, float y, float z, D3DCOLOR c) {
X=X;_y=y;_z=z _color=c¢;}
float _x, _y, _z;
D3DCOLOR _color;
static const DWORD FVF;
I
const DWORD ColorVertex::FVF = D3DFVF_XYZ | D3DFVF_DIFFUSE;

Example: Colored Triangle

bool Setup() {

Device->CreateVertexBuffer(3 * sizeof(ColorVertex), D3DUSAGE_WRITEONLY,
ColorVertex::FVF, D3DPOOL_MANAGED, &Triangle, 0);

ColorVertex* v;

Triangle->Lock(0, 0, (void**)&v, 0);

v[0] = ColorVertex(-1.0f, 0.0f, 2.0f, DSDCOLOR_XRGB(255, 0, 0));
v[1] = ColorVertex( 0.0f, 1.0f, 2.0f, DSDCOLOR_XRGB(0, 255, 0));
v[2] = ColorVertex( 1.0f, 0.0f, 2.0f, DSDCOLOR_XRGB(0, 0, 255));
Triangle->Unlock();

D3DXMATRIX proj;

D3DXMatrixPerspectiveFovLH(&proj, D3DX_PI*0.5f, (float)Width/ (float)Height,
1.0£, 1000.0f);

Device->SetTransform(D3DTS_PROJECTION, &proj);
Device->SetRenderState(D3DRS_LIGHTING, false); // light off
return true;

}
void Cleanup() { d3d::Release<IDirect3DVertexBuffer9*>(Triangle); }

Example: Colored Triangle

bool Display(float timeDelta) {

if (Device) {
Device->Clear(0, 0, DADCLEAR_TARGET | D3DCLEAR_ZBUFFER, Oxffffffff, 1.0f, 0)
Device->BeginScene();
Device->SetFVF(ColorVertex::FVF);
Device->SetStreamSource(0, Triangle, 0, sizeof(ColorVertex));
// draw the triangle to the left with flat shading
D3DXMatrixTranslation(&WorldMatrix, -1.25f, 0.0f, 0.0f);
Device->SetTransform(D3DTS_WORLD, &WorldMatrix);
Device->SetRenderState(D3DRS_SHADEMODE, D3DSHADE_FLAT);
Device->DrawPrimitive(D3DPT_TRIANGLELIST, 0, 1);
// draw the triangle to the right with gouraud shading
D3DXMatrixTranslation(&WorldMatrix, 1.25f, 0.0f, 0.0f);
Device->SetTransform(D3DTS_WORLD, &WorldMatrix);
Device->SetRenderState(D3DRS_SHADEMODE, D3DSHADE_GOURAUD);
Device->DrawPrimitive(D3DPT_TRIANGLELIST, 0, 1);
Device->EndScene();
Device->Present(0, 0, 0, 0);

}

return true;

Lighting

O Light Components
O Materials

O Vertex Normals

O Light Sources

0 Lighting <l A




Lighting

o 3¢ (Lighting source)oll A &1
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Diffuse Reflection
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Light Attenuation

Multiple Light Sources
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Lighting Component

Lighting Component
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Device->SetRenderState(D3DRS_SPECULARENABLE, true);

)
FABA WA, B 2A ] 9ok F 2,

o 9o e vl A8 = %33 D3DXCOLORY
D3DCOLORVALUE %A & vepd 4= 9l th.
D3DXCOLOR red Ambient(1.0f, 0.0f, 0.0f, 1.0f);

D3DXCOLOR blueDiffuse(0.0f, 0.0f, 1.0f, 1.0f);
D3DXCOLOR whiteSpecular(1.0f, 1.0f, 1.0f, 1.0f);

o Light colorE % &3 0] alphagt-> ]85 4] &2




Materials

Materials

0O Materials - D3DMATERIAL9
w 2 A0 Ao wEkA o] vEA H 4.
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typedef struct _D3DMATERIAL9 {
D3DCOLORVALUE Diffuse, Ambient, Specular, Emissive;
float Power;

} D3DMATERIALSY;
» Diffuse/ Ambient/Specular: 30| REAFS}= WRbALY /347 33/
AHLALS

ax

® Emissive: AWt
WS st= A £ 9 e 54 a3 v 01 %1}

= Power: WAL S €] sharpness& A4 31H, =2 ¢
highlight7} 7% 4.

9 el Aol 5 o szl AL BA) A 7t
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D3DMATERIALY red;

|

::2ZeroMemory(&red, sizeof(red));

red.Diffuse = D3DXCOLOR(1.0f, 0.0f, 0.0f, 1.0f);

red.Ambient = D3DXCOLOR(1.0f, 0.0f, 0.0f, 1.0f);

red.Specular = D3DXCOLOR(1.0f, 0.0f, 0.0f, 1.0f);

red.Emissive = D3DXCOLOR(0.0f, 0.0f, 0.0f, 1.0f); // no emission

red.Power = 5.0f;

Materials

Materials

o d3dUtility.holl A9 A& &5 F7}

namespace d3d

{

D3DMATERIALY InitMtr] (D3DXCOLOR a, D3DXCOLOR d, D3DXCOLOR s, D3DXCOLOR

e, float p);

const D3ADMATERIAL WHITE_MTRL = InitMtrl(WHITE, WHITE, WHITE, BLACK, 8.0f);

const DSDMATERIAL RED_MTRL = InitMtrl(RED, RED, RED, BLACK, 8.0f);

const D3ADMATERIAL GREEN_MTRL = InitMtrl(GREEN, GREEN, GREEN, BLACK, 8.0f);

const DSDMATERIAL BLUE_MTRL = InitMtrl(BLUE, BLUE, BLUE, BLACK, 8.0f);

const DSDMATERIAL YELLOW_MTRL = InitMtrl(YELLOW, YELLOW, YELLOW, BLACK,

8.0);

o d3dUtility.cpp®ll InitMtrl 2} & &= F7}

D3DMATERIAL9 d3d:InitMtrl (D3DXCOLOR a, D3DXCOLOR d, D3SDXCOLOR s,

D3DXCOLOR e, float p)
{

D3DMATERIALY mtrl;

mtrl. Ambient = a;
mtrl.Diffuse = d;
mitrl.Specular = s;
mtrl.Emissive = e;
mtrl.Power = p;
return mtrl;




Materials

Vertex Normal

O Material %73 #]4
m Vertex T-ZA| ol A x| A3}A] &1L, SetMaterial £ & A ¢] Material S
2!
IDirect3DDevice9::SetMaterial(CONST D3DMATERIAL9* pMaterial)

w ol BAE A2 OE DL o gote] A

D3DMATERIALSY blueMaterial, redMaterial;
/] AR TEAE T

Device->SetMaterial (&blueMaterial);

drawSphere(); // blue sphere
Device->SetMaterial (&redMaterial);
drawSphere(); // red sphere

O Normal
m 29 A4S 98 A face normal©] o}y vertex normal-S A&

0 Normal ¥ &S 93 vertex structure 7
®m ColorE A A3 21 2] ol normalS- 3713

struct Vertex {

float _x, _y, _z; // XYZ
float _nx, _ny, _nz; // normal
static const DWORD FVEF; Face normal Vertex normal

|7
Const DWORD Vertex::FVF = D3DFVF_XYZ | D3DFVF_NORMAL;

Vertex Normal

Vertex Normal

0 Normal A 4F
m 37119] vertex p0, pl, p2= ©]F°] A = triangle ] normal A4t

void ComputeNormal(D3DXVECTOR3* p0, D3ADXVECTORS3* p1,
D3DXVECTOR3* p2, D3BDXVECTOR* out) {

D3DXVECTOR3 u = *p1 - *p0; pl
D3DXVECTOR3 v = *p2 - *p0; uxv
D3DXVec3Cross(out, &u, &v); u
D3DXVec3Normalize(out, out); A
} pO v
p2

0 Normal A2t

B U FE8E normals €= W vertex vE &5 B E
faces 2] normal® S 1 VerteXA normal = S},
A =§(nO +n,+n,)
= 729 ¥k w4 9] vertex normal €] of =7 @A WA & 98,
W3} ‘%74] O] Zo]| Direct3D7} =5 normalE< thA] A gt s
A3k Aol kst

Device->SetRenderState(D3DRS_NORMALIZENORMALS, true);
n,

ny




Light Source

o0 W4 3¢ (Area Light Source)
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Light Source
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Light Source
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D3D Light Sources

O Direct3Dol| A A] €1 8}+= light source
= Point light
= Directional light
= Spot light
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Light Sources

O Light source 73 A|: D3DLIGHT9

typedef struct _D3DLIGHT9 {
D3DLIGHTTYPE Type; // light source type (point, spot, directional)
D3DLIGHTVALUE Diffuse; // diffuse, specular, ambient
D3DLIGHTVALUE Specular;
D3DLIGHTVALUE Ambient;
D3DVECTOR Position; // light position. directional light?l Z < S Al
D3DVECTOR Direction; // light direction. spot light®l &< R Al
float Range; // L0l 2tM3| 2B MNHK MHE == U= el

= T
float Falloff; // spotlightOll A Ot H =0t B2 X JAE 22| £ 2| MJ| X0,

i

float Attenuation0;// 22| MJIJt Heloll et Ldikl= 3 &.
float Attenuationl;
float Attenuation2;

float Theta;  // spotlightOll A 2t 2 £2| 2= & radiangt 2 2 X &
float Phi; // spotlightOll A HIZE 222 2t £ E radiandt @ 2 X &

} D3DLIGHTY;

Light Sources

0 D3DLIGHT9 34|

= Type: 492 E}9<S A7, D3DLIGHT_POINT, D3DLIGHT_SPOT,
D3DLIGHT_DIRECTIONAL

= Diffuse/Specular/ Ambient: 3¢ 0] W;bal= kAL A kAL 817 33

= Position: & 2] 94 (in world space). Directional light<! 73 -5- 74|

= Direction: 491 2] %38} (in world space). Spot light?] 74 §- F-A].
Direction®] Z ©](length)+= 0°] o}1]ofof gt

= Range: Ho] ¢b 5] 288 wj7h4] 8 5= 9l = =
Directional light1 74 -9~ 4]

= Falloff: spot lightol| A QF%50] 9123} wpgF250] 918 31 Hl o] A 7] Z}o].
Ak o 7 1007 A4,

=

714].

m Attenuation0/1/2: A 2] whe} " o] A|7]7} 2+ %] = 7 =. Directional

lightoll A= A, 09 A co7}2] &] Zk. Directional lighto] o} 7 -9~ Al
S 022 31 oM. Attenuation = 1/ (ay*+a,*D+a,*D?)
= Theta/Phi: spot lightol| 4] QF&:/uH2%: 1 2 9] radian @9 0 <9 <¢<7

Light Sources

o d3dUtility.holl 7+e-gk F 9] 27315 9]
namespace d3d

{

rol
i)

5 F71

D3DLIGHT?Y InitDirectionalLight(D3DXVECTOR3* direction,
D3DXCOLOR* color);

D3DLIGHT? InitPointLight(D3DXVECTORS3* position,
D3DXCOLOR* color);

D3DLIGHT? InitSpotLight(D3DXVECTOR3* position,
D3DXVECTR3* direction,
D3DXCOLOR* color);

Light Sources

o d3dUtility.cppell &9 x713} g4 7}
D3DLIGHT9 d3d::InitDirectionalLight(D3DXVECTOR3* direction,
D3DXCOLOR* color)

{
D3DLIGHTO light;
::ZeroMemory(&light, sizeof(light));
light Type = D3DLIGHT_DIRECTIONAL;
light. Ambient = *color * 0.6f;
light.Diffuse = *color;
light.Specular = *color * 0.6f;
light.Direction = *direction;
return light;




Light Sources

o d3dUtility.cppell &€ %713} 4= 71

D3DLIGHT?Y d3d::InitPointLight(D3DXVECTOR3* position, DSDXCOLOR*
color)

{
D3DLIGHTO light;
::ZeroMemory (&light, sizeof(light));
light. Type = D3DLIGHT_POINT;
light. Ambient = *color * 0.6f;
light.Diffuse = *color;
light.Specular = *color * 0.6f;
light.Position = *position;
light.Range = 1000.0f;
light.Falloff = 1.0f;
light. Attenuation0 = 1.0f;
light. Attenuationl = light. Attenuation2 = 0.0f;
return light;

Light Sources

o d3dUtility.cppell 3 %713} g4 571
D3DLIGHTY d3d::InitSpotLight(D3DXVECTORS3* position, DADXVECTOR3*
direction, DSDXCOLOR* color) {

D3DLIGHTO light;
::ZeroMemory(&light, sizeof(light));
light.Type = D3DLIGHT_SPOT;
light. Ambient = *color * 0.0f;
light.Diffuse = *color;

light.Specular = *color * 0.6f;
light.Position = *position;
light.Direction = *direction;
light.Range = 1000.0f;

light.Falloff = 1.0f;

light. Attenuation0 = 1.0f;

light. Attenuationl = light. Attenuation2 = 0.0f;
light.Theta = 0.4f; light.Phi = 0.9f;
return light;

Light Sources

o o +x 3o ® H P skl 24 <l directional light source s
A

D3DXVECTORS3 dir(1.0f, 0.0f, 0.0f);

D3DXCOLOR ¢ = d3d::WHITE;

D3DLIGHTY dirLight = d3d::InitDirectionalLight(&dir, &c);

o D3DLIGHTO instance % 7] 3} ¥, Direct3Del| 5= 3l oF &t
Device->SetLight(0, // AT FY HJ=E 9] 84, 0~3 EH gt
&light); // 274 3}# = D3DLIGHTY %Zzﬂ o]

O 55 %, lightS on/offsl LA} & uj
Device->LightEnable(0, true); // light on
Device->LightEnable(0, false); // light off

Example: Lit Pyramid

o] o 4| := vertex normal, material, directional light & RFH= 1L
G slel= W & HojErh

. 2we 343 a0
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Example: Lit Pyramid

#include “d3dUtility.h”

IDirect3DDevice9* Device = 0;

const int Width = 640;

const int Height = 480;
IDirect3DVertexBuffer9* Pyramid = 0;

struct Vertex {
Vertex() {}
Vertex(float x, float y, float z, float nx, float ny, float nz) {
X=X_y=y,_2=7
_NX = NX; _Ny =ny; _Nz =nz;
}
float _x, _y, _z;
float _nx, _ny, _nz;
static const DWORD FVF;
|7
const DWORD Vertex::FVF = D3DFVF_XYZ | D3SDFVF_NORMAL;

Example: Lit Pyramid

bool Setup() {
Device->SetRenderState(D3DRS_LIGHTING, true);
Device->CreateVertexBuffer(12*sizeof(Vertex), DSDUSAGE_WRITEONLY,
Vertex::FVF, D3ADPOOL_MANAGED, &Pyramid, 0);

Vertex* v;

Pyramid->Lock(0, 0, (void**) &v, 0);
v[0] = Vertex(-1.0f, 0.0f, -1.0f, 0.0f, 0.707f, -0.707f); /] &8
v[1] = Vertex( 0.0f, 1.0f, 0.0f, 0.0f, 0.707f, -0.707f);
v[2] = Vertex( 1.0f, 0.0f, -1.0f, 0.0f, 0.707f, -0.707f);
v[3] = Vertex(-1.0f, 0.0f, 1.0f, -0.707f, 0.707f, 0.0f); /) AEBEEH
v[4] = Vertex( 0.0f, 1.0f, 0.0f, -0.707f, 0.707f , 0.0f);
v[5] = Vertex( 1.0f, 0.0f, -1.0f, -0.707f, 0.707f , 0.0f);
v[6] = Vertex( 1.0f, 0.0f, -1.0f, 0.707f, 0.707f, 0.0f); /] LEBREY
v[7] = Vertex( 0.0f, 1.0f, 0.0f, 0.707f, 0.707f, 0.0f);
1

v[9] = Vertex( 1.0f, 0.0f, 1.0f, 0.0f, 0.707f, 0.707f); //
v[10] = Vertex( 0.0f, 1.0f, 0.0f, 0.0f, 0.707f, 0.707f);

v[11] = Vertex(-1.0£, 0.0f, 1.0f, 0.0f, 0.707f, 0.707f);
Pyramid->Unlock();

e

Hon

Example: Lit Pyramid

D3DMATERIALY mtrl; // create and set the material
mtrl. Ambient = d3d::WHITE;

mtrl.Diffuse = d3d::WHITE;

mtrl.Specular = d3d::WHITE;

mtrl. Emissive = d3d::BLACK;

mtrl.Power = 5.0f;

Device->SetMaterial(&mtrl);

D3DLIGHTO dir; // setup a directional light
::ZeroMemory (&dir, sizeof(dir));

dir.Type = D3DLIGHT_DIRECTIONAL;

dir.Diffuse = d3d::WHITE;

dir.Specular = d3d::WHITE * 0.3f;

dir.Ambient = d3d::WHITE * 0.6f;

dir.Direction = D3DXVECTOR3(1.0f, 0.0f, 0.0f); // +x& &2 2 LS LAt

Device->SetLight(0, &dir); // setlight
Device->LightEnable(0, true); // light enable
Device->SetRenderState(D3DRS_NORMALIZENORMALS, true);
Device->SetRenderState(D3DRS_SPECULARENABLE, true);

Example: Lit Pyramid

D3DXVECTORS3 pos(0.0f, 1.0f, -3.0f); // viewing transformation
D3DXVECTORS target(0.0f, 0.0f, 0.0f);

D3DXVECTORS3 up(0.0f, 1.0f, 0.0f);

D3DXMATROX V;

D3DXMatrixLookAtLH(&V, &pos, &targetm &up);
Device->SetTransform(D3DTS_VIEW, &V);

D3DXMATRIX proj; // projection

D3DXMatrixPerspectiveFovLH (&proj, D3DX_PI *0.5f, (float)Width/ (floatHeight, 1.0f,
1000.0f);

Device->SetTransform(D3DTS_PROJECTION, &proj);
return true;

void Cleanup() {
d3d::Release<IDirect3DVertexBuffer9*>(Pyramid);




Example: Lit Pyramid

F7H4 91 dAE

void Display(float timeDelta) {

if (Device) {
D3DMATRIX yRot;
static float y = 0.0f;
D3DXMatrixRotationY (&yRot, y);
r += timeDelta;
if (y>=6.28f) y = 0.0f;
Device->SetTransform(D3DTS_WORLD, &yRot);
Device->Clear(0, 0, D3ADCLEAR_TARGET | DSDCLEAR_ZBUFFER, 0x00000000, 1.0f, 0);
Device->BeginScene();
Device->SetStreamSource(0, Pyramid, 0, sizeof(Vertex));
Device->SetFVF(Vertex::FVF);
Device->DrawPrimitive(D3DPT_TRIANGLELIST, 0, 4);
Device->EndScene();
Device->Present(0, 0, 0, 0);

}

return true;

O Directional Light

= D3DX objects & directional light H %
O Point Light

= D3DX objects & point light U =
O Spot Light

= D3DX objects & spot light H &




