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Particles and Point Sprites
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struct Particle {
D3DXVECTORS3 _position;
D3DCOLOR _color;
static const DWORD FVF;
I
const DWORD Particle:FVF = D3DFVF_XYZ | D3DFVF_DIFFUSE;
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struct Particle {
D3DXVECTORS3 _position;
D3DCOLOR _color;
float _size;
static const DWORD FVF;
b
const DWORD Particle:FVF = D3DFVF_XYZ | D3DFVF_DIFFUSE |
D3DFVF_PSIZE;

Point Sprite Render State
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_device->SetRenderState(D3DRS_POINTSPRITEENABLE, true);
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_device->SetRenderState(D3DRS_POINTSIZE, d3d::FtoDw(2.5f));
DWORD d3d::FtoDw(float f) { return * (DWORD *) &f); }
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_device->SetRenderState(D3DRS_POINTSCALEENABLE, true);
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_device->SetRenderState(D3DRS_POINTSIZE_MIN, d3d::FtoDw/(0.2f));
_device-> SetRenderState(D3DRS_POINTSIZE_MAX, d3d::FtoDw(5.0f));
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_device->SetRenderState(D3DRS_POINTSCALE_A, d3d::FtoDw(0.0f));
_device->SetRenderState(D3DRS_POINTSCALE_B, d3d::FtoDw/(0.0f));
_device->SetRenderState(D3DRS_POINTSCALE_C, d3d::FtoDw(1.0f));
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struct Attribute {

Attribute() {

_lifeTime = 0.0f;

_age = 0.0f;

_isAlive = true;
}
D3DXVECTOR3 _position; // world space®l| 4] 9] particle $] %]
D3DXVECTOR3 _velocity; /] &% ols &4
D3DXVECTOR3 _acceleration; // 29 &%= w9

float _lifeTime; // particleo] 2 A1 744 9] 8 AJZF
float _age; // particle®] @A o]

D3DXCOLOR _color; // particle®] @A A

D3DXCOLOR _colorFade; // particle A} o] A ztol| w}e} fade™] &= HH

bool _isAlive; /] @A AFE
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PSystem

#include “d3dUt111ty h”
#include “camera.h’
#include <list>

namespace psys { o
class PSystem{ // %13 4 <l particle system< 4 WF5}3F base class
protected:
IDirect3DDevice9* dev1ce,
D3DXVECTOR3 _origin; // particle®] A] &} &= 3
d3d::BoundingBox _boundingBox; / partlcleol o<k = 3= Hu] Al stz AHg
/] °l @E Aytd v
float _emitRate; // A art1c1e°] F71E 1
float _size; // B particles 9] size

IDirect3DTexture9* _tex;
IDirect3DVertexBuffer9* _vb;

std:list<Attribute> parhcles, /] @A BE }\Jarticle%-‘l] attribute list
int _maxParticles; // & =3kl A 2] max allowed particles
// et 9] 371:= particle system= E&% O = rendering 0} Eﬂ AFE
DWORD _vbSize; // vertex buffer’} . ¥kek 4= 9l = partlcle T
// vertex bufferol 4] €] particle5= 2} system®l 4] 9] particle7} TF& 4= L&
DWORD _vbOffset; // offset in vertex buffer to lock
DWORD VbBatchSlze, // number of vertices to lock starting at _vbOffset
// attribute list= §-E| dead particleE < 557 A A

virtual void removeDeadParticles();

public:
PSystem();
virtual ~PSystem();
// vertex buffer & texture A4
V1rtual ‘bool 1n1t(ID1rect3DDeV1ce9* device, char* texFllename)
// % particle d & reset; dead particle®] memoryE freedst#| 23l A & spawn¥t
virtual void reset(g
// @ particle %7d < reset
virtual void resetParticle(Attribute* attribute) = 0;
// 3 particle 57}
virtual void addPartlcle();
// 5E particleS 7841
virtual void u}{date(float timeDelta) = 0;
// APl kAl XA 3 oF 3F 7] render stateS A A
virtual V01d preRender()
virtual void render();
// 578 particle system®ll A -5 * A<= render state S 7
V1rtual void postRender();
bool isEmpty(); // & Al particle system°ﬂ partlcleol NOH true
bool isDead(); // @Al particle system®l] .= particle©] 51 2 true

PSystem

PSystem

#include <cstdlib>
#include “pSystem.h”
using namespace psys;
PSystem::PSystem() {
_device = 0; _vb=0; _tex=0;

}

PSystem::~PSystem() {
d3d::Release<IDirect3DVertexBuffer9*) (_vb);
d3d::Release<IDirect3DVertexBuffer9*) (_tex);

bool PSystem::init(IDirect3Device9* device, char* texFilename) {
_device = device; // device pointer
HRESULT hr = 0;
// dynamic©. & &} 4 1) framev}t} vbE 7341 18] e &2 2k 7} H e =
// D3DUSAGE_POINTS &4 point sprlte AR L} AAE A4
hr = device- >CreateVertexBuffergvb&ze 51zeof(l
D3DUSAGE_DYNAMIC | D3DUSAGE_POINT! S D3DUSAGE_WRITEONLY,
Particle:FVF, D3DPOOL_DEFAULT, &vb, 0);
if (FAILED(h)) {
MessafgeBox(O “CreateVertexBuffer() - FAILED”, “Psystem”, 0);
return false;

]

hr = D3DXCreateTextureFromFile(device, texFilename, &_tex);

if (FAILED(hr)) {
::MessageBox(0, “D3DXCreateTextureFromFile() - FAILED”, “Psystem”, 0);
return false;

return true;

void PSystem::reset() {
std::list<Attribute>:iterator i;
for(i = _particles.begin(); i != _particles.end(); i++) {
reset artlcle(&(*%)

void PSystem::addParticle() {
Attribute attribute;
resetParticle(&attribute);
_particles.push_back(attribute);

void PSystem:isEmpty() { return _particles.empty/(); }
void Psgstem 1sDea%t6({ P Py
?td list<Attribute>::iterator i;
or(i = _particles.begin(); i = _particles.end(); i++) {
if (i- >E1)sAhve) ret%rn false; P

return true;

void PSystem::removeDeadParticles() {
std::list<Attribute>::iterator i;
i= artlcles begin();
while (i 1= artlcles end()) {
if (i- >15AF ve == false) 1 = _particles.erase(i);
else i++;

return true;




PSystem

void PSystem:: preRender

device->SetRenderState(D3DRS_LIGHTING, false);
device->SetRenderState(D3DRS_POINTSPRITEENABLE, true);
device->SetRenderState(D3DRS_POINTSCALEENABLE, true);
device->SetRenderState(D3DRS_POINTSIZE, d3d::FtoDw(_size));
device->SetRenderState(D3DRS_POINTSIZE_MIN, d3d::FtoDw(0.0f));

/ control the size of the particle relative to distance
device->SetRenderState(D3DRS_POINTSCALE_A, d3d::FtoDw (0. Of))
device->SetRenderState(D3DRS_POINTSCALE_B, d3d::FtoDw (0. Oft)
device->SetRenderState(D3DRS_POINTSCALE_C, d3d: :FtoDw (1.0f));

/ use alpha from texture

device->SetTextureStageState(0, D3DTSS_ALPHAARGI, D3DTA_TEXTURE),
device->SetTextureStageState(0, D3DTSS_ALPHAOP, D3DTOP _SELECTARGI);
device->SetRenderState(D3DRS_ALPHABLENDENABLE, true);
device->SetRenderState(D3DRS_SRCBLEND, D3DBLEND SR ALPHA)

/
/
~device->SetRenderState(D3DRS_ DESTBLEND D3DBLEND_INVSRCALPHA);

void PSystem:: postRender() {
_device->SetRenderState(D3DRS_LIGHTING, true);
_device->SetRenderState(D3DRS_POINTSPRITEENABLE, false);
_device->SetRenderState(D3DRS_POINTSCALEENABLE, false);
_device->SetRenderState(D3DRS_ALPHABLENDENABLE, false);

PSystem
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PSystem

void render( { _ .
// GPUSRI CPUS| S R0l 2Z = ?{alf, 01 section%‘i L1,
// 2 sectionOll CHoll A, data filling
if (!_particles.empty()) {
preRender();
_device->SetTexture(0, tex{]
_device- >SetFVF(Par’ncle FVF);
_device->SetStreamSource(0, vb 0, 51ze0f(Part1cle))
if (vbOffset >= vbSize) _vbOffset = 0;
Particle* v =0;
Vb->LOCk( vbOffset * sizeof(Particle), _vbBathSize*sizeof(Particle),
(void**) &v, _vbOffset ? D3ADLOCK_NOOVERWRITE: D3ADLOCK_DISCARD);
DWORD numParticlesInBatch = 0;
std:list<Attribute>:iterator i;
for &1 = _particles.begin(); i I= _particles.end(); i++) {
(i->_isAlive) {
v->_position = i-> % osition;
v->_color = (D3DCOLOR) i->_color;
v++; // next element
numPartlclesInBatch++ // increase batch counter
if (numParnclesInBatch == _vbBatchSize) {
_vb->Unlock();
_device->DrawPrimitive(D3DPT_POINTLIST, _vbOffset, _vbBatchSize);
“vbOffset += _vbBatchSize;
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PSystem

if (_vbOffset >= _vbSize) _vbOffset = 0;
_vb->Lock(_vbOffset *sizeof§Partic1e),
_vbBatchSize*sizeof(Particle), (void**) &v,
_vbOffset ? DSDLOCK_NOOVERWRITE : D3SDLOCK_DISCARD);
numParticlesInBatch =0;

/ // if full

if alive

vb >Unlockg)
if (numParticlesInBatch) {
_device->DrawPrimitive(D3DPT_POINTLIST, _vbOffset, numParticlesInBatch);

_vbOffset += _vbBatchSize; // next block

}
}




d3dUtility.h/cpp

Psystem Extended Classes

// return random float in [lowBound, highBound] interval
float d3d::GetRandomFloat(float lowBound, float highBound) {
if (lowBound >= hi§hBound) // bad input
return lowBound;
get random float in [0, 1] interval
float f = (rand() % 10000)*0.0001f;
// return float in [lowBound, highBound] interval
return (f*(highBound - lowBound)) + lowBound;

// return a random vector in the bounds specified by min and max
float d3d::GetRandomVector(D3DXVECTOR3* out, D3DXVECTOR3* min, D3DXVECTOR3*
max) {
out->x = GetRandomFloat(min->x, max->x);
out->y = GetRandomFloat(min->y, max->y);
out->z = GetRandomFloat(min->z, max->z);

}

//rand()S AFEE Z2, T2 8 =I5 0IlM srand()S S &5E 2
// seed random number generator
srand((unsigned int)time(%));

#include “ d3dUtiIity.h"
#include “camera.h”
#include <list>
namespace psys {
class Snow : public Psystem {
public:
Snow (d3d::BoundingBox* boundingBox, int numParticles);
void resetParticle(Attribute* attribute);
void update(float timeDelta);

class Firework : public Psystem {
public:
Firework (D3DXVECTOR3* origin, int numParticles);
void resetParticle(Attribute* attribute);
void update(float timeDelta);
void preRender();
void postRender();

class ParticleGun : public Psystem {
public:
ParticleGun (Camera* camera);
void resetParticle(Attribute* attribute);
void update(float timeDelta);
private:
Camera* _camera;
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Example: Snow System

Snow

Snow::Snow(d3d::BoundingBox* boundingBox, int numParticles) {
_boundingBox = *boundingBox;
_size = 0.25f;
_vbSize = 2048;
_vbOffset = 0;
_vbBatchSize = 512;
for (int i=0; i<numParticles; i++)

addParticle();

}

void Snow::resetParticle(Attribute *attribute) {
attribute->_isAlive = true;
d3d::GetRandomVector(&attribute->_position, &_boundingBox._min,
&_boundingBox._max.y;
attribute->_position.y = _boundingBox._max.y;
// snow flakes fall downwards and slightly to the left
attribute->_velocity.x = d3d::GetRandomFloat(0.0f, 1.0f) * -3.0f;
attribute->_velocity.y = d3d::GetRandomFloat(0.0f, 1.0f) * -10.0f;
attribute->_velocity.z = 0.0f;
// white snow flake
attribute->_color = d3d::WHITE;




Snow

Snow System Driver

void Snow::update(float timeDelta) {
std::list<Attribute>::iterator i;
for (int i=_particles.begin(); i!=_particles.end(); i++) {
i->_position +=i->_velocity * timeDelta;
if (_boundingBox.isPointInside(i->_position) == false)
resetParticle(&(*1)); // respawn instead of kill it

psys::PSystem* TheSnow = 0;

Camera TheCamera(Camera::AITCRAFT);

bool Setup() {
// seed random number generator
srand((unsigned int)time(0));
// Create Snow System.
d3d::BoundingBox boundingBox;
boundingBox._min = D3DXVECTOR3(-10.0f, -10.0f, -10.0f);
boundingBox._max = D3DXVECTOR3( 10.0f, 10.0f, 10.0f);
TheSnow = new psys::Snow(&boundingBox, 5000);
TheSnow->init(Device, "snowflake.dds");
// Create basic scene.
d3d::DrawBasicScene(Device, 1.0f);
// Set projection matrix.
D3DXMATRIX proj;
D3DXMatrixPerspectiveFovLH(&proj, D3DX_PI / 4.0f,

(float)Width / (float)Height, 1.0f, 5000.0f);

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

Snow System Driver

Snow System Driver

void Cleanup() {
d3d::Delete<psys::PSystem*>( TheSnow );
d3d::DrawBasicScene(0, 1.0f);
}
bool Display(float timeDelta) {
if( Device ) {
if( ::GetAsyncKeyState(VK_UP) & 0x8000f )
TheCamera.walk(4.0f * timeDelta);
if( :GetAsyncKeyState(VK_DOWN) & 0x8000f )
TheCamera.walk(-4.0f * timeDelta);

/1

D3DXMATRIX V;
TheCamera.getViewMatrix(&V);
Device->SetTransform(D3DTS_VIEW, &V);

TheSnow->update(timeDelta);

// Draw the scene:

Device->Clear(0, 0, DADCLEAR_TARGET | D3DCLEAR_ZBUFFER, 0x00000000, 1.0f, 0);
Device->BeginScene();

D3DXMATRIX I;

D3DXMatrixIdentity (&I);

Device->SetTransform(D3DTS_WORLD, &I);

d3d::DrawBasicScene(Device, 1.0f);

// order important, render snow last.
Device->SetTransform(D3DTS_WORLD, &I);
TheSnow->render();

Device->EndScene();
Device->Present(0, 0, 0, 0);
}

return true;




Example: Firework System

Firework

Direct3DSApp

Firework::Firework(D3DXVECTORB3* origin, int numParticles) {
_origin = *origin;
_size = 0.91;
_vbSize = 2048;
_vbOffset = 0;
_vbBatchSize = 512;
for (int i=0; i<numParticles; i++)
addParticle();
}
void Firework::resetParticle(Attribute *attribute) {
attribute->_isAlive = true;
attribute->_position = _origin;
D3DXVECTOR3 min = D3DXVECTOR3(-1.0f, -1.0f, -1.0f);
D3DXVECTOR3 max = D3DXVECTOR3( 1.0f, 1.0f, 1.0f);
d3d::GetRandomVector(&attribute->_velocity, &min, &max);
attribute->_velocity *=100.0f;
attribute->_color = D3DXCOLOR(d3d::GetRandomFloat(0.0f, 1.0f),
d3d::GetRandomFloat(0.0f, 1.0f), d3d::GetRandomFloat(0.0f, 1.0f), 1.0f);
attribute->_age = 0.0f;
attribute->_lifeTime = 2.0f; // lives for 2 seconds

Firework

Firework System Driver

void Firework::update(float timeDelta) {
std::list<Attribute>::iterator i;
for (int i=_particles.begin(); i!=_particles.end(); i++) {
i->_position +=i->_velocity * timeDelta;
i->_age += timeDelta;
if (i->_age > i->_lifeTime)
i->_isAlive = false; // kill
}
}

void Firework::preRender() {
PSystem::preRender();
_device->SetRenderState(D3DRS_SRCBLEND, D3DBLEND_ONE);
_device->SetRenderState(D3DRS_DESTBLEND, D3DBLEND_ONE);
// read but don’t write particles to z-buffer
_device->SetRenderState(D3DRS_ZWRITEENABLE, false);

}

void Firewori::postRender() {
PSystem::postRender();
_device->SetRenderState(D3DRS_ZWRITEENABLE, true);

psys::PSystem* TheFirework = 0;
bool Setup() {
// seed random number generator
srand((unsigned int)time(0));
// Create the Firework system.
D3DXVECTORS3 origin(0.0f, 10.0f, 50.0f);
TheFirework = new psys::Firework(&origin, 6000);
TheFirework->init(Device, "flare.bmp");
// Setup a basic scene.
d3d::DrawBasicScene(Device, 1.0f);
// Set projection matrix.
D3DXMATRIX proj;
D3DXMatrixPerspectiveFovLH(&proj, DSDX_PI / 4.0f, // 45 - degree
(float)Width / (float)Height, 1.0f, 5000.0f);
Device->SetTransform(D3DTS_PROJECTION, &proj);

return true;




Firework System Driver

void Cleanup() {
d3d::Delete<psys::PSystem*>( TheFirework );
d3d::DrawBasicScene(0, 1.0f);
}
bool Display(float timeDelta) {
if( Device ) {
if( :GetAsyncKeyState(VK_UP) & 0x8000f )
TheCamera.walk(4.0f * timeDelta);
if( ::GetAsyncKeyState(VK_DOWN) & 0x8000f )
TheCamera.walk(-4.0f * timeDelta);

// ...

D3DXMATRIX V;
TheCamera.getViewMatrix(&V);
Device->SetTransform(D3DTS_VIEW, &V);

TheFirework->update(timeDelta);
if (TheFirework->isDead())
TheFirework->reset();

Firework System Driver

// Draw the scene:

Device->Clear(0, 0, D3ADCLEAR_TARGET | D3DCLEAR_ZBUFFER, 0x00000000, 1.0f, 0);
Device->BeginScene();

D3DXMATRIX I;

D3DXMatrixIdentity (&I);

Device->SetTransform(D3DTS_WORLD, &I);

d3d::DrawBasicScene(Device, 1.0f);

// order important, render snow last.
Device->SetTransform(D3DTS_WORLD, &I);
TheFirework->render();

Device->EndScene();
Device->Present(0, 0, 0, 0);
}

return true;

Example: Particle Gun System

Direct3DApp

Particle Gun

ParticleGun::ParticleGun(Camera* camera) {
_camera = *camera;
_size = 0.8f;
_vbSize = 2048;
_vbOffset = 0;
_vbBatchSize = 512;

}

void ParticleGun::resetParticle(Attribute *attribute) {
attribute->_isAlive = true;
D3DXVECTOR3 cameraPos;
_camera->GetPosition(&cameralos);
D3DXVECTOR3 cameraDir;
attribute->_position = cameraPos;
attribute->_position.y -= 1.0f; // slightly below camera
attribute->_velocity = cameraDir * 100.0f;
attribute->_color = D3DXCOLOR(0.0f, 1.0f, 0.0f, 1.0f);
attribute->_age = 0.0f;
attribute->_lifeTime = 1.0f; // lives for 1 seconds




Particle Gun

Particle Gun System Driver

void ParticleGun::update(float timeDelta) {
std::list<Attribute>::iterator i;
for (int i=_particles.begin(); i!=_particles.end(); i++) {
i->_position +=i->_velocity * timeDelta;
i->_age += timeDelta;
if (i->_age > i->_lifeTime)
i->_isAlive = false; // kill
}

removeDeadParticles();

psys::PSystem* TheGun = 0;
bool Setup() {
// seed random number generator
srand((unsigned int)time(0));
// Create the Firework system.
D3DXVECTORS3 origin(0.0f, 10.0f, 50.0f);
TheGun = new psys::ParticleGun(&TheCamera);
TheGun->init(Device, "flare_alpha.dds");
// Setup a basic scene.
d3d::DrawBasicScene(Device, 1.0f);
// Set projection matrix.
D3DXMATRIX proj;
D3DXMatrixPerspectiveFovLH(&proj, D3DX_PI / 4.0f, // 45 - degree
(float)Width / (float)Height, 1.0f, 5000.0f);
Device->SetTransform(D3DTS_PROJECTION, &proj);

return true;

Particle Gun System Driver

Particle Gun System Driver

void Cleanup() {
d3d::Delete<psys::PSystem*>( TheGun );
d3d::DrawBasicScene(0, 1.0f);
}
bool Display(float timeDelta) {
if( Device ) {
if( ::GetAsyncKeyState(VK_UP) & 0x8000f )
TheCamera.walk(4.0f * timeDelta);
if( :GetAsyncKeyState(VK_DOWN) & 0x8000f )
TheCamera.walk(-4.0f * timeDelta);

/1

D3DXMATRIX V;
TheCamera.getViewMatrix(&V);
Device->SetTransform(D3DTS_VIEW, &V);

TheGun->update(timeDelta);

// Draw the scene:

Device->Clear(0, 0, DADCLEAR_TARGET | D3DCLEAR_ZBUFFER, 0x00000000, 1.0f, 0);
Device->BeginScene();

D3DXMATRIX I;

D3DXMatrixIdentity (&I);

Device->SetTransform(D3DTS_WORLD, &I);

d3d::DrawBasicScene(Device, 1.0f);

// order important, render snow last.
Device->SetTransform(D3DTS_WORLD, &I);
TheGun->render();

Device->EndScene();
Device->Present(0, 0, 0, 0);
}

return true;




