Monte Carlo szimulacio




Szorodas szimulacio

Feny fotonok szimulacioja
Nem valtoztatja meg a frekvenciat Utkozeskor
Homogen és inhomogen kdzegben




Szorodas szimulacio

A megoldando problema

Szorodasi pont meghatarozasa
Szabad Uthossz

Energia valtozas
Uj irany szamitasa

Monte Carlo modszerek
Véletlen mintak
Dontes lokalis tulajdonsagok alapjan



Szorodas szimulacio

Radiative transport egyenlet
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Szorodas szimulacio

A szorodas valoszinUsege
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Szorodas szimulacio

A visszaverodes iranya
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Szorodas szimulacio

Egyszeres szorodas kozelites
Radiancia L(X,0)=L,(X,0)+L_(X,®)
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Szorodas szimulacio

Sztochasztikus megoldas

Egy pont radianciajahoz hozzajarul
Direkt foton kibocsatas
Egyszeresen szorodott fotonok
Ketszeresen szorodott fotonok

N-szeresen szorodott fotonok



Szorodas szimulacio

Monte Carlo szimulacio

Veletlen fenyutak generalasa
Egy ut sok fotont tartalmaz
A szorodasi pontok es energiajuk gyUjtese

Szabad Uthossz
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Szorodas szimulacio

Monte Carlo szimulacio
ValoszinUsegi sulyozas
A szorodasi esemenyek konverzioja térfogati radianciava
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Nezopont figgo 0sszegzes
Indirekt es direkt vizualizacios modszerek



Szorodas szimulacio

Implementacio
Foton struktura
Kezdopont, irany, energia
Radiancia buffer
3D tomb
Veletlen szam generator

Kezdo allapotleiras



Szorodas szimulacio

__kernel
void simulation(const int iteration, _ global uint4* seed,
__global struct photon* photons,
const int resolution, _ global float* simulationBuffer,
const float4 lightSourcePosition){
int id = get global id(®@);

// random generator setup

uint rngl = seed[id].s0;
uint rng2 = seed[id].s1;
uint rng3 = seed[id].s2;
uint rng4 = seed[id].s3;

// scatter simulation
if(@ == iteration || photons[id].energy < 0.2f){
photons[id].origin = lightSourcePosition;
photons[id].direction = getRandomDirection(&rngl, &rng2, &rng3, &rngd);
photons[id].energy = 1.0f;
} else {
photons[id].direction = getRandomDirection(&rngl, &rng2, &rng3, &rngd);

tracePhotonRM(&photons[id], getRandom(&rngl, &rng2, &rng3, &rngd));
storePhoton(&photons[id], resolution, simulationBuffer);

// random state store

seed[id].s@ = rngl;
seed[id].s1l = rng2;
seed[id].s2 = rng3;
seed[id].s3 = rng4;




Szorodas szimulacio

float4 getRandomDirection(uint* rngl, uint* rng2, uint* rng3, uint* rng4){
float x, vy, z;
bool inside = false;
while(!inside){

x = getRandom(rngl, rng2, rng3, rngd4) * 2.0f - 1.0f;
y = getRandom(rngl, rng2, rng3, rngd4) * 2.0f - 1.0f;
z = getRandom(rngl, rng2, rng3, rngd) * 2.0f - 1.0f;

if( (x*x + y*y + z*z) <= 1.0F){
inside = true;

}
}
if( x*x + y*y + z*¥z == 0.0){
X = 0.0f;
y = 1.0f;
Z = 0.0f;
}

float vlen = sqrt(x*x + y*y + z*z);
return (float4)(x/vlen, y/vlen, z/vlen, 0);




Szorodas szimulacio

void tracePhotonRM(__global struct photon* p, float rnd){
// simple linear
//p->origin = p->origin + p->direction * 0.1f;

float s = -log(rnd) / densityScale;

float t = 0.0f;

float dt = 1.0f / 256.0°F;
float sum = 0.0f;

float sigmat = 0.0f;

while(sum < s){
float4 samplePos = p->origin + t * p->direction;
if(samplePos.x < 0.0f samplePos.x > 1.0f
samplePos.y < 0.0f samplePos.y > 1.0f
samplePos.z < 0.0f samplePos.z > 1.0f){
p->energy = 0.0f;
break;
} else {
sigmat = getDensity(samplePos);
sum += sigmat * dt;
t += dt;
}
}

p->origin = p->origin + p->direction * t;
p->direction = p->direction;
p->energy = p->energy * albedo;




Szorodas szimulacio

float getDensity(float4d p){
// teto
if(p.y > 0.78f && p.y < 0.83f &&
( (p X - 0.5f) * (p.x - 0.5f) +
(p.z - 0.5f) * (p.z - 0.5f) ) > 0.001f)
return 100.07T;

// falak

if(p.x < 0.02f) return 100.0f;
if(p.y < 0.02f) return 100.0f;
if(p.z > 0.98f) return 100.0f;

‘<

// alul besurusodik
if(p.y < 0.2f) return (1.0f - p.y) * 5.0f;

return 0.5f * densityScale;




Szorodas szimulacio

void storePhoton(_global struct photon* p,
const int resolution,
__global float* simulationBuffer){

if(p->energy < 0.1f) return;

int x = p->origin.x * resolution;
int y = p->origin.y * resolution;
int z = p->origin.z * resolution;

if(x > resolution -1
if(y > resolution -1
if(z > resolution -1

X < @) return;
y < @) return;
z < @) return;

simulationBuffer[x+y*resolution+z*resolution*resolution]
+= p->energy;




Szorodas szimulacio




Terfogat vizualizacio

Adott terfogati reprezentacio megjelenitese
homerseklet, legnyomas, siriseg, stb
v(X,Y,2)

v(X,Y,2)

—)

tarolas: 3D tomb




Terfogat vizualizacio

SzintfelUletek megjelenitese

Indirekt modszer
Marching cubes




Terfogat vizualizacio

SzintfelUletek megjelenitese

Direkt modszer Raycasting
ORI

Isosurface raycasting




Isosurface raycasting
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Isosurface raycasting

kernel
void isosurface(const int width, const int height, _ global float4* visualizationBuffer,
const int resolution, _ global float* volumeData,
const float isoValue, const floatlé invViewMatrix){
int2 id = (int2)(get_global_id(®), get_global id(1));

float2 uv = (float2)( (id.x / (float) width)*2.0f-1.0f, (id.y / (float) height)*2.0f-1.0f );

float4 boxMin
float4 boxMax

(float4)(-1.0f, -1.0f, -1.0f,1.0f);
(floatd)(1.ef, 1.0f, 1.0f,1.0f);

// calculate eye ray in world space
struct ray eyeRay;

eyeRay.origin = (float4)(invViewMatrix.sC, invViewMatrix.sD, invViewMatrix.sE,
invViewMatrix.sF);

float4 temp = normalize(((float4)(uv.x, uv.y, -2.0f, 0.0f)));
eyeRay.direction.x = dot(temp,
((float4) (invViewMatrix.s@,invViewMatrix.sl,invViewMatrix.s2,invViewMatrix.s3)));

eyeRay.direction.y = dot(temp,
((float4d) (invViewMatrix.s4,invViewMatrix.s5,invViewMatrix.s6,invViewMatrix.s7)));

eyeRay.direction.z = dot(temp,
((float4d) (invViewMatrix.s8,invViewMatrix.s9,invViewMatrix.sA,invViewMatrix.sB)));

eyeRay.direction.w = 0.0f;

77 cos




Isosurface raycasting

/] ...
float4 color = (float4)(e.ef);

float tnear, tfar;
in% hi; = intersectBox(eyeRay.origin, eyeRay.direction, boxMin, boxMax, &tnear, &tfar);
if(hit){
if(tnear < 0.0f) tnear = 0.0f;
float maxStep = 256.0f;
float step = (tfar - tnear) / maxStep;
float t = tnear + 0.0001f;
for(int i=0; i < maxStep; ++i){
float4 pos = ((eyeRay.origin + t * eyeRay.direction) + 1.0f) / 2.0f;
float density = getDensityFromVolume(pos, resolution, volumeData);

// simple iso
if( density > isoValue ){
color = 0.5f + 0.5f * dot(normalize((float4)(0.3f, -2.0f, 0.0f, 0.0T)),
getNormalFromVolume(pos, resolution, volumeData));
break;

}

t += step;
if(t>tfar) break;
}
}

if(id.x < width && id.y < height){
visualizationBuffer[id.x + id.y * width] = color;
}
}




Isosurface raycasting

int intersectBox(float4 r_o, float4 r_d,
float4 boxmin, float4 boxmax,
float *tnear, float *tfar){

// compute intersection of ray with all six bbox planes
float4 invR = (float4)(l.ef,1.ef,1.0f,1.0f) / r_d;
float4 tbot = invR * (boxmin - r_o);

float4 ttop = invR * (boxmax - r_o);

// re-order intersections to find smallest and largest on each axis
float4 tmin = min(ttop, tbot);
floatd4 tmax = max(ttop, tbot);

// find the largest tmin and the smallest tmax
float largest tmin = max(max(tmin.x, tmin.y), max(tmin.x, tmin.z));
float smallest tmax = min(min(tmax.x, tmax.y), min(tmax.x, tmax.z));

*tnear = largest tmin;
*tfar = smallest tmax;

return smallest_tmax > largest tmin;




Isosurface raycasting

floatd4 getNormalFromVolume(const float4 p,
const int resolution, _ global float* volumeData){
float4 normal;

normal.x = getDensityFromVolume((float4)(p.x + 2.0f/resolution, p.y, p.z,
0.0f), resolution, volumeData) -
getDensityFromVolume((float4)(p.x - 2.0f/resolution, p.y, p.z,
0.0f), resolution, volumeData);
normal.y = getDensityFromVolume((float4)(p.x, p.y + 2.0f/resolution, p.z,
0.0f), resolution, volumeData) -
getDensityFromVolume((float4)(p.x, p.y - 2.0f/resolution, p.z,
0.0f), resolution, volumeData);
normal.z = getDensityFromVolume((float4)(p.x, p.y, p.z + 2.0f/resolution,
0.0f), resolution, volumeData) -
getDensityFromVolume((float4) (p. x, p.y, p.z - 2.0f/resolution,
0.0f), resolution, volumeData);
normal.w = 0.0f;

if(dot(normal, normal) < 0.001f){
normal = (float4)(@.0f, 0.0f, 1.0f, 0.0f);

}

return normalize(normal);




Isosurface raycasting

float getDensityFromVolume(const float4 p,
const int resolution,
__global float* volumeData){
int x = p.x * resolution;
int y = p.y * resolution;
int z = p.z * resolution;

|| x < @) return(0.0f);
|| v < @) return(0.0f);
|| z < @) return(0.0f);

if(x > resolution -1
if(y > resolution -1
if(z > resolution -1

return volumeData[x+y*resolution+z*resolution*resolution];




Terfogat vizualizacio

Bele akarunk latni?




Terfogat vizualizacio

Atlatszo anyagok
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Terfogat vizualizacio

Lathatosag sugarkovetes
L'(s—As)= L'(s)+ (1—a'(s))-C(s)

1-a'(s—As)=(1-a'(s))-1-als))




Terfogat vizualizacio

Fenysugar kovetes
L(s+As)=(1-a(s)) -L(s)+C(s)




Fenysugar kovetes

kernel
void alphaBlended(const int width, const int height, _ global float4* visualizationBuffer,
const int resolution, _ global float* volumeData,
const float alphaExponent, const float alphaCenter,
const floatl6 invViewMatrix){
int2 id = (int2)(get_global_id(®), get_global id(1));

float2 uv = (float2)( (id.x / (float) width)*2.0f-1.0f, (id.y / (float) height)*2.0f-1.0f );

float4 boxMin
float4 boxMax

(floatd)(-1.ef, -1.0f, -1.0f,1.0f);
(floatd)(1.ef, 1.0f, 1.0f,1.0f);

// calculate eye ray in world space
struct ray eyeRay;

eyeRay.origin = (float4)(invViewMatrix.sC, invViewMatrix.sD, invViewMatrix.sE,
invViewMatrix.sF);

float4 temp = normalize(((float4)(uv.x, uv.y, -2.0f, 0.0f)));
eyeRay.direction.x = dot(temp,

((float4) (invViewMatrix.s@,invViewMatrix.sl,invViewMatrix.s2,invViewMatrix.s3)));
eyeRay.direction.y = dot(temp,

((float4d) (invViewMatrix.s4,invViewMatrix.s5,invViewMatrix.s6,invViewMatrix.s7)));
eyeRay.direction.z = dot(temp,

((float4d) (invViewMatrix.s8,invViewMatrix.s9,invViewMatrix.sA,invViewMatrix.sB)));
eyeRay.direction.w = 0.0f;

77 cos




Fenysugar kovetes

/] ...
float4 sum = (float4d)(e.ef);

float tnear, tfar;
in% hi§{= intersectBox(eyeRay.origin, eyeRay.direction, boxMin, boxMax, &tnear, &tfar);
if(hit
if(tnear < 0.0f) tnear = 0.0f;
float maxStep = 256.0f;
float step = (tfar - tnear) / maxStep;
float t = tfar - 0.0001f;
for(int i=0; i < maxStep; ++i){
float4 pos = ((eyeRay.origin + t * eyeRay.direction) + 1.0f) / 2.0f;
float density = getDensityFromVolume(pos, resolution, volumeData);
float alpha = clamp(alphaExponent * (density - alphaCenter) + 0.5f, 0.0f, 1.0f);
float4 color = (float4)(@.5f + 0.5f * dot(normalize((float4)(e.3f, -2.0f, 0.0f, 0.0f)),
getNormalFromVolume(pos, resolution, volumeData)));

color *= (float4)(density, density * density, density * density * density, 1.0f) + 0.1f;
sum = (1.0f - alpha) * sum + alpha * color;

t -= step;
if(t<tnear) break;

}

if(id.x < width && id.y < height){
visualizationBuffer[id.x + id.y * width] = (float4)(sum);
}







OpenCL textura tamogatas

Image object
1D / 2D [ 3D texturak
4 elemU vektorok
Linearis interpolacio
Cimzési modok

Textura tamogatas

cl int clGetDeviceInfo(...)

CL_DEVICE_IMAGE_SUPPORT




OpenCL textura tamogatas

mage object letrehozasa

cl mem clCreateImage2D(...)

cl mem clCreateImage3D(...)

image formatum

pitch: egy sor tarolasahoz szikseges byte meret
@ ha a host_pointer NULL
>= szélesség * elem meret byteban ha a host_pointer adott
csak a betolteshez szikseges, a belso formatum mas lehet!



OpenCL textura tamogatas

Textura formatum leiras

typedef struct cl image format {

cl channel order image channel order;

cl channel type image channel data type;
} cl image format;

Csatorna sorrend

CL_R,CL_A

L _INTENSITY

- LUMINANCE

RG, CL_RA

| RGB

_RGBA, CL_ARGB, CL_BGRA

A O O O N
|



OpenCL textura tamogatas

Textura adat formatum
CL_SNORM_INTS8 /16
__UNORM_INT8 /16
__UNORM_SHORT_565 /555
| UNORM INT 101010
__SIGNED_INT8/16/32
__UNSIGNED_INT8/16/32
__HALF_FLOAT

__FLOAT

A O O O O O N



OpenCL textura tamogatas

Tamogatott formatumok lekerdezese

cl int clGetSupportedImageFormats(cl context context,
cl mem flags flags,
cl mem object type image type,
cl uint num_entries,
cl image format* image formats,
cl uint* num_image formats)

image_type: 2D/3D image object
image_formats: a tamogatott formatumok listaja



OpenCL textura tamogatas

Olvasas Image objektumbal

cl int clEnqueueReadImage(...)

ras Image objektumba

cl int clEnqueueWriteImage(...)

origin[3]: kezdo koordinatak
region[3]: masolando meret
row_pitch / slice_pitch: reprezentacios meret



OpenCL textura tamogatas

Masolas Image objektumok kdzott

cl int clEnqueueCopyImage(...)

src_origin[3]: forras koordinatak

dst_origin[3]: cel koordinatak

region[3]: masolando terulet meérete
Masolas Image es Buffer objektum kozott

cl int clEnqueueCopyImageToBuffer(...)

cl int clEnqueueCopyBufferToImage(...)




OpenCL textura tamogatas

Sampler objektum

cl sampler clCreateSampler(cl context context,
cl bool normalized coords,
cl addressing mode addressing mode,
cl filter mode filter_mode,
cl int* errcode ret)

normalized _coords: cimzeési mod

addressing_mode: tulcimzes kezelese
REPEAT, CLAMP_TO_EDGE, CLAMP, NONE

filter_mode: textUra szUres
NEAREST, LINEAR



OpenCL textura tamogatas

Referencia szamlalo noveléese / csokkentese

cl int clRetainSampler(cl_sampler sampler)

cl int clReleaseSampler(cl sampler sampler)

Sampler informaciok lekerdezese

cl int clGetSamplerInfo(cl sampler sampler,
cl sampler_info param_name,
size t param_value size,
void* param_value,
size t *param _value size ret)

CPU oldalon letrehozott sampler tulajdonsagai




OpenCL textura tamogatas

Image object
Csak olvashato: __read_only
Csak irhato: __write_only
Olvasas es iras nem tamogatott egyszerre!

Sampler object
Host oldalon létrehozott sampler
Globalis konstans sampler

const sampler_t samplerName = NORMALIZED COORDS |
ADDRESS_MODE |
FILTER_MODE;




OpenCL textura tamogatas

Olvasas az Image objektumbal

<o_tipus> read image{f,i,ui}(image2d t image,
sampler t sampler,
<c_tipus> coord)

4, elem0 vektor az Image tipusanak megfelelen
{f, i, ui}: float, int, unsigned int
coord: a sampler cimzeseének megfeleld koordinatak



OpenCL textura tamogatas

ras Image objektumba

void write image{f,i,ui}(image2d_t image,
<coord_tipus> coord,
<color_tipus> color)

{f, i, ui}: float, int, unsigned int
coord: cel koordinatak
color: a beirando szinvektor



OpenCL textura tamogatas

Image objektum informaciok

mage dimenziok
int get image width(image{2,3}d _t image)

int get _image height(image{2,3}d t image)

int get_image depth(image3d t image)

int{2,4} get image dim(image{2,3}d_t image)

mage formatum

int get _image_channel data_type(image{2,3}d_t image)

int get image_channel order(image{2,3}d t image)




