BRDF describe the Materials

diffuse
Dittuse / Lambertian Material

Light is equally reflected in each output direction

Suppose the incident lighting is uniform:
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reflect
Perfect Specular Reflection

Top-down view
(looking down on surface)
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refract
Snell's Law
Transmitted angle depends on

index of refraction (IOR) for incident ray
index of refraction (IOR) for exiting ray

Wi n Medium n*

Vacuum 1.0
Air (sea level) 1.00029

0, Water (20°C)  1.333
Q, . Glass 1516
! Diamond 2.42

/ * index of refraction is

wavelength dependent
e (these are averages)
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Total internal reflection: 1— (ﬁ) (1— cos? 6;) <0

When light is moving from a more optically dense
medium to a less optically dense medium:  7); >1
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ight incident on boundary from large enough angle will

ot exit medium.
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Accurate: need to consider polarization
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Microfacet Materials f{RE R
Microfacet Theory

Rough surface
® Macroscale: flat & rough
® Microscale: bumpy & specular

microsurface macrosurface Air

Material
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WMicroracet BRDF

e Key: the distribution of microfacets’ normals

e What kind of microfacets reflect wi to wo?

(hint: microfacets are mirrors)

half vector h

e Concentrated <==> glossy
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Microtacet BRDF

shadowing- distribution
Fresnel masking of
term term normals

F(i,h)G (i, 0, h)D(h)

m Y= im im0

shadow-masking term REEBMREZEMEEER, PMEMBIIEEKRE.
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Isotfgfiic / AnlsotropFMaterials (BRDFs)

® Key: directionality of underlying surface

Isotropic

Anisotropic

- Surface (normals) BROF (fix wi, vary wo)
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BROF E9f4 [
Properties of BRDFs o

® Non-negativity
frwi 2 w) >0
® Linearity

Lo(pywr) = / £ (Dy i = wr) La(p, ws) cos b, duw
H2

[Sillion et al. 1990]




® Reciprocity principle
fr(wr = w;) = fr(wi = wr)

4 4

® Energy conservation
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Yw, fr(wi = wy) cosb; dw; <1
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® |sotropic vs. anisotropic

e Ifisotropic, f.(0i,¢i;0r, ) = fr(6s,0r, &r — b3)
® Then, from reciprocity,

fr(eiaar; ¢r - ¢z) = fr(oraeiu(f)i = ¢r) = f’!’(aiag’!‘a |¢r - ¢z|)
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T—%5 Advanced Topics EAFLEMR _EHIRIRIFIFT , BiZMIMEL 7,
FHEHMEEINTHSARTE Render.cpp, 12X spp SEEER/DIZS,

JFEE path tracing YUY, EBXMFABEICREFIF—R,

IEWTE scene.hpp REEEFET fresnel RE, FIHMALMMREMET -
AEE—T=AR.hpp BEXMARE, XTRHBEZEZMIXITEA sanpleLight() B9AR

void Sample(Intersection &pos, float &pdf){
float x = std::sqrt(get _random float()),
pos.coords = vO * (1.0f - x) + vl * (x
pos.normal = this->normal;
pdf = 1.0f / area;

y = get_random_float();
(1L.0f - y)) + v2 * (x *vy);

*

}
hasenit M@ EEILENE R,
FrLUER samplelight M9ANE SRR

Intersection inter;
float pdf_light;
sampleLight(inter, pdf light);
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TEXMRECEERE, BXFRERIZAMNHE sanpleLight BE,
Vector3f Material::getEmission() {return m_emission;}

Aig Intersection BE material #EFT, FRUAEZIE=AMH Sanple HREXEF—a
pos.m = m; FAIT o M, RIEFHKEREIZAB pos.emit = m->getEmission(), XFE{AFATEE
A SR—=, T Material EEHELETEHEAN,

ARMER eval KE, RARET wo, %A wi, EEMEXFXIFERIN diffuse BY
BRDF, iX# BRDF RSB ENTR, FAUREANFEE R, (HEAX MK T —FF,

WATET.

FIERRFAINMELBFIEEMER+0ES, WRBEARKIREARN. FRIFIRELL castRay()
BRERAVEE, NEMSR—MIARKIRE.

ARBHNRAR— N HFEANNA (XERCEIATRZRIREAMR), B castRay BAFIERY
NA, XENXFIET, HAREEHIHES, M castRay RENGIEHEL.

XGEWT, MR

MEATMARBZE, sanplelight RIEHIE sample ZEH,

(XE Material::pdf 7£ diffuse MBEHEMBEZSE wo HX)

RiEE Material BEREHKVIARLN, EEBE=MAA.sample EML pos.m = m;

Vector3f Scene::castRay(const Ray &ray, int depth) const
{
Vector3f Ldir, Lindir;
Intersection scene _inter = intersect(ray);
if(scene_inter.happened == false) return Lindir;// 0

if(scene_inter.m->hasEmission())
return scene inter.m->getEmission();
else
{
Intersection inter light;
float pdf_light;
sampleLight(inter_light, pdf_light);

Vector3f w light = normalize(inter light.coords - scene inter.coords);
Ray to light(scene_inter.coords, w_light);
if(intersect(to_light).distance >= (inter_light.coords -
scene_inter.coords).norm()) {
float div = (inter_light.coords - scene_inter.coords).norm();
Ldir = inter light.emit * inter light.m->eval(w_light, w_light,
scene_inter.normal) * dotProduct(w _light, scene inter.normal)
* dotProduct(-w_light, inter_light.normal) / div / div / pdf_light;
}

// Russia

std::random device rd;

// =M Mersenne Twister 31%

std::mt19937 gen(rd());

// mxXzaw - 0.0=1.0xEe95 A
std::uniform_real distribution<> dis(0.0, 1.0);



// A BLBEIUEK I HLER
if(dis(gen) < RussianRoulette)
{
Vector3f wo = normalize(scene inter.m->sample(ray.direction,
scene_inter.normal));
float pdf = scene_inter.m->pdf(ray.direction, wo, scene_inter.normal);
Lindir = castRay(Ray(scene inter.coords, wo), depth + 1) * scene inter.m-
>eval(wo, wo, scene inter.normal)
* dotProduct(wo, scene inter.normal) / pdf / RussianRoulette;

return Ldir + Lindir;

// TO DO Implement Path Tracing Algorithm here
// Intersection inter;
// float pdf light;
// Vector3f emission;
// sampleLight(inter, pdf light);
// //Vector3f dir = normalize(Vector3f(-x, y, 1));
// Vector3f w = normalize(inter.coords - ray.origin);
// if(scene inter.distance >= (inter.coords - ray.origin).norm()) {
// Ldir = inter.emit * Material::eval(w, w, )
// '}
}
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