B2 2Z8M radiant flux # radiant intensity

Irradiance

Definition: The irradiance is the power per (perpendicular/

projected) unit area incident on a surface point.
k

d®(x)
dA

E hj = lux
m? m2 "

irradiance EEGENFAN ERERER, RANESSRUEREY, WMitEMH, BREXE

EERRENNER,
XBRETREEETRENA BT LEN,
radiant intensity F=MEEE=H, irradianace 7 %o

E(x) =

Definition: The radiance (luminance) is the power emitted,
reflected, transmitted or received by a surface, per unit solid
angle, per projected unit area.

dQ(b(p, w> cos # accounts for
L (pv UJ) dw dA cos @ projected surface area

W cd lm "
— = —— =ni
sr m? m?  srm?
i

radiance, M3, FILAEMIFAC METRIESTRESR, ATLIENIXR AETREMREER, REaLL
AR, wAiediEREES, HERHSE, Pt AERENEE,

XANEDINIZA flux BR intensity —iciff. WFEEIME—&E#H 7, radiance BERILLZE
irradiance per unit solid angle, WAJLAE intensity per unit projected area.

radiance #HEL intensity WYL= TE AI LUERIEATI SR,
BES, nit, IMEFHERELEEX Rl




Irradiance: total power received by area dA

Radiance: power received by area dA from “direction” dw

dE(p,w) = Li(p,w) cos § dw

E(p) / Li(p,w) cos O dw
H2

Unit Hemisphere: H?

i, 57 MR

BRDF(Bidirectional Reflectance Distribution Fuction)IRAR4%49>FrEKiEk

The Bidirectional Reflectance Distribution Function (BRDF)

represents how much light is reflected into each outgoing direction Wy
from each incoming direction

L(x,o,)
dL (x,w,)

! dEZ (LL}]) L7 (w,,:) CcOS 9, dwi

Sr

Follts — wp) = dLy(wr) dL,(w,) [ 1}

XN ENE REL, EREREMASLRAXNRUBERRMR irradiance LG A MRM

T %’V radiance 177 . BB AR EENELE, WHE radiance per irradiance,
XNRAELMEBEE XEMM R,

AR R R—L,

Lr(pa wy) = / fr(pvwi — w7~)Li(P7wi) cos 6; dw;
JH?2



Rendering Equation ;EH757T2

The Rendering Equation

Lo(p,wo) = Le(pywo) + /Q L) i) )

Note: now, we assume that all
directions are pointing outwards!

HIME2 A RIS EHE

W, BABAERSIZN, B PMEBRREIFHENX , AANE SRR ST &5t
fE[El3k,
BERR..... A, TR

* Approximate set of all paths of light in scene

L=E+KL
IL-KL=E
(I-K)L=E

L=(I-K)'E
Binomial Theorem

L=(I+K+K*+K*+...)E
L=E+KE+KE+KE+...

BERXMBICLIEERR G EFVRCLIEIRRINRIR T, EERHEICHEE E+ KE X&7.

L=E+KE+KE+KE+...
)

Emission directly
From light sources

Direct lllumination
on surfaces

Indirect lllumination
(One bounce indirect)
[Mirrors, Refraction]

(Two bounce indirect illum.)

REIT FEEIRRIULSR, 1B, BREFEFEAT.

ft4a, BEERIL! BEREIESBERE,

Conditions on p(x): p(z) > 0 and /p(:r) dr=1
Expected value of X:  E[X] = ].L‘p(:l?) dx

XEFE PDF(Probability Distribution Function) MENMEHARZMER, SH—ERERSD
I eitE,

x, 187



Expected value of a function of a random variable:

BlY] = BLFCX)) = / f(z) pla) da

M, BESRBHAEEN, FIRIFIERR

Monte Carlo Integration
—MEIERZE, AIUERKAIERD AR T EREBETR Do

/f(:n) Qo =

Some notes:

2

Xi ~ p(x)

® The more samples, the less variance.

® Sample on x, integrate on x.

W—TFXMHREE,

[ oo = ] 1]
/ us _/ pl )p(x)dw Elx p(x)
E BT p(z) THIN, I8, X—FTHIAEEEBHREMENRA, TEA BT,

SHERBRMODAEEGITHNZE E[X].
£ E[X] B9 (B0 p(z) 1B/ PDF) TR N XKRFY, mEfEitdiET, B8,

Path Tracing

Lo(p,w,) =

= |

N
p wl)f'r(p Wi, Wo)(n Wz)
; p(wi)

shade(p, wo)
Randomly choose N directions wi~pdf
Lo = 0.0
For each wi
Trace a ray r(p, wi)
If ray r hit the light
Lo += (1 / N) * L_i * £ r * cosine / pdf(wi)

-Return Lo >
iR, HSEIRE R,



ETIRENMI2B/BARAIZE, XFERBZERNAIFEIIRBMALE FX shade RE
NRAETRE, (KLFRESDE=-FFRE-1, EFAELTFERXEREDLR)
shade(p, wo) A I
Randomly choose N directions wi~pdf
Lo = 0.0
For each wi
Trace a ray r(p, wi)
If ray r hit the light
» Lo+= (1 / N) * L i * £ r * cosine / pdf(wi)
Else If ray r hit an object at g

Lo += (1 / N) * shade(q, -wi) * f r * cosine
/ pdf(wi)

W, ARILISMHAT XN EERSERERIF. ARRIIARF—IRIACEFIIIEHIREIE, 7
ERZIBER T o

N =1 BIRMERIELRND, Monte Carlo MAOTEREZIFEKR, RIBRAXZE—TERE
AHBE L, BAFSENFKFRATEORER, BENTX—MRENRER, B2
MR MERIRIFME,

But this will be noisy!

No problem, just trace more paths through each pixel and
average their radiance!

X

pixel

-

XREI TR T B IREZINGEREEIMSERE T REER . HT M,

WRIA—MERFREZITRE M T, SARKTENRMERFRIIFEINENHZSEE TR
BRNTR, XWEBXNTERELZL,

Suppose we manually set a probability P (0 < P < 1)

With probability P, shoot a ray and
return the shading result divided by P: Lo / P

With probability 1-P, don’t shoot a ray and you'll get 0

In this way, you can still expect to get Lo!:,
E=P*(Lo/P)+(1-P)*0=Lo

HEED%?; 13&"‘_f:i§%_tli5§§§uEFJfEﬁgfiﬁﬁﬂo
HIER S BIREHIMZ (1-p) 3 p'i, BEETMRHENES LS, BHRE 55,

. >0
=
BEE & ”

f&E% shade BZHLERNLR, —IMRBUBRDGREEME TR, Z—TMERLR
BT o



Need to make the rendering equation as an integral of dA

Need the relationship between dw and dA

Easy! Recall the alternative def. of solid angle:

Projected area on the unit sphere

_ dA cosd

EEEIR

dw

il P S
(Note: 8’, not 6) 2 19/:1}» ‘

:

shade(p, wo) RUE

# Contribution from the light source.
Uniformly sample the light at x’ (pdf_light = 1 / A)
L dir =L i * £r * cos © * cos 6’ / |x’ - p|"2 / pdf_light

# Contribution from other reflectors.

L_indir = 0.0

Test Russian Roulette with probability P_RR

Uniformly sample the hemisphere toward wi (pdf _hemi = 1 / 2pi
Trace a ray r(p, wi)

If ray r hit a non-emitting object at g

L_indir = shade(qg, -wi) * £ r * cos 6 / pdf_hemi / P_RR

.Return L dir + L_indir

ERNEEREEN, XERIMCFEHITEERSE, WREEKNEERRTBRFTT E.
Path-Tracing EIEf4ZI7T Photo-Realistic.

ZIMER THSX 5, "Ik

MEIRAZBERE ZIEME Whitted-Styled Yt4%iBER, MMIENIEER—FHGFR,
XiRE| T —EIER, I, FHRESRIATRRT .

H— T 6.
BTEBIEE— T castRay AVHTIEO, FHEZRFEE T — Ray.hpp

Vector3f dir = normalize(Vector3f(x, y, -1)); // Don't forget to normalize this
direction!

Ray newray(eye pos, dir);

framebuffer[m++] = scene.castRay(newray, 0);

AR, BTFRERRERSGHARD, (RETUARNE—TENEZEOZ ERRAEEEERALLE
RFIE, MEEXMERENEREILALERN......



EE¥NM Triangle::getIntersection FFUARME, {RE&XIME— MM rayTriangleIntersect

BYBRER, SRILRIZTLF—HEBIThEE......

HAELAE 1M Intersection HENIREMENGENE, FTEAIMT —M Object BIE,

tRFIEN? ERIME=AFEMEBHED Object, XA RMIFKZ C++ NERMNR,
FRAMT 40T,

if (t_tmp < EPSILON) // st=miemsr, 12759 AEE
return inter;

inter.happened = true;

inter.coords = u * v0 + v * vl + (1 - u - v) * v2;// @w=ss ray(t tmp)
inter.distance = t_tmp;

inter.normal = normal;

inter.obj = this;

inter.m = m;

¥ TKZ Bounds AR, fRIGHIE pMin A pMax B=XEXMAERTEE......J5....

ST AN REMMIE=NTFEERIRSMA T —XFE, RYEH.

void myswap(float &x, float &y) {
float tmp = x;
X =Y,
y = tmp;

}

inline bool Bounds3::IntersectP(const Ray& ray, const Vector3f& invDir,
const std::array<int, 3>& dirIsNeg) const

{

// invDir: ray direction(x,y,z), invDir=(1.0/x,1.0/y,1.0/z), use this because

Multiply is faster that Division

// dirIsNeg: ray direction(x,y,z), dirIsNeg=[int(x>0),int(y>0),int(z>0)], use

this to simplify your logic
// TODO test if ray bound intersects

float tMin x = (pMin.x - ray.origin.x) * invDir.x;
float tMax_x = (pMax.x - ray.origin.x) * invDir.x;
float tMin_y = (pMin.y - ray.origin.y) * invDir.y;
float tMax y = (pMax.y - ray.origin.y) * invDir.y;
float tMin _z = (pMin.z - ray.origin.z) * invDir.z;
float tMax_z = (pMax.z - ray.origin.z) * invDir.z;

if(!'dirIsNeg[0]) myswap(tMin_x, tMax x);

if(!dirIsNeg[1]) myswap(tMin_y, tMax_ y);

if(!dirIsNeg[2]) myswap(tMin_z, tMax z);

// EEHH s BER, BH22AF pMin.x < pMax.Xx, EHUIEYKLEF ER—EANEIKR
// #HESETREICSMAREIBT t K tMin, xsaReygEA~ t 2mA tMax

float tMin = std::fmax(tMin_x, std::fmax(tMin_y, tMin z)),
tMax = std::fmin(tMax x, std::fmin(tMax y, tMax z));

if(tMin < tMax && tMax >= EPSILON) return true;
return false;

}
/R build_bvh RiME&EER, ENEMT Object KA Cr+ BILIK......

£54



Intersection BVHAccel::getIntersection(BVHBuildNode* node, const Ray& ray) const
{

// TODO Traverse the BVH to find intersection

Intersection isect;

std::array<int, 3> dirIsNeg;

dirIsNeg[0] = ray.direction.x > 0;
dirIsNeg[l] = ray.direction.y > 0;
dirIsNeg[2] = ray.direction.z > 0;

if(!node->bounds.IntersectP(ray, ray.direction_inv, dirIsNeg)) return isect;

if(node->left == nullptr || node->right == nullptr) return node->object-
>getIntersection(ray);

Intersection lsect = getIntersection(node->left, ray), rsect =
getIntersection(node->right, ray);

return lsect.distance < rsect.distance ? lsect : rsect;
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