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What Is Rendering?

* In computer graphics, rendering or image synthesis is the process of generating
a photorealistic or non-photorealistic image from a model by means of a
computer program.

* Photorealistic & Stylized
* Physically based rendering (PBR).



Models of Light

* Quantum optics: wave-particle duality.

* Wave optics: electromagnetic wave.
* A Generic Framework for Physical Light Transport (Siggraph 2021)

* Geometric optics: straight line.
e Ray equation:r(t) =o+td/1r(t) =0+ t0O

* Geodesic: Gravitational Lensing by Spinning Black Holes in Astrophysics, and in the Movie
Interstellar (ArXiv 1502.03808)



Radiometry

e Flux

* The total energy flows through a surface per unit time,
symbol @, unit [W].

* Irradiance/Radiosity

* The incident/exitant radiant power on a surface, per unit
surface area, symbol E/B, unit [W /m?].

do
E—B—d—A

 Radiance

* All the direction of power arrives at or leaves from a
certain point on surface, per unit solid angle, per unit
projected area, symbol L, unit [W /(m? - sr)].
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Surface Rendering

* Bidirectional Reflectance Distribution Function (BRDF)

* Rendering equation
* L(x,0) = L,(x,0) + [, L(x, ¥)f(x,0 & W)|cos(N,, ¥)|dwy

* Global illumination/Path tracing




Results

Direct illumination Haizhao Dai Path tracing (16 times)



Participating Media

* Oversimplification
* No participating media. Radiance is conserved along its path.
* Ray scatters from the same location where it hits an objects.
* Can not clearly define a surface for smoke, cloud, and fire.

* Participating media
* Transform into other forms of energy. (Absorption)L(ij)
* Transform into visible light photos. (Emission)
* Change the transport direction. (Scattering) =

* Volumetric representation
(a) Absorption (b) Out-scattering (c) In-scattering (d) Emission

* Suppose there is a ray transferring from x to y, with ray equation:

-r(t)=x+®t,®=“;:il|,OStSS:||y—x||

* Note that the ray start from the light source.




Absorption

e Absorption coefficient o,(z) (unit [m=1]).
* The probability of a photon get absorbed in a volume.

* In general, absorption is isotropic (w.r.t. input direction).

dL(z —» ©) = —0,(z)L(z — ©O)dt



Emission

* Volume emittance: €(z) (units [W /m?3])

* In general, emission is isotropic (w.r.t. output direction): €(z)/4m (units
[(W/(m? - s)])

* The radiance added to the ray due to the volume emittance:

dL(z — ©) = G(Z) 2 At = L (z)dt



Out-scattering

e Scattering coefficient 5(2z) (unit [m™1)).
* Qut-scattering is identical to absorption.

e Extinction coefficient 0,(2) = 0,(2) + 05(2) (unit [m™1]).

dL(z — ©) = —0,(z)L(z — ©)dt



In-scattering

* Scattering is not isotropic (w.r.t. output direction).

* Phase function.

dL(z — ©) = 04(2) p(z,0 & ¥)L(z — ¥)dowydt
82
Ego = 05(z)Ls(z — O)dt

x=1000
x=10000
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Radiative Transfer Equation

* A kind of Boltzmann equation.
* (®-V)L(z > 0O) =—0:(z)L(z > O) +0,(z)L.(z > O) + 05(z)Ls(z — O)

* Solution to first-order homogeneous linear ODE:

d
~L(1) = —0y()L(1)

dL(t)
L(t)

InL(t) = In L(0) = —fotat(u)du

—o(t)dt

L(t) = L(0) exp (—[) Ut(u)du)



Transmittance

e Optical thickness: T(x, z)/t(0, t).
- 7(0,t) = — fot o, (uw)du
e Transmittance: T(x,2z)/T(0,t).

* Surface definition: The radiant flux transmitted by that surface / The radiant flux received
by that surface.

* L()/L(0) =T(0,¢)
* The percentage of radiance reserved (Statistically)
* The probability of a photo pass through (Probability)



Radiative Transfer Equation

* Solution to first-order inhomogeneous linear ODE:

L(t) = M(t) exp (—/0 O't(u)du)
dM(t) = exp ([) O't(u)du) [oa(t)Le(t) + o5 (t)Ls(t)]dt
M(t) — M(0) = [) exp ([) O't(U)dU) [oa(u)Le (1) + o5 (u)Ls(u)]du
= xp | — o;(u)d xp | — o (v o, ¢ O s
L(t) = L(0) ¢ p( | atw ) v [ e p( | >dv) [0 ()Le () + 0 (1) L () d

L(t) = L(0)T(0, 1) + /t T'(u,t)[0a(u)Le(u) + o5 (u)Ls(u)|du
0



Results

Path tracing (50 times) + volume rendering
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NeRF’s Setting

* No scattering.
* Note that the ray is from camera and reversely parameterized.

 Discretize:

* Non-uniformly divide [0, s] into n bins, x; (0 < i < n)isthepoints, §; =x; —x;_1 (1 < i <
n) is the length of the small bin, using Riemann sum to approximate the integral.

L(s) = L(0)T(0, s) +/ST(t, $)o, (1)L, (t)dt

0

T(t,s) =exp (— /S at(u)du)



Discretizing

* Non-uniformly divide [0, s] into n parts, x; is the points, 0; is the length of the
small bin, using Riemann sum to approximate the integral.

exp (— ‘/OS Ut(u)du)
CXp (— an Ut(xi)5i)

n

= 1_[ exp(—o;(x;)d;)

=1

e Transmittance:

T(0,s)



Discretizing

* Non-uniformly divide [0, s] into n parts, x; is the points, 0; is the length of the
small bin, using Riemann sum to approximate the integral.

* Radiance:

s ) t e dt = n ) ) t e d
/0 T(t,s)0,(t)L.(t)dt ;/x T(t,5)0; (t)Lo(t)dt

~ Zn: ‘/‘Xi T(t, S)O't(t)Le(Xi)dt = iLe(xi) /

X

) T(t,s)o;(t)dt

1

— ZLe(Xi) / : % exp (—/ crt(u)du) dt = Z Le(x;) [T(x;,8) — T(xi-1,5)]
= Zn: Le(xi)T (x5, 8) [1 = T(xi-1,x3)] = Zn: Le(xi)T (x4, ) ll — exp (_ /Xi Ut(xl-)du)]

= Z Le(x;)T (x5, 5) [1 — exp(—04(x;)5;)]
=1 Thus we define a; = 1 — exp(a;:(x;)5;)
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