
Computergraphik
und Visualisierung

TECHNISCHE
UNIVERSITÄT
DRESDEN

The Rendering Equation

A Top-Down Approach

Prof. Dr. Stefan Gumhold

Chair of Computer Graphics and
Visualization, TU Dresden

1S. Gumhold – Rendering EquationCG3 WS23/24



Computergraphik
und VisualisierungOverview

The Rendering Equation

 motivation and simplifications

 light transport and rendering equation

 basic radiometry and hemispherical reflectance

 numerical solution strategies
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Global Illumination

Ambient Occlusion
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rendering a particle dataset without (top) and with (bottom) ambient occlusion
© Sebastian Grottel
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Global Illumination

Multiple Scattering
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example of color bleeding
© James Gurney

increasing number of
diffuse surface scattering:

top left: once
top right: twice

bottom left: infinite
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Global Illumination

Mirror Reflection and Caustics
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example of mirror reflections and soft shadows

© Prairie Light Images

example of caustic where light
is bundled by concave curved
refractive or mirror reflective
surfaces, © Heiner Otterstedt
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Global Illumination

Participating Medium
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Crepuscular Rays are volumetric scatter-

ing effects for back light illumination

© Wikipedia

Realtime volumetric scattering in 

game engine, 

© Markus Billeter et al 2012
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 light transport and rendering equation

 basic radiometry and hemispherical reflectance

 numerical solution strategies
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Light Transport

Basic Observations

 light is reflected between mutually visible surfaces

 objects reflect and become emitters too

 dynamic energy equilibrium

CG3 WS23/24 S. Gumhold – Rendering Equation 8

© Wikipedia – Radiosity, link

emitted photons = absorped photons + escaped photons

http://upload.wikimedia.org/wikipedia/commons/f/f2/Radiosity_Progress.png
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Typical Simplifications

 macroscopic

 geometric

optics (linear 

propagation)

 no volumetric

scattering

 no dispersion

 ignore

polarization

Light Transport

Setting for Opaque Scenes
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scene geometry light sources limit scene extent

model incoming and outgoing light 𝐿 on 
all surface points 𝒙 in all directions 𝝎

𝒙
𝝎

𝐿𝜆
out 𝒙,𝝎

𝐿𝜆
in 𝒙,𝝎

𝒙′ = trace 𝒙,𝝎

𝐿𝜆
in 𝒙,𝝎 = 𝐿𝜆

out trace 𝒙,𝝎 ,−𝝎

linking of incoming and outgoing

light with raytracing operator:
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Rendering Equation

Directional Formulation [Immel et al 1986]

 total outgoing

light is emission

plus reflection

 reflect incoming

light from all 

directions with

BRDF 𝜌

 link outgoing to

incoming light 

with trace
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𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out + 𝐿𝜆
reflect 𝒙,𝝎out

𝐿𝜆
out = 𝐿𝜆

emit + 𝐿𝜆
reflect

𝐿𝜆
reflect 𝒙,𝝎out = ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

𝐿𝜆
in 𝒙,𝝎in = 𝐿𝜆

out trace 𝒙,𝝎in , −𝝎in

𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out +

ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
out trace 𝒙,𝝎in , −𝝎in cos𝜃in𝑑Ωin

directional formulation of rendering equation, which is also called transport equation

Integration over
hemisphere 𝝎in

𝒙
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Rendering Equation

Directional Form [Immel et al 1986]

Parameters

 𝒙… surface point

 𝝎out… outgoing direction

 𝝎in… incoming direction

 𝜃in… angle between surface

normal and incoming direction

 Ωin… outer hemisphere of

surface is integration domain

for incoming directions

Functions

 𝐿𝜆
out… total outgoing radiance

and to be solved for

(Fredholm integral equation of

2nd kind)

 𝐿𝜆
emit… emitted radiance

 𝜌… bidirectional reflectance

distribution function (BRDF)

 trace… raytracing operator
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𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out +

ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
out trace 𝒙,𝝎in , −𝝎in cos𝜃in𝑑Ωin

directional formulation of rendering equation, which is also called transport equation

https://en.wikipedia.org/wiki/Fredholm_integral_equation
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Rendering Equation

Important Topics related to RenEq
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𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out + ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
out trace 𝒙,𝝎in , −𝝎in cos𝜃in𝑑Ωin

modeling light 

sources

modeling

materials

ray-scene-

intersection

radiometry

•How to para-
metrize and
integrate direc-
tions 𝝎?
•How to define
𝐿𝜆 𝒙,𝝎 and 

𝜌 𝒙,𝝎in, 𝝎out ?

photometry

•How do we
perceive light?
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Directions and Solid Angle

Local Parametrization & Integration

 direction 𝝎 is paramete-

rized over unit sphere in 

spherical coordinates 𝜑,𝜃

 parametrization is relative 

to local surface normal 𝒏

 solid angle Ω is measured

in area covered on sphere

 SI unit: sr (steradian)

 integration of solid angle 

yields double integral 

over 𝜑 and 𝜃
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𝜑



𝑥

𝑦

𝑑𝜑 ∙sin𝜃

𝑑Ω

𝝎

𝒏
𝑑𝜃

𝝎 =
cos𝜑sin𝜃
sin𝜑sin𝜃
cos𝜃

,
𝜑 ∈ −𝜋, 𝜋

𝜃 ∈ 0, 𝜋2

𝑑Ω = 𝑑𝜑 ∙sin𝜃𝑑𝜃

𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out + ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

Ω
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Directions and Solid Angle

Example Integration

CG3 WS23/24 S. Gumhold – Rendering Equation 14

ඵ

Ωin

𝐶 cos𝜃in𝑑Ωin

𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out + ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

= 𝐶න

0

𝜋

2

න

−𝜋

𝜋

cos𝜃in𝑑𝜑 ∙ sin𝜃in𝑑𝜃in

= 𝐶න

0

𝜋
2

න

−𝜋

𝜋

𝑑𝜑 cos𝜃in ∙ sin𝜃in𝑑𝜃in

= 2𝜋𝐶න

0

𝜋
2

cos𝜃in ∙ sin𝜃in𝑑𝜃in

= 𝜋𝐶 −cos2𝜃in
0

𝜋
2 = 𝜋𝐶

𝐶
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Directions and Solid Angle

Connection to Surface Patches 

 patch Δ𝐴𝒚 is seen from

patch Δ𝐴𝒙 under the solid 

angle ΔΩ𝒙 that decreases

with distance squared

and cosine to normal of

patch around 𝒚

 plugging into rendering

equation yields new form 
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𝒏𝒙

𝒚

Δ𝐴𝒚

𝒙 Δ𝐴𝒙

𝒏𝒚

ΔΩ𝒙 =
cos𝜃𝒚→𝒙

𝒙 − 𝒚 2
Δ𝐴𝒚

𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit + ඵ

𝒚∈𝐴

𝜌 𝒙,𝝎𝒙→𝒚, 𝝎out 𝐿𝜆
out 𝒚,𝝎𝒚→𝒙 𝑉 𝒙, 𝒚

cos𝜃𝒙→𝒚cos𝜃𝒚→𝒙

𝒙 − 𝒚 2
𝑑𝐴𝒚

𝝎𝒙→𝒚

ΔΩ𝒙

𝜃𝒚→𝒙

𝜃𝒙→𝒚

𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out + ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

rendering equation, with integration over scene area and visibility check
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Rendering Equation II

Area Formulation [Kajiya et al 1986]

 integration of 𝒚 over complete scene area 𝐴

 geometry factor 𝐺 𝒙, 𝒚 = 𝑉 𝒙, 𝒚
cos𝜃𝒙→𝒚cos𝜃𝒚→𝒙

𝒙−𝒚 2

 when combining 𝐺 with 𝑑𝐴𝒚 the units combine to sr: 

𝐺 ⋅ 𝑑𝐴𝒚 =
1

𝑚2 ⋅ 𝑚
2 =

𝑚2

𝑚2 = 𝑠𝑟.

 with visibility test 𝑉 𝒙, 𝒚 = ቊ
1 … if visible
0 … if blocked

CG3 WS23/24 S. Gumhold – Rendering Equation 16

𝐿𝜆
out 𝒙,𝝎out = 𝐿𝜆

emit 𝒙,𝝎out + ඵ

𝒚∈𝐴

𝜌 𝒙,𝝎𝒙→𝒚, 𝝎out 𝐿𝜆
out 𝒚,𝝎𝒚→𝒙 𝐺 𝒙, 𝒚 𝑑𝐴𝒚

area formulation of rendering equation
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Rendering Equation III

Operator Formulation

 To gain insight on a higher level, one can define ray tracing

and reflection as functionals or operators 𝑻 and 𝑹 that map

radiance functions onto radiance functions:

 𝑻 ∶ 𝐿𝜆
out → 𝐿𝜆

in, 𝐿𝜆
in 𝒙,𝝎 = 𝐿𝜆

out trace 𝒙,𝝎 ,−𝝎

 𝑹 ∶ 𝐿𝜆
in → 𝐿𝜆

reflect,

 One can interpret the action of operators on functions like 

infinite dimensional matrices acting on infinite dimensional 

vectors, yielding the operator form of the rendering equation:

𝐿𝜆
out = 𝐿𝜆

emit + 𝑹 ∙ 𝑻 ∙ 𝐿𝜆
out

 solving for 𝐿𝜆
out formally with Taylor expansion yields

𝐿𝜆
out = 𝑰 − 𝑹 ∙ 𝑻 −1𝐿𝜆

emit = 𝐿𝜆
emit + 𝑹𝑻 ∙ 𝐿𝜆

emit + 𝑹𝑻 2 ∙ 𝐿𝜆
emit +⋯

 Thus the radiance function can be computed as the sum over

emitted light, single reflection of emitted light, double 

reflection of emitted light and so on…

CG3 WS23/24 S. Gumhold – Rendering Equation 17

𝐿𝜆
reflect 𝒙,𝝎out = ඵ

Ωin

𝜌 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin
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Rendering Equation III

Operator Formulation Refined

 According to the splitting of the BRDF into diffuse (𝑫), 

specular (𝑺) and mirror reflecting (𝑴) part, one can refine

the combined trace-reflection operator:

𝑹𝑻 = 𝑫 + 𝑺 +𝑴

 Refinement of formal solution yields
𝐿𝜆
out = 𝐿𝜆

emit + 𝑫+ 𝑺 +𝑴 ∙ 𝐿𝜆
emit + 𝑫+ 𝑺 +𝑴 2 ∙ 𝐿𝜆

emit +⋯

 If 𝐿𝜆
out is received in eye, this means that the rendering

equation is solved by adding up contributions by all 

different kinds of ray paths.

 The paths are typically denoted in order of light transport

from light source (𝐿) to eye (𝐸): 𝐿𝐷𝐷𝑆𝑀𝐸

 One uses regular expression syntax to capture sets of

rays: 𝐿 𝐷|𝑆 ∗𝐸

CG3 WS23/24 S. Gumhold – Rendering Equation 18
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Operator Formulation

Examples

CG3 WS23/24 S. Gumhold – Rendering Equation 19

radiosity: LD*Eraytracing: L(S|D)M*E

all paths: L(D|S|M)*E
local illumination: L(D|S)E

LDMME
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 dual to light sources the human 

eye or a camera acts as light 

sensor

 The function 𝑊𝜆
e 𝒙,𝝎in defines

the spectral efficiency of the

sensor for an incoming ray. 

 Efficiency is the percentage of

radiance, which was detected

 In the simplest case efficiency is

one for rays that hit the sensor

and zero otherwise.

 The brightness of the pixel is 

spectral power and computed

through the measurement

equation as integral over all 

incoming rays hitting the sensor. 
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𝑊𝜆
e 𝒙,𝝎in

𝒙

𝐴
𝛺in 𝒙

simplified camera model with sample point 𝒙
on aperture of area 𝐴 and solid angle of incoming
directions that hit sample pixel 𝑗

𝑗 𝝎in

Φ𝜆,𝑗 =ඵ

𝐴

ඵ

Ω𝑗
in 𝒙

𝑊𝜆
e 𝒙,𝝎in 𝐿𝜆

in 𝒙,𝝎in cos𝜃in𝑑Ω𝑗
in 𝑑𝐴

measurement equation
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 To stear the integration of the rendering equation one defines the

spectral incoming and outgoing importance function (also called

potential or response function) 𝑊𝜆
in/𝑊𝜆

out. 

 𝑊𝜆
in/𝑊𝜆

out measures the influence of the radiance 𝐿𝜆
in/𝐿𝜆

out onto the

sensor (often restricted to one pixel)

 based on the sensor efficiency function 𝑊e importance is computed

as follows and flows from the sensor to the light sources

CG3 WS23/24 S. Gumhold – Rendering Equation 21

𝑊𝜆
in 𝒙,𝝎in = 𝑊𝜆

e 𝒙,𝝎in + ඵ

Ωout

𝜌 𝒙,𝝎out, 𝝎in 𝑊𝜆
out 𝒙,𝝎out cos𝜃out𝑑Ωout

𝑊𝜆
out 𝒙,𝝎out = 𝑊𝜆

in trace 𝒙,𝝎out , −𝝎outspectral importance function

𝒙1

𝝎1
in

𝐿𝜆,1
out

𝐿𝜆,1
in 𝑊𝜆,1

in

𝐿𝜆,2
in

𝑊𝜆
e = 𝑊𝜆,2

in

𝝎2
in 𝝎1

out
𝑊𝜆,1

out

𝒙2
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rendering equation

summary

 The rendering equation combines light transport and 

equilibrium of light emission and absorption processes

 There are two parameterizations of the rendering 

equation: over directions and over surface area

 The operator notation allows to formally solve the 

rendering equation by adding contributions of all types of 

light paths

 Sensor efficiency is defined per ray that hits sensors

 Measurements are integrated over ray space and 

measured in units of power

 Importance function is used to measure influence of 

radiance along an arbitrary ray in the scene on the 

measurement with a sensor

CG3 WS23/24 S. Gumhold – Rendering Equation 22
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The Rendering Equation

 motivation and simplifications

 light transport and rendering equation

 basic radiometry and hemispherical reflectance

 numerical solution strategies
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Radiometry

Basic Properties of Light

 light is composed of

photons

 photons travel with the

speed of light 𝑐

 in medium slower by

index 𝑛 of refraction

 each photon has charac-

teristic frequency  and

wavelength 

 each photon carries a tiny

amount of energy 𝑞, 

characterized by

frequency

CG3 WS23/24 S. Gumhold – Rendering Equation 24

visualization of a light photon, © 1988 by the 
TAT Foundation, link

wavelength 
𝜆0 ∈ 400𝑛𝑚, 800𝑛𝑚

directed
transport
of energy

𝑐0 = 299792458𝑚
𝑠

𝑐 =
𝑐0
𝑛
, 𝑛 ≥ 1

𝑐 = 𝜐 ∙ 𝜆

𝑞 = ℎ ∙ 𝜐, ℎ = 6.626 ∙ 10−34𝐽𝑠

𝜐 ∈ 3.75 ∙ 1014𝐻𝑧, 7.5 ∙ 1014𝐻𝑧

𝑞 ∈ 2.5 ∙ 10−19𝐽, 5.0 ∙ 10−19𝐽

http://www.selfdiscoveryportal.com/arQuestionsLecture.htm
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Radiometry

Spectral Energy Density

 spectral filter allows to

measure photon energy

∆𝑄𝑖 within wavelength

interval Δ𝜆𝑖 around 𝜆𝑖
 relating ∆𝑄𝑖 to the interval

width yields the spectral

energy density 𝑄𝜆(𝜆𝑖)

 with narrower filters

spectral energy density

converges to derivative

CG3 WS23/24 S. Gumhold – Rendering Equation 25

∆𝑄𝑖 = ෍

𝑗|𝜆𝑗∈Δ𝜆𝑖

𝑞𝑗

𝑄𝜆(𝜆𝑖) ≈
∆𝑄𝑖

Δ𝜆𝑖
∆𝑄𝑖

Δ𝜆𝑖
𝜆𝑖

𝑄𝜆

𝑄𝜆 𝜆 =
𝑑𝑄

𝑑𝜆

𝑄 = න
400𝑛𝑚

800𝑛𝑚

𝑄𝜆 𝜆 𝑑𝜆 ≈෍
𝑖
∆𝑄𝑖 ∙ Δ𝜆𝑖
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Radiometry

Spectral Energy Density

CG3 WS23/24 S. Gumhold – Rendering Equation 26

emission spectrum of different light sources, © housecraft

http://housecraft.ca/2012/09/30/the-diy-decorator%E2%80%99s-eco-friendly-lighting-dilemma/
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Radiometry

Power and Irradiance

 spectral power Φ𝜆 is den-

sity of spectral energy 𝑄𝜆
in time 𝑡

 irradiance𝐻𝜆/ radiant

exitance or radiosity 𝐸𝜆 are

densities of incoming / 

emitted spectral power in 

surface area A

CG3 WS23/24 S. Gumhold – Rendering Equation 27

Φ𝜆 𝜆, 𝑡 =
𝑑𝑄𝜆
𝑑𝑡

𝐻𝜆|𝐸𝜆 𝒙 =
𝑑Φ𝜆

in|out

𝑑𝐴

𝑄𝜆 𝜆 = නΦ𝜆 𝜆, 𝑡 𝑑𝑡 ≈෍Φ𝜆,𝑖∆𝑡𝑖

Φ𝜆
in =ඵ𝐻𝜆 𝒙 𝑑𝐴 ≈෍𝐻𝜆,𝑖∆𝐴𝑖

𝑑𝐴 = 𝑑𝑥 ∙ 𝑑𝑦

∆𝐴 = ∆𝑥 ∙ ∆𝑦∆𝐴

𝐻𝜆

𝒙 ∆𝐴

𝐸𝜆

𝒙
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Radiometry

Radiance

 incoming and outgoing 

radiance 𝐿𝜆
in|out

are densi-

ties of Φ𝜆
in|out

over the 

direction 𝝎 of transport 

and the area 𝐴⊥ ortho-

gonal to 𝝎.

 in vacuum radiance is 

constant along ray

 carfull: relating to 

surface area needs 

additional cosine term:

CG3 WS23/24 S. Gumhold – Rendering Equation 28

𝐿𝜆
in|out

𝒙,𝝎 =
𝑑2Φ𝜆

in|out

𝑑𝐴⊥𝑑Ω
in|out

𝝎

𝑑Ω

𝑑𝐴⊥

𝐻𝜆|𝐸𝜆
𝒙

𝒏

𝝎
𝜃

𝑑𝐴 =
𝑑𝐴⊥
cos𝜃= ඵ

Ω

𝐿𝜆 𝒙,𝝎 cos𝜃𝑑Ω𝐻𝜆|𝐸𝜆 𝒙 =
𝑑Φ𝜆

𝑑𝐴
=
cos𝜃 ∙ 𝑑Φ𝜆

𝑑𝐴⊥
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Radiometry

BDRF

 surface reflection

distributes incoming light 

over all outgoing

directions

 the bidirectional

reflectance distribution

function 𝜌 (BRDF) is

density of reflected

radiance 𝐿𝜆
reflect with 

respect to irradiance 𝐻𝜆
 integration over

hemisphere

yields total 

reflected radiance
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𝜌𝜆 𝒙,𝝎in, 𝝎out =
𝑑𝐿𝜆

reflect 𝒙,𝝎out

𝑑𝐻𝜆 𝒙,𝝎in

𝐿𝜆
reflect 𝒙,𝝎out = ඵ

Ωin

𝜌𝜆 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

𝑑𝐻𝜆 = 𝐿𝜆
incos𝜃in𝑑Ωin

𝒙

𝒏

𝝎in
𝜃in

𝐿𝜆
in

𝝎out

𝐿𝜆
reflect



Computergraphik
und Visualisierung

Radiometry

Diffuse BDRF & Reflectance

 directional hemispherical
reflectance 𝑅𝜆 or albedo
computes fraction of
outgoing light over
incoming light focused
around 𝝎in

 for a constant (diffuse) 
BRDF, also 𝑅𝜆 is constant

 𝑅𝜆 defines 𝜌𝜆
diff fully:
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𝑅𝜆 𝝎in =
𝑑𝐸𝜆 𝝎in

𝑑𝐻𝜆 𝝎in
∈ 0,1

= ඵ

Ωout

𝜌𝜆 𝒙,𝝎in, 𝝎out cos𝜃out𝑑Ωout

𝒙

𝒏

𝝎in

𝐿𝜆
in

𝑑𝐸𝜆 = ඵ

Ωout

𝑑𝐿𝜆
reflectcos𝜃out𝑑Ωout

𝑑𝐿𝜆
reflect = 𝜌𝜆𝑑𝐻𝜆

𝑅𝜆 𝝎in = 𝜌𝜆
diff ඵ

Ωout

cos𝜃out𝑑Ωout = 𝜋𝜌𝜆
diff

𝜌𝜆
diff = Τ𝑅𝜆 𝜋
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Radiometry

Diffuse BDRF & Reflectance

 Full derivation of formula for directional hemispherical

reflectance
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𝐸𝜆 𝒙 = ඵ

Ωout

𝐿𝜆
reflect 𝒙,𝝎out cos𝜃out𝑑Ωout

𝐿𝜆
reflect 𝒙,𝝎out = ඵ

Ωin

𝜌𝜆 𝒙,𝝎in, 𝝎out 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

𝐸𝜆 𝒙 = ඵ

Ωin

ඵ

Ωout

𝜌𝜆 𝒙,𝝎in, 𝝎out cos𝜃out𝑑Ωout 𝐿𝜆
in 𝒙,𝝎in cos𝜃in𝑑Ωin

𝐸𝜆 𝒙 = ඵ

Ωin

ඵ

Ωout

𝜌𝜆 𝒙,𝝎in, 𝝎out cos𝜃out𝑑Ωout 𝑑𝐻𝜆

𝑅𝜆 𝝎in =
𝑑𝐸𝜆 𝝎in

𝑑𝐻𝜆 𝝎in
= ඵ

Ωout

𝜌𝜆 𝒙,𝝎in, 𝝎out cos𝜃out𝑑Ωout

𝑑𝐻𝜆
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basic radiometry

summary

 radiometric quantities are derived from photon energy 

per time (power) and the power densities with respect 

to area and or direction

 most important is radiance – the light power travelling 

along a ray. Without volumetric scattering, the radiance 

is constant along rays.

 The BRDF relates incoming irradiance with outgoing 

radiance and is integrated over hemisphere relative to 

surface normal.

 BRDFs can be analyzed by integrating over one 

directional argument. Integration over outgoing 

directions yields directional hemispherical reflections 

that must be ≤ 1.
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The Rendering Equation

 motivation and simplifications

 light transport and rendering equation

 basic radiometry and hemispherical reflectance

 numerical solution strategies

CG3 WS23/24 S. Gumhold – Rendering Equation 33



Computergraphik
und Visualisierung

Solving the Rendering Equation

Radiosity

 Assumption: only diffuse

emission and reflection

 dependency on direction can be

dropped on outgoing radiance

𝐿out and restriction to exitant

radiosity 𝐸 possible

 discretize surface into patches 𝐴𝑖
around 𝒙𝑖

 integrate pairwise geometry

terms over patches: 𝐹𝑖𝑗

 derive system of linear equations:

𝐸𝜆,𝑖
out = 𝐸𝜆,𝑖

emit + σ𝑗 𝜌𝑖𝐹𝑖𝑗𝐸𝜆,𝑗
out

 and solve for vector of radiosities

𝐸𝜆,𝑖
out

 solution is independent of view

point and can be baked
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𝒙𝑖𝐴𝑖

𝒙𝑗

𝐴𝑗

𝐹𝑖𝑗
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Solving the Rendering Equation

Bidirectional Path-Tracing

 define camera and repeat

multiple times per pixel

 sample camera path

 sample primary ray and

find intersection 𝒙1
 while Russian roulette

 sample secondary ray

and find intersection 𝒙𝑖

 sample light path

 sample light position 𝒚0
 while Russian roulette

 sample secondary ray

and find intersection 𝒚𝑖

 interconnect paths
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𝒙1

𝒙2

𝒙3

𝒚0

𝒚2

𝒚1

compare java-script Path-Tracing under
http://madebyevan.com/webgl-path-tracing
and try to find a caustic

Monte-Carlo Integration

http://madebyevan.com/webgl-path-tracing
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 light is modeled as contineous radiance fields on scene

surface

 light bounces between visible surfaces until equilibrium

 bounces are described by BRDF (material property)

 rendering equation is integral equation in outgoing

radiance (or optionally in incoming radiance)

 pixel values are computed by integration of radiance over

the rays hitting the sensor

 solution strategies build on discretizations of the scene

or monte-carlo integration techniques

 assumption of pure diffuse emission and reflection

reduces problem to a system of linear equations
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