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1. Lightis emitted by a light source
2. Light interacts with the scene

3. Lightis absorbed by a sensor

Absorption

Scattering
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Light Transport
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Light Transport Quantities
Radiant flux - @ :

“Radiant energy emitted, reflected, transmitted or
received, per unit time.”

Units: watts = joules per second
W=Js 1.

Simplified particle analogy:
number of photons.

Note: photon energy depends on electromagnetic wavelength:

E= % , where h is Planck’s constant, c is the speed of light,

and A is wavelength. At A = 550nm (yellow), a single photon
carries 3.6 * 10719 joules.
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Light Transport Quantities

In a vacuum, radiant flux emitted by a point light
source remains constant over distance:

A point light emitting 100W delivers 100W to the
surface of a sphere of radius r around the light. This
sphere has an area of 47r?; energy per surface area
thus decreases by 1/72.

In terms of photons: the density of the photon
distribution decreases by 1/r2.
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Light Transport
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Light Transport Quantities
A surface receives an amount of light energy
proportional to its solid angle: the two-dimensional

space that an object subtends at a point.

Solid angle units: steradians (sr).

Corresponding concept in 2D: radians; the length of the
arc on the unit sphere subtended by an angle.
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Light Transport
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Light Transport Quantities

Radiance - L :

“The power of electromagnetic radiation
emitted, reflected, transmitted or received
per unit projected area per unit solid angle.”
Units: Wsr~1m™2

Simplified particle analogy:

Amount of particles passing through a pipe
with unit diameter, per unit time.

Note: radiance is a continuous value:
while flux at a point is 0 (since both area and solid angle are 0),
we can still define flux per area per solid angle for that point.
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Light Transport

Light Transport Quantities
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Light Transport

Light Transport Quantities
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Light Transport
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Pinhole Camera

A camera should not accept
light from all directions for a
particular pixel on the film. A
pinhole ensures that only a
single direction is sampled.

In the real world, an aperture
with a lens is used to limit
directions to a small range,
but only on the focal plane.

v
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Materials

Material properties:

= Texture + detail texture
= Shader
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Absorption:
Happens on ‘optical discontinuities’.

Light energy is converted in other forms of
energy (typically heat), and disappears from
our simulation.

Materials typically absorb light with a certain
wavelength, altering the color of the scattered
light. This is how we perceive material color.
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Materials

Scattering
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material is emissive.
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E * ((weight * cosThetaOut) / direct

sndom walk - done properly,
sive)

]

yt3 brdf = SampleDiffuse( diffuse, N, r1
srvive;

pdf;

v = E * brdf * (dot( N, R ) / pdf);

3on = true-*
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Light / surface interaction

In: irradiance (E), from all directions over the hemisphere.
Out: exitance (M), in all directions over the hemisphere.

The relation between E and M is linear:
doubling irradiance doubles exitance.

M :
— must be in the range 0..1.
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Sensors
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Sensors typically consists of many small sensors:

= Rods and cones in the eye
= Dye particles in the film

= Pixel elements in a CCD

®= Aray in aray tracer

= A fragment in a rasterizer

Note that we cannot use irradiance
to generate an image:

irradiance is a measure for light
arriving from all directions.

Architecture

Photodiode
Sensor
Array

Charge
Transfer

Direction

Frame

=1 ITITILE]

VIV

QutpUt Amplifier

Extended
Multiplication
Register
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Sensors

Pinhole camera

To capture light from a specific direction, we use a camera with
3 a small opening (the aperture), so that each sensor can ‘see’ a
small set of incoming directions.
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Radiance
Radians:

length of arc
on unit circle

0

they average light over a small area, and a small 2T
set of incoming directions.

Using a pinhole camera, the sensors become
directionally specific:

Steradians:
area of surface
on unit sphere

Recall that this is referred to as radiance (L)

7\

The density of light flow per area per incoming direction,

inW m2sr—1s71,

PNV
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Sensors
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Summing it up:

= Light arrives from all light sources on point P;
= The energy flow per unit area, perpendicular to Lis projected on a

surface perpendicular to N. This is irradiance, or: E.
= Exitant light M is scattered over all directions on the hemisphere.
= Light scattered towards the eye arrives at a sensor.
» The sensor detects radiance: light from a specific set of directions.
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Shading

DLUNLYS
efl *E*d
= true;
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jive)
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irvive;

pdf;

v=E * brdf * (dot( N, R ) pdf
3on = true-*

Definition

Shading: the process of using an equation to compute the outgoing radiance
along the view ray V, based on material properties and light sources.

Diffuse or Lambert BRDF also called “N dot L shading”
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Shading
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Lambert shading model
The diffuse shading model is:

Caiff
T

Mdiff — Lﬁgl

This takes into account:

= Projection of the direction of the incoming

light on the normal;
= Absorption due to material color cg;f .

Distance attenuation is represented in L.

Practical implementation:

dist=1ight.pos-fragment.pos;
L=normalize(light.pos-fragment.pos);
N=fragment_normal; // interpolated
radiance=light.color/(dist*dist);
irradiance=radiance*dot(N,L);
M=(material.color / PI)*irradiance;

The reflected energy M is what the camera
will receive via the ray arriving at the
fragment (i.e., the ‘color’ of the fragment).
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Shading

Phong shading model

The Phong shading model combines a diffuse reflection with a
glossy one, and adds an ambient factor.

0 Mphong = Cambient T Cdiff(N ) L)Ldiff + Cspec(V ) R)SLspec
- e The Phong shading model is an ‘empirical model’, and has
1+ et many problems:

* [t doesn’t guarantee that M < E;
s » [t doesn’t take irradiance as input;
e = [trequires many (unnatural) parameters;
That ambient factor...

2.x + radiance.y + radiar -

AXDEPTH)

v = true;

st brdfPdf = EvaluateDiffuse
st3 factor = diffuse * INVP
st weight = Mis2( directPdf , Y
3t cosThetaOut = dot{ N, L {
E * ((weight * cosThetalut

jive)

yt3 brdf = SampleDiffuse( diffuse, N
srvive;

pdf;

v =E * brdf * (dot( N, R ) / pdf); 7/-3-‘\
3on = true-*



INFOGR - Lecture 10 - “Shading Models”

40
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BRDF - Bidirectional Reflectance Distribution Function
Defines the relation between irradiance and radiance.
Or, more accurately:

The BRDF represents the ratio of reflected radiance exiting
along V, to the irradiance incident on the surface from
direction L.

dLreflected (V)
dE incoming (L)

£(LV) =

Note that the BRDF takes two
parameters: an incoming and an

outgoing direction.
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Shading
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rive)
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3on = true

H
v =E * brdf * (dot( N, R ) / pdf);

BRDF - Bidirectional Reflectance Distribution Function

Diffuse BRDF:

ALyefiected (I_/)) _ material color
dE incoming (L) i

fr(LV) =

where Eicoming (Z) is irradiance arriving from the light source,
i.e. light color, times attenuation, times N dot L.

The diffuse BRDF scatters light equally in all directions. V is not
used in the equation. The diffuse BRDF is view independent.

Also note that N and L do not occur in this equation: N dot L is
simply used to convert from radiance to irradiance.

Practical use of the BRDF:

Input for a BRDF is irradiance.

This means that we already have

processed attenuation and N dot L.

The fragment color, using a BRDF
and a point light at distance 7 is

thus:

M = f,,(Z, 17) cos 0;

r2

light color
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BRDF - Bidirectional Reflectance Distribution Function

Phong BRDF:

. v S
fr(L,V . reflected(_)) — color + color Cos am

dE incoming (L)

Where « is the angle between V and R, R is L reflected in N, and m is the Phong exponent.
Note that the division by m is missing; it doesn’t make sense for the specular reflection...

Also note that the ambient color is missing: this factor is constant and does not depend on
irradiance.
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BRDF - Bidirectional Reflectance Distribution Function

BRDFs formalize the interaction of light / surface interaction,

and allow us to do so in a physically correct way.

Games are switching to physically based models rapidly:
= To increase realism;

= To reduce the number of parameters in shaders;

= To have uniform shaders for varying lighting conditions.

More on this in Advanced Graphics!

.0
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Lighting — Analytical Lights

« Sun light
= Units: Illuminance (lux)
» Facing disk with non-null solid angle

“Moving Frostbite to PBR”



http://www.frostbite.com/wp-content/uploads/2014/11/s2014_pbs_frostbite_slides.pdf
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Shading
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Senior Tech Programmer
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http://www.guerrilla-games.com/presentations/Drobot_Lighting_of_Killzone_Shadow_Fall.pdf
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Lighting Conditions

Want same content to look good

“Physically Based Shading in Unity”


http://aras-p.info/texts/files/201403-GDC_UnityPhysicallyBasedShading_notes.pdf
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END of “Shading Models”
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