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Practical details

• Assignment 1 due April 24
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Ray Tracing
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Basic Shading
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Basic Shading

• Diffuse shading

• Shadow rays

• Floating point issues

• Specular reflection

• Refraction

• Fresnel term

• A full illumination model
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Basic Shading
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Basic Shading

n
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Basic Shading

n

How much light illuminates the triangle?
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Basic Shading

n

r

E =
Φ(~n ·~l)

4πr2

CSE168: Rendering Algorithms Henrik Wann Jensen

Direct Illumination

E =
Φ(~n ·~l)

4πr2
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The BRDF

BRDF: fr(x, ~ω, ~ω′) = dL(x,~ω)
dE(x,~ω′)
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Basic Physics

L = Radiance
E = Irradiance

• A ray transports radiance L

• A light source illuminates an object with irradian-
ce E
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Diffuse Shading

Ld(x, ~ω) = Rd ∗ E
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Diffuse Shading

Ld(x, ~ω) = Rd ∗ E
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Shadows
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Shadows

Only accept intersections if t > ǫ , ǫ ≈ 0.0001.
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Shadows
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Everything is Diffuse

Arnold Rendering
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Everything is Diffuse!

Arnold Rendering
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Everything is Diffuse!

Arnold Rendering

CSE168: Rendering Algorithms Henrik Wann Jensen

Specular Reflection

Ls(x, ~ω) = Rs ∗ Li(x, ~ωr)

~ωr = −2(~ω · ~n)~n + ~ω
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Specular Reflection
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Specular Refraction
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Specular Refraction
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Snell's Law
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η1 sin θ1 = η2 sin θ2
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The Index of Refraction

Some values for η:

Vacuum 1.00000
Air at STP 1.00029
Ice 1.31
Water 1.33
Crown glass 1.52 - 1.65
Diamond 2.417
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Specular Refraction
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~ωt = −
η1
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(~ω−(~ω ·~n)~n)−
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Specular Refraction
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Rainbows

Rainbow caused by refraction through waterdrops
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Ray Tracing a Waterdrop

Analysis of refraction in a waterdrop by Descartes ˜1650
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An Illumination Model

L = Rd ∗ E + Rs ∗ Ls + Rt ∗ Lt
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An Illumination Model
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Marble Spheres
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Simulating Highlights

L = Rs ∗
(~ωs ·~l)

n

(~n ·~l)
∗ E
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Simulating Highlights
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An Illumination Model

L = Rd ∗ (~n ·~l) ∗E + Rs ∗
(~ωs ·~l)

n

(~n ·~l)
∗E + Rs ∗Ls + Rt ∗Lt
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Three Spheres
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Direct Illumination

What happens when there are two lights in the
scene?
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One Light
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Two Lights

CSE168: Rendering Algorithms Henrik Wann Jensen

An Illumination Model

L =

Nl
∑

l

(

Rd ∗ El + Rs ∗
(~ωs ·~l)

n

(~n ·~l)
∗ El

)

+Rs ∗ Ls + Rt ∗ Lt
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An Illumination Model

Still something missing?
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Ambient Term

CSE168: Rendering Algorithms Henrik Wann Jensen

Ambient Term

L =

Nl
∑

l

(

Rd ∗ El + Rs ∗
(~ωs ·~l)

n

(~n ·~l)
∗ El

)

+Rs ∗ Ls + Rt ∗ Lt + Rd ∗ EA
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Ambient Term
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Global Illumination
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Tone Mapping
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Energy Balance

L = Reflected + Transmitted + Absorbed

Rd ≥ 0 , Rs ≥ 0 , Rt ≥ 0

Rd + Rs + Rt ≤ 1
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A Glass Sphere
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Fresnel Reflection
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How much light is reflected and refracted ??
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Fresnel Reflection

ρ‖ =
η2 cos θ1 − η1 cos θ2

η2 cos θ1 + η1 cos θ2

ρ⊥ =
η1 cos θ1 − η2 cos θ2

η1 cos θ1 + η2 cos θ2

Fr(θ) =
1

2

(

ρ2
‖ + ρ2

⊥

)

=
dΦr

dΦi
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No Fresnel Reflection
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Fresnel Reflection
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Fresnel Reflection

Fr(θ) ≈ F0 + (1 − F0)(1 − cos θ)5
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Illumination Model

L =

Nl
∑

l

((

Rd + Rs ∗
(~ωs ·~l)

n

(~n ·~l)

)

∗
Φ(~n ·~l)

4πr2

)

+Rd ∗ EA + Rs ∗ Ls + Rt ∗ Lt
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Torrance-Sparrow Model

fr =
FGP (ωf)

4 cos θi cos θr

S(V ) =
2(N · H)(N · V )

H · V

G = min{ 1, S(E), S(L) }
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Teapot Series
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Teapot Series
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Teapot Series
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Teapot Series
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Next time

Acceleration structures
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