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Motivation
Volume Rendering in Met.3D
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Motivation
Lighting

Effects of lighting
often serve as visual cues.
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Beer’s Law
Transmittance through a Medium

Tr(x0 ↔ x) = e−τ(x0↔x)

τ (x0 ↔ x) =
∫ x

x0

κt(y)dy
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Beer’s Law
Transmittance through a Medium

Tr(x0 ↔ x) = e−τ(x0↔x)

τ (x0 ↔ x) =
∫ x

x0

κt(y)︸︷︷︸
input from cloud data

dy
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Extinction Coefficient
from Input Data

κ

Arbitrary Variable

TransferFunction
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Beer’s Law
Transmittance through a Medium

Tr(x0 ↔ x) = e−τ(x0↔x)

τ (x0 ↔ x) =
∫ x

x0

κt(y) dy︸︷︷︸
awareness of length units necessary!
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Scaling Options
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Lighting

Simple Photon
Mapping
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Simple
Method
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Simple
Method

I Direct Illumination through Single Scattering

Tr(x0 ↔ x) = e−τ(x0↔x)

I Silver Lining

pHG(θ, g) =
1−g2

4π(1+g2−2g cos θ)1.5

I Powder Effect

Powder(x0 ↔ x) = 1− e−powderDepth∗τ(x0↔x) ∗ powderStrength
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Photo by Staff Sgt. Stephany Richards U.S. Department of Defense Current Photos
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Method
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I Silver Lining pHG(θ, g) =
1−g2

4π(1+g2−2g cos θ)1.5

I Powder Effect Powder(x0 ↔ x) = 1− e−powderDepth∗τ(x0↔x) ∗ powderStrength

Li(x→ ~ω) =
1
κs

Tr(x0 ↔ x)Powder(x0 ↔ x)pHG(~ωl → ~ω, g)
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Simple
Implementation

Lighting Pass

Optical Thickness Buffer
(3D Texture, GL_R32F)

Rendering Pass

Final Image
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Simple
Results

powder strength = 1.0, powder depth = 100.0
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Simple
Results

powder strength = 0.0, powder depth = 100.0
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Simple
Results

powder strength = 1.0, powder depth = 10.0
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Simple
Results

powder strength = 1.0, powder depth = 100.0, g = 0.7
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Lighting

Simple Photon
Mapping
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Photon Mapping
Photon Points
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Photon Mapping
Photon Beams
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Photon Mapping
Regular Grid Photon Map
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Photon Mapping
Woodcock Tracking

virtual scattering event
real scattering event
photon storing
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Photon Mapping
Implementation

Photon Pass

Photon Count
(3D Texture, GL_R32UI)

Photon Flux
(3D Texture, GL_R32UI)

Photon Cosine
(3D Texture, GL_R32I)

Accumulate Pass

Photon Map
(3D Texture, GL_RG32F)

Rendering Pass

Final Image
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Photon Mapping
Results

Video
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Photon Mapping
Results
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Photon Mapping
Results
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Photon Mapping
Comparison with MFASIS
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Future Work

I Upsampling of Photon Map

I Empty Space Skipping
I Continuous Photon Map Generation
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Summary

I Input Data
I Arbitrary Variable + Transfer Function
I Liquid/Ice Water Content Parameterization

I Lighting Methods
I Simple

I Visuals Based
I Only Single Scattering

I Photon Mapping
I More Physically Accurate
I Multiple Scattering

I Results
I Visualization of Volumes with user-defined Scaling and Lighting for Visual Cues
I Rendering of Cloud Data with an Approximation of real Lighting
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