Automated Acquisition and Real-time Rendering of Spatially Varying Optical Material Behavior
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Problem
Photorealism in 3D rendering is expanding across
different ﬁelds of applications, including 3D games
industry and rapid prototyping in many domains already in
early design stages, e.g. in the automotive and textile
industry. But where do the speciﬁcations come from that
deﬁne realistic materials? Manual design of material
models has been perfected over a long time to deliver
quite good results. The only way, however, to bring out the
physically correct light interaction behavior for each
individual (or mixture of different) material(s) on a surface,
is actual measurement under systematic illumination
from a set of different perspectives to reveal the actual
optical reaction. One reason to go this far is material
behavior faithful to reality, and individual rather than
deﬁning abstract classes of materials. Another reason is
damage assessment, e.g. for industrial quality control.

Related Work & Motivation
In the initial idea [Kautz et al. 2004], a ﬁxed quarter arc
equipped with equidistantly spaced LED light sources was
used to illuminate a sample and capture its response from
a camera vertically above.
This approach was extended and entirely automated to
produce results within minutes [Santos et al. 2010].
Rendering already produced realistic impressions under the
assumption of isotropy (invariance of material behavior to
rotation around the sample surface normal). However, it is
exactly anisotropic materials that show especially
compelling material-speciﬁc effects.
Our approach breaks this limitation entirely by introducing
a rotary. The combinatory set deﬁned by 20 equiangularly
positioned high power LEDs on a quarter light arc,
combined with a number of rotary turns to speciﬁc angles,
constitutes a virtual hemisphere of illumination.
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Followed by a user-deﬁned
selection of the region of interest on
the sample surface, the acquisition
process is entirely automatic...

Capturing:
 Capture image set 𝐼 for virtual light hemisphere
• For each lighting situation 𝐿𝐼𝜃 ,𝑅𝜙 :

𝐼=

�

∀𝐼𝜃 ⨂∀𝑅𝜙

𝐶𝑎𝑝𝑡𝑢𝑟𝑒(𝐿𝐼𝜃,𝑅𝜙 )

...and results in a 4D texture that is passed to the renderer and
accessed by the shader during rendering. ABTFs are basically
textures with dimension 4 and thus can be mapped on
arbitrary 3D models that have texture coordinates.

• 𝐼𝜃 : Incident light angle (reverse elevation)
• 𝑅𝜙 : Rotary angle (azimuth around Surface normal)
 Back-rotate 𝐼
 Crop 𝐼 to user-defined region of interest
 Write into ABTF file: 4D-Texture T� = [𝑅𝜙 ⨂𝐼𝜃 ⨂𝑈⨂𝑉]
Rendering (for each pixel):
 Decompose vector to virtual light source:
• 𝜃 : Incident light angle (reverse elevation)
• 𝜙 : Rotary angle (azimuth around Surface normal)
 Map 𝜃 and 𝜙 to nearest lighting situation 𝐿′𝐼𝜃,𝑅𝜙 in T�
• Interpolate available neighboring lighting situations
 Shade current pixel using
• 𝑈, 𝑉 : Texture coordinates (available to shader)
• 𝐿′𝐼𝜃,𝑅𝜙 : Texture lookup into T� (bi-linear interpolation)

Results & Comparison to conventional texturing
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ABTF material models are more than BRDFs2, as they capture the spatially varying material behavior of a sample, which is achieved by capturing using a
matrix sensor, giving every single pixel its own life, independent of its neighbors. The ‘A’ (Approximate) indicates that there is one abstraction, which taxonomically places the ABTF under the BTF3: There is only one camera,
straight above the sample. Most material-speciﬁc behavior can already
be reproduced thanks to the hemispherical illumination, while the abstraction allows for realistic rendering and interactivity in real-time.

Technical Approach
We created a fully automatic system for acquisition of
spatially varying optical material behavior of real
object surfaces under a hemisphere of individual incident
light directions. The resulting measured material model is
ﬂexibly applicable to arbitrary 3D model geometries,
can be photorealistically rendered and interacted with
in real-time and is not constrained to isotropic materials.
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