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Incident Light Fields

Real-time rendering

Within this project, we have developed Image Based
Lighting (IBL) methods for capture and rendering with
spatially varying illumination. For this we capture
sequences (thousands) of High Dynamic Range (HDR)
light probe images in the scene, see Fig. 1 (left), using an
HDR video imaging system that we have developed.

In order to achieve real-time lighting of synthetic
geometry using the sampled light, Fig. 2, we have
developed a method for resampling a large set of
HDR light probes to a grid of spherical harmonics.
The algorithm works as follows:
1.) Generate rays corresponding to the radiance
samples in the light probes
2.) Send the rays through a grid enclosing the measured volume, deploying light information at the grid
points the rays pass
3.) Project the radiance samples to spherical harmonics
Spherical harmonics are a set of basis functions
defined on the unit sphere which allows for extremely
compact and efficient representation of light. The
resulting grids of spherical harmonics have a small
memory footprint and can be sampled and used to
light geometry at true real-time frame-rates.

Figure 2: Real-time rendering using captured real
world illumination.
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Figure 1: The captured radiance samples (left) are used to compute
a volumetric representation (right).

At each spatial sample point, a panoramic image covering the dynamic range of the scene is captured. Each
pixel in each image in a sequence is a radiance sample
observed in a certain direction from a certain location.
Assuming that the capture region is free from internal
occlusion this is a 4D space. We call such radiance data
set an Incident Light Field (ILF).
To allow for efficient interaction and real-time rendering
of captured scenes, we compute a volumetric representation of captured scene radiance, see Fig. 1 (right). This
is carried our by re-projection of the radiance samples
through the volume, such that measures suitable for
visualization and rendering can be reconstructed at each
voxel. For real-time rendering we resample the input
radiance samples to a grid of spherical harmonics. For
visualization and interaction purposes, we compute
measures such as partial density of radiation and its
gradient magnitude and variance in radiance value.

Figure 3: Scene visualization using (left) cut planes and
(right) direct volume rendering.

Figure 4: 2D ILF surfaces in scene (left) and synthetic
objects (right).

Figure 5: Photo-realistic renderings in Linköping castle

Visualization and photo-realistic rendering
Using the volumetric representation, we have developed visualization and interaction methods, Fig. 3,
that allows for placement of 2D ILF surfaces in the
scene and the extraction of light sources, Fig. 4 (left).
The radiance samples captured in the scene are then
re-projected to these surfaces. At each ILF surface,
the scene radiance distribution can then be efficiently
described as a 4D function.
Synthetic objects can then be placed in the scene,
Fig. 4 (right), and the radiance contribution at each
surface point can be reconstructed from the ILF
representation.
By sampling the ILF data structure and simulating the
interaction between radiance and physically based
surface models, synthetic objects can be placed into
the real scene with photo-realistic result, Fig. 5.

