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Figure 1:

Left: A set of omnidirectional light measurements (Light Probes) with position tracking. Middle: The 4D illumination data structure allows data decimation and fast
ray sampling during image synthesis. Right: Three synthetic objects rendered using captured illumination from a castle in Linköping.

L IGHT P ROBES & I MAGE -BASED L IGHTING
Lighting is one of the most important aspects in the production of
visually interesting and photorealistic renderings. By using lighting measurements from the real world, referred to as light probes,
in combination with physically based material models, a high level
of realism can be achieved. Light probes are measured by capturing
omni-directional images of the environment. This is usually done
by photographing a curved mirror, such that a 360◦ panoramic image of the environment is registered by the camera. In order to
capture the full dynamic range of the illumination in the scene high
dynamic range (HDR) imaging techniques are used.
Traditional HDR imaging methods are based on capturing several
exposures where the exposure settings are varied to cover the full
dynamic range of the scene. Using commercially available camera
systems such multiple exposure methods make it impractical to capture more than a few HDR images in a scene. Therefore, we have
designed a high dynamic range imaging system capable of capturing images with a dynamic range of 1:10,000,000 at 25 frames per
second. Using our HDR video camera we can capture long series

mination measurements, the 4-D data structure and a rendering of
three synthetic objects under captured real world lighting.

I LLUMINANT E XTRACTION
To improve rendering efficiency and allow for artistic editing of
the captured illumination, we extract the high intensity areas in the
scene into source light fields (SLFs). The extracted SLFs are represented separately each in their own 4-D light ray data set. Figure 3
displays a scene with several extracted SLFs represented as planes
in the figure. Since each extracted SLF contains the originally sampled light rays they capture the spatial and angular properties of the
captured real world illuminant. Extraction of the SLFs improves
the rendering efficiency significantly since they can be sampled explicitly during rendering. The SLFs also allows for editing of the
captured illumination. Traditional editing such as translation, rotation and color changes are straight forward. However, since the SLF
contains a sampling of the angular and spatial properties synthetic
aperture techniques can be employed to edit the de-focus properties of a light source, remove blocking objects located in front of
the light source or add synthetic modulation functions in the ray
path.

Figure 2:

Five tone mapped exposures 3 f-stops apart, generated from an HDR
frame, displaying the dynamic range of the scene.

of photometrically correct light samples capturing correct data of
both the sun and indoor scenes simultaneously, see Figure 2. Using such information we can render images with synthetic objects
that move through detailed and changing real world lighting environments. By tracking the position of the light probe as it moves,
the captured lighting data can be used to compute a model of the
flux of light in the scene, an Incident Light Field (ILF). An ILF is
a 4-D data structure located at a surface encompassing the scene,
and is sampled during rendering such that the total flux of light
through any point in the scene can be estimated. This general illumination representation allows for rendering of synthetic objects
illuminated by arbitrarily complex lighting environments. Figure 1
displays (from left to right) a set of tracked omni-directional illu-

Figure 3:

In order to improve rendering efficiency and allow for artistic editing of
captured illumination we extract the important features in the scene. In this case as set
of light sources and windows have been extracted.

