
Summary

This sketch describes the computer graphics techniques
used to render the out-of-focus areas of a picture. We
propose a simple, phenomenological model that provides
control to the artist and achieves a realistic look.

Abstract

“Bokeh” is a Japanese word used to describe the quality
of the out-of-focus areas as rendered on film by a
physical lens. In areas that are out of focus, the circle of
confusion (i.e., the distribution of light absorbed onto
film from a single point of light in the scene) is bigger
than in areas that are focused. Different lenses distribute
light within the circle of confusion differently, depending
on a number of factors, like the shape and number of
diaphragm blades and the optical design of the lens itself.
For example, lenses that are designed to correct for
optical aberrations tend to render a circle of confusion
that is more intense on the edges and slightly less so in
the center. Other lenses, like the so called “mirror”
lenses, which include reflective elements besides
refractive ones, typically produce donut-shaped circles of
confusion since some of the light paths are cut from the
center by the reflective element.

Moreover, in a real lens, the circle of confusion
sometimes becomes elliptical on the areas outside of the
center of the image, with the shorter axis of the ellipsis
oriented radially from it.

Standard rendering techniques model depth of field using
point sampling techniques which converge toward a
bokeh model with uniform density across the circle of
confusion. This represents an idealized lens that does not
exist in reality. Real lenses have non-uniform bokeh
distributions. For example, a smooth, or “creamy” lens
will have a Gaussian distribution across the circle of
confusion. Real lenses may have different distributions at
different points on the film plane.

Our technique allows the animator to specify an arbitrary
probability density function to represent the distribution
of intensity within the circle of confusion. The
probability curve is used by the renderer to jitter the
location of the sample point on the lens. For example, if
the density function is a Gaussian, more samples will be
taken towards the center of the lens than at the edges.
Conversely, for a density function that simulates a mirror
lens, fewer samples are taken near the center of the lens
because the mirror blocks light as it moves through the
lens. By generating enough sample points, the model
converges on the true bokeh density function.

We will also show the effect of specifying two shapes for
the light distribution, one for close and the other for far
focused areas, and the deformation of the circle of
confusion so it becomes elliptical on the edges of the
image.

Future work includes the specification of the diaphragm
shape, and the possible implementation of this technique
as a particle renderer, which would provide efficient
sampling at a much lower cost.

Additional work to add support for stratified sampling is
also possible.

Image 1: Four versions of the same scene. a) is in focus. In b)
objects are out of focus, using a Gaussian probability function.
In c) the function used is a rectangular step, and in d) it is an
inverted triangle. A typical modern photographic lens renders
bokeh as something between c) and d)
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