
VIDEO

Old Movie Demos New Tech
Using an old film as input, researchers demonstrate an algorithm that
rapidly determines the positions of thousands of particles whose
light-scattering produces an image or other desired output.

By David Ehrenstein

S pecial coatings containing a disordered arrangement
of particles can produce colors and patterns in light
scattered from the particles. A research team has now

developed an algorithm that can rapidly determine an optimum
arrangement of particles for a desired output [1]. The team
demonstrated the algorithm on a famous 1896 movie—an
important film in the early history of cinema. For each frame of
the movie, the algorithm determined the appropriate positions
of 300,000 particles in a 2D plane. The researchers showed that

Sending light through a collection of particles generates an
intensity pattern determined by the positions of the particles. A
new algorithm speeds up the process of working backward from
the intensity pattern to the particle positions. Here, it determined
the evolving positions of 300,000 particles (left and right;
zoomed-in region in inset) needed to generate the famous 1896
film L’arrivée d’un train en gare de La Ciotat (The Arrival of a Train at
La Ciotat Station). The inverted version of the movie appears
automatically because the algorithm always generates a
centrosymmetric pattern.
Credit: A. Shih et al. [1]

the combined scattering of these particles produced the
complex shapes and grayscale colors in the film. The new
technique could potentially lead to new coating designs with
novel and practical light-scattering properties.

A periodic arrangement of particles as in a crystal scatters light
in a uniformway that produces an ordered pattern of spots on a
screen. By contrast, a nonperiodic arrangement can produce a
much wider range of scattering patterns. For example, many
researchers have generated 3D configurations that are opaque
to a range of frequencies of light, regardless of the propagation
direction, a property that could be used in coatings. But
working backward from such desired properties to the
positions of particles is computationally challenging and slow,
so researchers haven’t yet done so for structures larger than
100 particles across.

Now Aaron Shih, Mathias Casiulis, and Stefano Martiniani of
New York University have developed Fast Reciprocal-Space
Correlator (FReSCo). “Our algorithm can optimize structures
with billions of elements on a single CPU node within hours,”
Casiulis says. This fast processing could allow researchers to
design coatings and other surfaces that scatter light in any
arbitrary pattern. The old movie demo shows that it works for a
complex light pattern that changes with time.

Another application could be image rendering for video games
and animated films. Casiulis explains that the 3D accuracy of
such computer graphics depends crucially on the choice of
sample points—locations in the plane of the virtual camera at
which the graphics software calculates the net light intensity.
He says FReSCo ought to be able to optimize the choices for
these points—and do somore rapidly than current techniques.
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Hidden order. Four additional examples show the algorithm’s
ability to arrange particles (small subsets shown on the left for each
of four cases) that can scatter light to produce specified intensity
patterns (right in each case). These examples involved 5× 107

particles.
Credit: A. Shih et al. [1]
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