Back to Roots: Tracking the History of Optical Flow Problem
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This report is structured as follows. One can see from the scheme that there are two clusters of papers:
before Horn-Shunk and after them. So we describe them consequentially.

Novel research

Spatial weighting. In the final variant of their system Sun et al. use spatial weighting scheme in the way
suggested by Ren. Ren has based on Lukas-Kanade method. The idea of spatial weighting could be
traced further to Sand2006, who have combined a classic Horn-Shunk method with a feature tracking
approach introduced by Shi and Tomasi.

Median filtering. Sun2010 refer to median filtering of intermediate flow as a critical component of their
system. Moreover, they introduced a theoretical reasoning behind the median filtering. The idea was
borrowed from Wedel2008 who had developed a global method based on Horn-Shunk approach.

Sun et al. also tried to implement the ideas from Bruhn2005 (Charbonier penalty function and 7-point
approximation of derivative), but it yielded insignificant improvement, that's why the corresponding
line on the scheme is dashed. But the work by Bruhn et al. is interesting itself since they combine local
and global approaches in a single framework.

Mathematical foundations
May be I have understood the phrase about everything newer than Aristotle will count too literally, but

the results are presented. Actually, Horn and Shunk use a lot of mathematics. They tend to refer to the
classical textbook, we tried to find the roots.



First, they use the finite differences to approximate derivatives. Sir Isaac Newton used this
representation too (although Horn and Shunk used 5-point stencil). Although they use Laplace equation
to fill the non-textured regions, which was first formulated and solved by d'Alambert. Another
important branch is variation calculus. The problem of optimization of an integral in most general sense
was first solved by Lagrange though it was posed by Euler. It is important to notice that modern
methods use combinatorial optimization, not variation calculus. Also Horn and Shunk used Gauss-
Seidel method for solving linear system, which is not too old in comparison to variation calculus.

We cannot ignore the psychological background behind the Horn and Shunk work. They refer to
J.J.Gibson who formed the modern view to perception. But in the beginning of his book he refers to the
work of Thomas Reid who separated sense from perception, which became an important scientific
basis behind computer vision. :)
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