Whitening filters
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Figure 1: Example of a Laplacian filter (G (6) = |0|2) design. The designed filter is comprised of the frequency squared
response (for 6 < %77) and the complementary response (6 > %w), to satisfy the symmetry condition (G (7) = 0). The
discrepancy between the designed and desired responses is caused by the small filter order. The resulting filter [(b)] is similar
to the Laplacian used in [1]] (dashed red).

SUPPLEMENTARY: WHITENING FILTER DESIGN

In [1l], a 9-tap square root of a Lag)lacian filter is used to whiten the signal. This Laplacian has an approximated frequency
response squared proportional to |w|” for a 1D frequency w. It is therefore suitable as a model of natural images (|w|72). In
our case, we estimate the exponent as a floating-point number and therefore require a more refined method of whitening filter
design.

The desired response of the filter is designed as follows. Given «, an estimated exponent, the whitening filter is

G (w) = |w]*?. (1)

This is due to the fact that
Ty =11 xh = Sy, (w) = Sx, ()]G W)[?,

and to perform whitening of z; with Px, (w) «x w™?, the filter itself should have a frequency response with an exponent a/2.
There exist several alternatives for designing such a filter. We choose the filter to be as similar as possible to a Laplacian,
specifically: anti-symmetrical, with compact support and odd-valued. We thus choose a Type III linear-phase FIR filter.

To create a Type III filter, its periodicity should be taken into account; it should satisfy G (0) = G (7) = 0. Therefore,
instead of using directly, we design the desired response for the range 6, € [0, %7‘(‘] and complete the response in the range
0> € (37, 7) via a first order polynomial, p (f) so that the response is continuous and G () = 0. The filter is then designed
with the same length as in [1] (9-tap) with standard least-squares FIR filter design methods. We note that using Type IIT FIR
filters we can reconstruct almost exactly the Laplacian filter used in [[I] when designing a filter with desired exponent ov = 2

(Fig. [I).
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