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that this method implicitly estimates the position xkþ1 by
yk. The naive method performs well at high SNR (≫ 1) but
poorly at low SNR (≪ 1), where a unidirectional ratchet
(implemented via the Heaviside function) often responds to
noise rather than actual bead movements.

In the second “filtering” approach, we improve the
estimate of xkþ1 by using a Fokker-Planck equation to
predict the position probability pðxkþ1Þ given pðxkÞ, which
is itself calculated from measurements up to yk−1. One then
updates (or “corrects”) the prediction for time k þ 1
by incorporating the measurement yk, using Bayes’ rule
[[28] Sec. III]. For systems evolving according to linear
dynamics and subject to Gaussian noise, pðxkÞ remains
Gaussian for all k (if pðx00.5001 255.4582 587.3951 Tm
(Þ)Tj
s3bje 1(the)-574.8(second)]TJ
/F5 1TJ
/Fs5.458628emains
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