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How can | spy on my neighbors ?

Situation: you want to retrieve the sound somewhere too far to hear.
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$$$, 5k FPS

Two limiting quantities:

/ - Frequency of vibrations / Camera FPS

- = /
N 54 - Amplitude of vibrations / Camera resolution

Typically, ~ 1/100th of a pixel




Measure sub-pixel vibrations

Idea:
vibrations are too minute to “skip” pixels
~ & // but they lead to small intensity variations at the
T object borders
= . . .
"V however, this measure is very noisy (e.g. camera
sensitivity) and is unusable in practice




Measure sub-pixel vibrations

Video: I(a:, Y, t) It can be seen as a 2D spatial signal.

If we take a frame: I(m, y) For a fixed frequency W4 and orientation @, we apply a Gabor filter.

1 22 + 422
gs O(may) == €xXp _G—W : exp(z'wsmg)
’ 2702 D2

where (zg,ys) is the rotated image plane.
Convoluting the image with this filter gives a complex-valued image:

(I * 93,0)(33’ y) - As,O(wa y) exp(i¢s,0(w7 y))

Amplitude: “How much does this periodic pattern appear here?”
Phase: “Where are we located in this pattern?”



Measure sub-pixel vibrations
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Relationship between phase and vibration

By doing the analysis for every frame, we obtain the temporal variation of the phase: ¢(m, v, t)

Locally, for a small temporal displacement, the amplitude varies slowly, but the phase varies
quickly:

Ap(z,t) = ¢(z,t) — ¢(,0) = —w,d(t)

So the phase variation is linearly correlated to the object vibration.

The approach is based on this idea: recover the local phase variation (using a pyramidal filter bank), whichis a
much more reliable, and then recover the object vibration, and thus the audio signal.



Which material is better ?
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Which material is better ?
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Speech reconstruction #CIA
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“Mary had a little lamb, who’s fleece was white as snow and everywhere that Mary went, that lamb
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Examples
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High speed video Sound Recovered
(actual video playing here) From Video



http://www.youtube.com/watch?v=FKXOucXB4a8

Thank you, questions ?



