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Aside: Lagrangian and Eulerian Perspectives in 
Fluid Dynamics

Lagrangian Eulerian
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Eulerian Perspective: Videos

• Each pixel is processed independently

• Treat each pixel as a time series and 
apply signal processing to it
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Method Overview
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Subtle Color Variations

• The face gets slightly redder when blood flows

• Unfortunately usually below the per pixel 
noise level

Input frame Luminance trace (zero 

mean)
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Subtle Color Variations

1.  Average spatially to overcome sensor and 
quantization noise

Input frame

Spatially averaged luminance trace

Luminance trace (zero 

mean)pulses
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Amplifying Subtle Color Variations

2.  Filter temporally to extract the signal of 
interest

Temporally bandpassed trace

⊗

Temporal filter

=

Spatially averaged luminance trace
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Why It Amplifies Motion
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Relating Temporal and Spatial Changes
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𝐵(𝑥, 𝑡)

Implied

Translation

𝟏 + 𝜶 𝜹

(1 + 𝑎)𝐵(𝑥, 𝑡)

𝟏 + 𝜶 𝑩 𝒙, 𝒕 ≈ 𝟏 + 𝜶 𝜹(𝒕)𝑰′ 𝒙, 𝒕
(1st order Taylor expansion)

𝐼’(𝑥, 𝑡)

𝑩 𝒙, 𝒕 ≈ 𝜹(𝒕)𝑰′ 𝒙, 𝒕
(1st order Taylor expansion)


