
Decoupling of OF equations for solution of 4D images
with Gauss-Seidel equations
Having applied Euler-Lagrange equations to minimise the error function, one obtains
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Equation 1 can be rearranged to form the following equations

(α2 + E2
x)u + ExEyv + ExEzw = α2ū − ExEt (2)

ExEyu + (α2 + E2
y )v + EyEzw = α2v̄ − EyEt (3)

ExEzu + EyEzv + (α2 + E2
z )w = α2w̄ − EzEt (4)

multiply Equation 2 by Ey and Equation 3 by Ex and subtract to eliminate w:
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Eliminate v from Equations 2 and 4
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Eliminate u from Equations 3 and 4
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Substitute into Equation 4:
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Rearranging gives the Equation 5, expressing velocity component w in terms of
value of α2, partial derivatives of image intensities and average velocities.
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ExEzū + EyEzv̄ + E2

z w̄ + EzEt

(E2
x + E2

y + E2
z + α

2)
(5)

1



Similarly, put u in terms of ū, v̄, w̄

(α2 + E2
x)u + EyExv + EzExw = α2ū − ExEt
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x)u + Ey(Exv̄ + Ey(u − ū)) + Ez(Exw̄ + Ez(u − ū)) = α2ū − ExEt
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Rearranging gives Equation 6, expressing velocity component u in terms of value
of α2, partial derivatives of image intensities and average velocities.
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Equation 7 can be found similarly, expressing velocity component v in terms of
value of α2, partial derivatives of image intensities and average velocities.
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Gauss Seidel equation can be derived by simply updating values of u, v, w with old
estimates of ū, v̄, w̄, producing Equations 8, 9 and 10.
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Similarly,
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