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VECTOR FIELDS

 Vector fields come from numerical simulations or experimental measurements

 Represented by large data sets

 Vector field is described as

 𝒗 𝒙, 𝑡 = 𝑣𝑥 𝒙, 𝑡 , 𝑣𝑦 𝒙, 𝑡
𝑇

or 𝒗 𝒙, 𝑡 = 𝑣𝑥 𝒙, 𝑡 , 𝑣𝑦 𝒙, 𝑡 , 𝑣𝑧(𝒙, 𝑡)
𝑇

 Critical point (𝒙0)


𝑑𝒙

𝑑𝑡
= 𝒗 𝒙 = 𝟎, i.e. all components are zero


𝑑𝒙𝜺

𝑑𝑡
≠ 𝟎, ∀𝒙𝜺: 𝒙𝜺 − 𝒙0 < 𝜺

 Linearization of vector field around a critical point (Taylor expansion)

 𝒗 𝒙 ≈ 𝒗 𝒙0 +
𝝏𝒗

𝝏𝒙
𝒙 − 𝒙0 

𝑣𝑥
𝑣𝑦

=

𝜕𝑣𝑥

𝜕𝑥

𝜕𝑣𝑥

𝜕𝑦

𝜕𝑣𝑦

𝜕𝑥

𝜕𝑣𝑦

𝜕𝑦

𝑥 − 𝑥0
𝑦 − 𝑦0

 𝒗 = 𝑱 ∙ 𝒙 − 𝒙0

 𝑱 is Jacobian matrix
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VECTOR FIELDS

 Jacobian matrix

 Describes vector field around critical point 𝒙0

 Eigen vectors represent main directions of the flow

 Eigen numbers

 Sign defines the direction (sink / source)

 Imaginary part defines rotation
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RADIAL BASIS FUNCTIONS (RBF)

 Mesh-less technique for interpolation/approximation

 Formula of RBF: 𝑓 𝒙 =
𝑗=1

𝑀

𝜆𝑗𝜑 𝒙 − 𝝃𝑗  𝑨𝝀 = 𝒇

 𝑀 is number of radial basis functions

 𝜆𝑗 are weights

 𝜑 𝑟 is radial basis function (local / global)

 Approximation of vector field with RBF

 𝒗 𝒙 = 𝑣𝑥 𝒙 ,𝑣𝑦 𝒙 , 𝑣𝑧 𝒙 =
𝑗=1

𝑀

𝝀𝑗𝜑 𝒙 − 𝝃𝑗  𝑨𝝀 = 𝒗

 𝒗 𝒙 is vector

 𝝀𝑗 = 𝜆𝑗
(𝑥)
, 𝜆𝑗
(𝑦)
, 𝜆𝑗
(𝑧)

is vector
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RADIAL BASIS FUNCTION
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Global RBF Local RBF



VECTOR FIELD APPROXIMATION – REDUCTION OF CRITICAL POINTS

 For visualization purposes, some critical points are less important than other

 Important critical points define global character of vector field

 Less important critical points define only local character of the vector field

 Use of Lagrange multipliers to maintain important critical points 

21. 04. 2023VECTOR FIELD COMPRESSION USING RADIAL BASIS FUNCTIONS 6



VECTOR FIELD APPROXIMATION – REDUCTION OF CRITICAL POINTS
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VECTOR FIELD APPROXIMATION – REDUCTION OF CRITICAL POINTS
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VECTOR FIELD APPROXIMATION

 Centers of radial basis functions at extremes of 𝑣𝑥 and 𝑣𝑦

 Used RBF has elliptical shape

 Standardly has RBF circular shape

 It describes local shape of approximated data more precisely

 Elliptical shape is computed from segmented vector field with Principal component analysis (PCA)
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Compression algorithm Approximation error

Proposed RBF approximation 0.36 𝑚𝑠−1

Koch’s algorithm 0.41 𝑚𝑠−1

Standard RBF approximation 0.48 𝑚𝑠−1



VECTOR FIELD APPROXIMATION
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VECTOR FIELD APPROXIMATION
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