
Ergodic control (SMC) in 1 D
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Notation and reference
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https://rcfs.ch

[Calinon, S. (2019). Mixture Models for the Analysis, Edition, and Synthesis 
of Continuous Time Series. Mixture Models and Applications, Springer]



Superposition with basis functions
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Fourier series

Radial basis functions

Bernstein polynomials



Ergodic control in 1 D
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Fourier series: Symmetry property
5



Fourier series: Symmetry property
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Fourier series: Gaussian property
7



Fourier series: Gaussian property
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…



Fourier series: Sum property
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Fourier series: Sum property
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Ergodic control (SMC) in 2 D
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Ergodic control in 2 D
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Ergodic control in 2 D
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Gaussian property
Symmetry property
Shift property
Combination property

Discretization

Generating a symmetric 
signal in 1D



Ergodic control in 2 D
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https://ergodiccontrol.github.io/sandbox.html
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https://ergodiccontrol.github.io/sandbox3d.html



Ergodic control (SMC) in 6 D
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Ergodic control for more than 3 dimensions
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…



Separation of variables: a factorization problem
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Matrix factorization with
standard linear algebra: 

(singular value decomposition)

Rank-1 decomposition:

→ Representation in a separable form

Rank-R decomposition:

(in matrix form)

Extension to data with more indices (tensors):

(CP decomposition)



Data structured as tensors
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Matrix factorization with
standard linear algebra: 
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Ergodic exploration (Spectral Multiscale Coverage)
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





Curse of Dimensionality 
Storage & Computation         



Control Command:

Weight Tensor:

Basis Function Gradient:

Fourier Coefficients:





Using Tensor Train (TT)





Ergodic control 
can scale!



Computation time (for K=5)
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Time taken to compute Fourier series coefficients Time taken to compute control commands


