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Disclaimer

https://xkcd.com/435/

V. Sekara et al., PNAS 115 (2018), https://doi.org/10.1073/pnas.1800471115
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Sustained and forced oscillations

▶ Underdamped eigenmodes, ▶ Malfunctioning device.

https://www.youtube.com/watch?v=1vuxZJitEJg
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Model and assumptions

Voltage dynamics:

θ̇i = ωi ,

mi ω̇i = −diωi +
∑
j

ViVj (Bij sin(θi − θj) + Gij cos(θi − θj)) .

▶ Steady state operation;
▶ Forced oscillations:

▶ Sufficiently low amplitude;
▶ Sufficiently low frequency.
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SALO: System-Agnostic Location of Oscillations

Dynamics: Mω̇ = Dω + Bx+ γeℓ cos(2πft + ϕ) + ξ.

Discretized: Xtj = (xtj ,ωtj ) and ∆tj = (Xtj+1 − Xtj )/τ ,

∆tj ≈ AXtj + γeℓ cos(2πktj/T + ϕ) + ξj .

Least square error:

SALO: argmin
A,γ,k,ℓ,ϕ

T−1∑
j=0

∥∥∆tj − AXtj − γeℓ cos(2πktj/T + ϕ)
∥∥2 .

... and a bit of work.
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Opimization landscape
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Using the System-Agnostic Location of Oscillations (SALO) algorithm
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Synthetic data
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Multiple or hidden sources
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Multiple and hidden sources
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Other disturbances
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Prior information

Curiosity: The inferred matrix Â has nothing to do with the actual system.

A unknown
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SALO-relax

Relaxation of the amplitude vector:

SALO: argmin
A,γ,k,ℓ,ϕ

T−1∑
j=0

∥∥∆tj − AXtj − γeℓ cos(2πktj/T + ϕ)
∥∥2 .

SALO-relax: argmin
A,γ,k,ϕ

T−1∑
j=0

∥∥∆tj − AXtj − γ cos(2πktj/T + ϕ)
∥∥2 .

▶ Gain in computation time;

▶ Less parallelizable.
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SALO-relax (bis)
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SALO-relax: Complex cases
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Informed SALO-relax
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Measurement data
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M. Escobar, D. Bienstock, and M. Chertkov, in Proc. of the IEEE PowerTech (IEEE, Milano, Italy, 2019).
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Measurement data (bis)
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The University of Tennessee, Knoxville FNET Server Web Display, https://fnetpublic.utk.edu, accessed: 2022-11-6.
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The elephant in the room...

Measurements + Ground Truth

Thank you!

robin.delabays@hevs.ch www.DelabaysRobin.site
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Least square error

LSALO(A, γ, ℓ, k | {Xtj})

= Tr(A⊤AΣ0)− 2Tr(AΣ1)−
γ2

2
− 2γ√

N

√
Tr(A⊤

l ,.Al ,.F (k))− 2fl(k)Al ,. + gl(k)

Σ0 =
1

N

N−1∑
j=0

XtjX
⊤
tj

Σ1 =
1

N

N−1∑
j=0

Xtj∆
⊤
tj
.
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