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Introduction Source location Results

Power grid dynamics

mj θ̈j + dj θ̇j = Pm,j − Pe,j = Pj −
∑
k

Bjk sin(θj − θk)

J. Machowski, J. W. Bialek, and J. R. Bumby, Power System Dynamics, 2nd ed. (Wiley, Chichester, U.K, 2008).
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Introduction Source location Results

Forced oscillations

https://www.youtube.com/watch?v=1vuxZJitEJg
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Introduction Source location Results

Intuitive (but a bit naive) approach: ...

f = 0.16 [s-1]
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RD, A. Y. Lokhov, M. Tyloo, and M. Vuffray, Phys. Rev. X Energy 2, 023009 (2023).
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Introduction Source location Results

Intuitive (but a bit naive) approach: the Fourier Transform

f = 0.16 [s-1]
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Introduction Source location Results

Using the SALO algorithm

f = 0.16 [s-1]
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Introduction Source location Results

SALO: System-Agnostic Location of Oscillations

Dynamics: Mṗ = Dp+ Bx+ γeℓ cos(2πft + ϕ) + ξ.

Discretized: ∆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.

RD, A. Y. Lokhov, M. Tyloo, and M. Vuffray, Phys. Rev. X Energy 2, 023009 (2023).
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Introduction Source location Results

Synthetic data
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Introduction Source location Results

Multiple or hidden sources
re

sc
al

ed
 lo

g-
lik

el
ih

oo
d

0.5 1.0 1.5 2.0
f

0.00

0.25

0.50

0.75

1.00

re
sc

al
ed

 lo
g-

lik
el

ih
oo

d

0.5 1.0 1.5 2.0
f

0.5 1.0 1.5 2.0
f

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
f

0.0

0.2

0.4

0.6

0.8

1.0

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
f

f = 2.40 [s-1] f = 2.40 [s-1] f = 0.96 [s-1]

8 / 11



Introduction Source location Results

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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Introduction Source location Results

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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Introduction Source location Results

Refinements to SALO

▶ Relaxation of the amplitude vector:

SALO-relax: argmin
A,γ,k,ϕ

T−1∑
j=0

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

▶ Use of prior information.

Thank you!

robin.delabays@hevs.ch www.DelabaysRobin.site
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Opimization landscape
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Complex cases

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
f

0.0

0.2

0.4

0.6

0.8

1.0

re
sc

a
le

d
 

lo
g

-l
ik

e
lih

o
o
d

f = 2.40 [s-1]

f = 0.96 [s-1]

2 / 5



Complex cases

0.0

0.2

0.4

0.6

0.8

1.0

re
sc

a
le

d
 l
o
g

-l
ik

e
lih

o
o
d

0.0

0.2

0.4

0.6

0.8

1.0

re
sc

a
le

d
 a

m
p

lit
u
d

e

0.0

0.2

0.4

0.6

0.8

1.0
re

sc
a
le

d
 l
o
g

-l
ik

e
lih

o
o
d

0.0

0.2

0.4

0.6

0.8

1.0

re
sc

a
le

d
 a

m
p

lit
u
d

e

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
f

0.0

0.2

0.4

0.6

0.8

1.0

re
sc

a
le

d
 l
o
g

-l
ik

e
lih

o
o
d

5 10 15 20
node index

0.0

0.2

0.4

0.6

0.8

1.0

re
sc

a
le

d
 a

m
p

lit
u
d

e

f = 2.40 [s-1]

f = 0.96 [s-1]

f = 0.96 [s-1]

f = 2.40 [s-1]

f = 2.40 [s-1]

b ca

d f

ig

e

h

3 / 5



Informed SALO

A unknown

A known
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Informed SALO-relax
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