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Data-based diagnosis of networked dynamical systems
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Data-based diagnosis of networked dynamical systems

Mathematics, physics, control theory, power systems, machine learning.

 https://us02web.zoom.us/j/82853421277 
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Locating line and node disturbances in networks of
diffusively coupled dynamical agents

Melvyn Tyloo

CCS 2021
Data-based diagnosis of networked dynamical systems

website: melvyntyloo.com

melvyn.tyloo@gmail.com

R. Delabays, L. Pagnier, MT, New Journal of Physics 23 (4), 043037 (2021)
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Large-scale coupled system
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Large-scale coupled system

Faults on lines or nodes.

R. Delabays, L. Pagnier, MT, New Journal of Physics 23 (4), 043037 (2021)
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Large-scale coupled system

Faults on lines or nodes.

Lines less investigated:
-Soltan et al. IEEE TCNS
-Coletta et al. IEEE TCNS
- Schaub et al. Network Science
- Delabays et al. Chaos

R. Delabays, L. Pagnier, MT, New Journal of Physics 23 (4), 043037 (2021)
Melvyn Tyloo (melvyntyloo.com) CCS 2021 melvyn.tyloo@gmail.com 7 / 23

https://www.melvyntyloo.com/


Large-scale coupled system: fault detection
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Large-scale coupled system: fault detection
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Diffusively Coupled Systems on Complex Networks

Coupled oscillators:

mi ẍi + di ẋi = ωi −
∑
j

aij f (xi − xj) , i = 1, ..., n.

aij = aji ≥ 0 .
Steady-state solutions: Synchronous state {x0i } such that:

ωi =
∑
j

aij f (x0i − x0j ) , i = 1, ..., n.

Not too heterogeneous:

ωi =
∑
j

aij f
′(x0)(x0i − x0j ) , i = 1, ..., n.

→ ω = Lx0 , i = 1, ..., n.
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Diffusively Coupled Agents on Complex Networks

Coupled oscillators:

mi ẍi + di ẋi = ωi −
∑
j

aij sin(xi − xj) , i = 1, ..., n.

aij = aji ≥ 0 .
Steady-state solutions: Synchronous state {x0i } such that:

ωi =
∑
j

aij f (x0i − x0) , i = 1, ..., n.

Perturbations:

at nodes ωi = ω0
i + ξn(t) ,

on lines aij(t) = a0ij + ξl(t) .
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Diffusively Coupled Agents on Complex Networks

Coupled oscillators:

mi ẍi + di ẋi = ωi −
∑
j

aij sin(xi − xj) , i = 1, ..., n.

aij = aji ≥ 0 .
Perturbations:

at nodes ωi = ω0
i + ξn(t) ,

on lines aij(t) = a0ij + ξl(t) .

Results:
If maxt |ξ̇n,l(t)| � min

{
di
mi
,
λj√
mi
,
λj
di

}
→ Identify faulty element(s).

λj : eigenvalues of the Laplacian matrix.
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Diffusively Coupled Agents on Complex Networks

Coupled oscillators:

mi ẍi + di ẋi = ωi −
∑
j

aij f (xi − xj) , i = 1, ..., n.

aij = aji ≥ 0 .
Perturbations:

at nodes ωi = ω0
i + ξn(t) ,

on lines aij(t) = a0ij + ξl(t) .

Results:
If maxt |ξ̇n,l(t)| � min

{
di
mi
,
λj√
mi
,
λj
di

}
→ Identify faulty element(s).

λj : eigenvalues of the Laplacian matrix.

max
t
|ξn(t)| � ω0

i , max
t
|ξl(t)| � a0ij . (1)
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Preliminaries

The Sherman-Morrison-Woodbury formula:(
A + uv>

)−1
= A−1 − A−1uv>A−1

1 + v>A−1u
, (2)

where u and v are vectors characterizing the rank-1 perturbation.

Line perturbations: L̃(t) = L + ξl(t)eije
>
ij

eij = (. . . 1︸︷︷︸
i

. . . −1︸︷︷︸
j

. . . )>
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Preliminaries

The Kron reduction

x =

(
xg

xc

)
, ω =

(
ωg

ωc

)
, L =

(
Lgg Lgc

Lcg Lcc

)
. (3)

Generators:

Lr = Lgg − Lgc(Lcc)−1Lcg . (4)

Natural velocities:

ωr = ωg − Lgc(Lcc)−1ωc . (5)

Non-reduced nodes:

ωr = Lrxg . (6)

which allows to solve the equations for the subset of nodes Ig .
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Detection of node and line disturbances

Frequency mismatch:

ψ(t) = Lrxg (t) = Lr
[
L̃
r
(t)
]†
ω̃r (t) , (7)
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Line disturbances: Theory

Between non-reduced end-nodes:

ω̃r (t) = ωr , L̃
r
(t) = Lr + ξl(t)eije

>
ij , (8)

Frequency mismatch:

ψ(t) = Lr
[
Lr + ξl(t)eije

>
ij

]†
ωr

= Lr

[
(Lr )† − ξl(t)(L

r )†eije
>
ij (L

r )†

1+ξl(t)e
>
ij (L

r )†eij

]
ωr

= ωr − α(t)
[
e>ij (Lr )†ωr

]
eij , (9)
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Line disturbances: Theory

Line disturbance with at least one reduced end-node:

ψ(t) = ωr + γ̃(t)ṽ , (10)

where

ṽ = ei + Lgc(Lcc)−1ej , (11)
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Line disturbances: Example

(b) 6; (c) 11; (d) 7-8; (e) 2-10; (f) 11-12
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Line disturbances: Example

European Network:

ξ(t) = ξ0 sin(ωmt) (12)
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Line disturbances: Example

European Network:

ξ(t) = ξ0 sin(ωmt) (13)
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Line disturbances: Example

European roads: linear coupling

ξ(t): Time correlated noise.
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Line disturbances: Example

US Airports: third order Kuramoto coupling

ξ(t) = ξ0Θ(t − t0) + ξ′0Θ(t − t0)Θ(t1 − t)(t − t0) + ξ′′0Θ(t − t1)
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Fault detection in power networks

Faults on lines or nodes

Multiple faults at the same time

Real-time monitoring

Application to power grids
→ slow disturbances.

R. Delabays, L. Pagnier, MT, New Journal of Physics 23 (4), 043037 (2021)
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