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Subnetwork identification

e preferably from “local” measurements
e immersion of nodes in DCN’s and verifying link invariance

e adapted versions of full network ID algorithms
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Subnetwork identification

What is a “subnetwork”?

Determined by a set of selected nodes w, and encompassing all links between these
nodes, and the related connections to ground
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Immersion in DCN networks



Network immersion
A(g Hw(t) = B(g7Y)r(t) +v(t)

Decompose
w(t) = [wy] w,: nodes to be kept [Aw Ayz] [wy(t)] _ [g:] () 4 [Zg;]

wz| wz: nodes to be immersed Az Azz| |we(1)

Immersion of w, delivers: A ,uy, (t) = Byr(t) + 8, (t)
with: A, = A, — A A A,

B,=By— A,A_'B,
Two observations:

1. Because of A

L the terms can become rational
2. If A,z = Othen A, = A,,, and B, = B, are invariant
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Network immersion

What does A, = 0 entail?

Subnetwork nodes w,, should have no direct link with nodes w_ to be immersed

mmm) Construct three sets of nodes: {u;y] wy,: subnetwork nodes
w(t)

Wp wp: neighbour nodes of wy,
W wz: nodes to be immersed
Ay Ap O wy, (t) B, vy (t)
Apy App Apz| |wp(t)| = |Bp| r(t) + |vs(t)
0 A Ar| |wz(t) B, vz (t)
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Network immersion

Ap Ap 0 w, (%) B, vy (t)
Apy App Apz| |wp(t)| = |Bo| r(t) + |vp(?)
0 Az Azz| |we(t) B, vz (1)
Immersion of w; delivers:
Aw Ayb wy ()| _ By B, (1)
=il o) = (&) o+ [20)
with: g . .
B, =B, B, = B, — Az AZ'B,
[Aw Aw] [wy(t)] B [By] r(t) + [vy(t)] invariant terms
Ay Aol |ws(t)| ~ |Bs Oy (t) rational terms

TU/e



Example
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Consequences for identification
& i)

1. Estimate A,,,, Ay, By, on the basis of the first equation only:

wy(t) | _
[Aw AJ«'D} [’wp(t)] — Byr(t) + Uy(t)
This is problematic because of the presence of algebraic loops

It can only work if the terms in A,,, have delays

Options:

With wy € wy, and wo € wp,

algebraic terms are the same in both directions,
if we model only one, it cannot be distinguished
from the (unmodelled) other
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Consequences for identification
& i)

2. Estimate the full immersed network (with any of the full network methods)

Complication: A__ and B, are rational

Options:

Solution:
a) Make the full equation polynomial through premultiplication with the denom-
inator of App A, An . s S
ith do. det(Azz) ] .
Wi = _
ged(det(Az), adj(Az)) gcd = greatest common divisor

Not really attractive because of multiple common terms
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Consequences for identification
& i)

2. Estimate the full immersed network (with any of the full network methods)
Complication: A, and B, are rational

Solution:

Options:

b) Approximate the rational terms by a finite (polynomial) expansion in g~

j‘DD ~ Z 14DD,kq_k
k=0
and sufficiently high order n

Advantage: algorithms for full network ID can directly be used

[1] F. Karaba, MSc Thesis, 2026 (to appear)

1 [1]
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Local identification in DCN networks



Local identification in DCN networks

Target subnetwork determined by w1, ws: We measure w1, wo
a11, @12, 422 and their neighbours ws, w4
Remaining nodes are immersed

TU/e
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Local identification in DCN networks

Simulated system:
A(g Hw(t) = B(g~")r(t) + C(qgY)e(t)

A second order with Ao diagonal;
B=[1000000]%

C first order polynomial

7 unit variance white noise;

e white noise with variance 0.01;

ARMAX Multistep WNSF algorithm:
App is parametrized as second order polynomial

ARX order of first step is 10.
In the immersed network all possible links are identified.
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Local identification in DCN networks

Results of the time-domain method (WNSF):

Parameter 0, 0, 0; 0, 05 06
True value 80 -60 20 -40 30 0

Mean 79.4219 | -59.7437 | 20.1294 | -39.0483 | 29.3419 | 0

SD 0.6564 0.3255 0.1626 1.1800 0.7409 0

Parameter 0, Og Oy 610 011 012
True value -20 0 0 0 0 0

Mean -19.7780 | -0.0534 0 -0.1235 | 0.0339 0

SD 0.3821 0.1623 0 0.2261 0.1078 0

Parameter 913 914 915 916 917 918
True value 80 -60 20 0 0 0

Mean 78.0318 | -58.6126 | 19.6240 | -0.0104 | -0.0957 | 0

SD 2.1832 1.6962 0.4578 0.6798 0.4375 0

Parameter 019 650 021

True value -10 0 0

Mean -9.6627 | -0.0820 0

SD 0.3790 0.1841 0

AM,O(O) =
Am,l(e) =

Aw0,2(9) =

610
619

011
620

012
021

SO OO OO

O @ @
oo O o OO

Ao known to be diagonal, leads to
0 =09 =012 =618 =021 =0
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Local identification in DCN networks

Results of the time-domain method (WNSF):

(6 — 8°)/6°
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Results are within SD

Possible improvements:

Higher order approximation
of A o

More excitation signals
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Summary subnetwork identification in DCNs

Subnetwork identification becomes identification of immersed network
(no “complex” predictor model selection)

PPL condition simplifies to measuring all neighbour nodes 2>
local identificaiton really stays local

Full network identification methods can be applied, but require handling of one
rational term in the model

Indirect methods (not addressed) require exciting all nodes
(beacuse of algebraic loops)

Subnetworks can be further nuanced to only focussing on links between nodes

Methods are well suited for diagnostics on physical coefficients.

TU/e
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Technicality in continuous-time models

) = m]o+ [

In continuous-time, the rational term

App(8) = Aoo(8) — Apz(8) Azz(s) ™ Azo(s)
is a summation of a
* polynomial term: Apy(s), and
e rational term: — A, (8)Azz(s) "1 ALs(s)

this requires a two-sided approximation

np
< ~ —k:
Ay = ) App s

k=—n,,

[1] F. Karaba, MSc Thesis, 2026 (to appear)
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Current app/toolbox implementations:

4\ « SYSDYNET Identification window:

- Multistep time-domain method (ARMAX) for discrete-time models,
with high order polynomial (FIR) approximation of Aop

- Multistep frequency-domain method for discrete- and continuous-time models,
with high order polynomial (FIR) approximation of Acp
(two-sided expansion approximation for continuous-time not implemented yet)

TU/e
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The end
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