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Data-driven modeling in linear dynamic networks2

.

Single module identifiability
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Definition

Weerts et al., SYSID2015; Weerts et al., Automatica, March 2018; 

Generic identifiability holds if this is true for almost all models  

Hendrickx et al., IEEE-TAC, 2019. 

Situation that we are only interested in
one single module in the network:
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Recall from full network identifiability:         

: external signals with non-parametrized entries in 
: node signals          with parametrized entries in 

With      and      correlated: 
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Recall from full network identifiability:         
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Weerts et al, CDC 2018; Hendrickx et al. TAC 2019.

Theorem – single module identifiability

Interpretation: input       should have an excitation component which is independent of the
inputs to other parametrized modules that map into      



Example 

Which of modules                  can be identified?

Weerts et al, CDC 2018.

Removing first row Rank reduction identifiable

Removing second row Rank invariant not-identifiable

Why is         not-identifiable? There is a parallel path without additional excitation
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Network with 4 parametrized modules



Single module identifiability

Checking rank conditons is tedious. 

Generically we can check the vertex disjoint paths:
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Single module identifiability

• Path-based conditions (vertex disjoint paths) can be used to verify the 
generic identifiability conditions

• Well suited for analysis, but less suitable for synthesis question:

“Where to add excitation signals so as to achieve generic 
identifiabiltiy of a particular module?”

• Therefore: reformulate conditons in terms of disconnecting sets



can contain elements
of       and/or  

Single module identifiability
Use of disconnecting sets[1],[2]:
A vertex set     is disconnecting vertex sets      and if upon removal of the vertices
in     there is no directed link from to .             

[1]  Schrijver, 2003.
[2]  Hendricks et al., TAC2019

is a minimum disconnecting set if it has the smallest cardinality   

Result[1],[2]:
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Reformulation of the path-based conditions:
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Corollary – single module generic identifiability:

[1]  Shi et al., IFAC 2020.
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[1] Gevers et al., SYSID 2018. 
[2] Shi et al., IFAC 2020.
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Single module identifiability
From analysis to synthesis: Where to allocate excitation signals?

a prior known

target

parametrized

[2]  Shi, Cheng, VdHof, IFAC 2020.

Result[2]:         is generically identifiable within        if independent external signals are added to 
the nodes in         and      . 
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Identifiability of         in model set
with four parametrized modules:

Input of target module is: 

Disconnecting set from to
is  

External signals are required on        and
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[1]  Shi, Cheng, VdH, IFAC 2020.
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[1]  Shi, Cheng, VdHof, IFAC 2020.
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Reasoning

□



Single module identifiability – indirect method
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Definition

[1] Bazanella et al., CDC 2019

Generic identifiability holds if this is true for almost all models  

[2] Shi et al., ArXiv 2020 
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Definition:

Critical step:

[1] Shi, Cheng, VdH, ArXiv 2020 

Theorem (canonical noise model):
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[1] Shi, Cheng, VdH, ArXiv 2020 

Theorem (canonical noise model):
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[1] Shi et al., ArXiv 2020 

*

* Figure is sketched for the situation
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[1] Shi et al., ArXiv 2020 
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[1] Ramaswamy, VdH, Dankers, CDC 2019
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