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Single module identification 
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Full MISO (full input) situation:

Multi-input single-output identification problem
addressed by either a direct or indirect method
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0 Question:

Can we reduce the number of input signals?



Single module identification

4 input nodes to be measured:
Can we do with less?
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[1]  A. Dankers. PhD Thesis, 2014; TAC 2016.
[2]  F. Dörfler and F. Bullo, IEEE Trans. Circuits and Systems I, 2013.

Network immersion [1]

• An immersed network is constructed by removing node signals, but leaving the remaining node 
signals invariant

• Modules and disturbance signals are adapted
• Abstraction through variable elimination (Kron reduction[2] in network theory).



Immersion
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Immersing



Algebraic formulation of immersion 
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Algebraic formulation of immersion 
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Algebraic formulation of immersion 
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Immersing

When does immersion of a node 
leave        invariant?



Immersion
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When does immersion of a 
node leave        invariant?

A.G. Dankers et al., TAC, 2016.

Proposition
Consider an immersed network where and    are retained.
Then                     if

a) Every path                      other than the one through         passes through a node that is 
retained. (parallel paths)

b) Every path         passes through a node that is retained. (loops around the output)
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Sketch of proof
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A.G. Dankers et al., TAC, 2016.



Formulation in terms of disconnecting set
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S. Shi et al., Automatica, 2022.
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parallel paths, and loops around the output
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parallel paths, and loops around the output
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parallel paths, and loops around the output
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parallel paths, and loops around the output
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Choose    as an additional input (to be retained)
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parallel paths, and loops around the output
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parallel paths, and loops around the output
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parallel paths, and loops around the output
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Choose   as an additional node, to be retained
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Single module identification

Conclusion:
With a 3-input, 1 output predictor model,
the module          remains invariant.
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The indirect method can directly be applied 
to this reduced-input situation, and provides 
consistency

For the direct method the properties of the disturbances
need to be further investigated



Invariant modules for a  given set of measured nodes
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selected nodes      invariant modules



Generalization of immersion
Parallel paths and loops around the output can also be blocked by indirect measurements:
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[1] J. Linder and M. Enqvist. Int. J. Control, 2017.
[2] A. Bazanella, M. Gevers et al., CDC 2017.

[3] H. Weerts, J. Linder, M. Enqvist & PVdH, Automatica, 2020

see e.g. Linder and Enqvist[1], Gevers et al.[2] , Weerts et al.[3]



Generalization of immersion - Abstraction
The applied reasoning is to exploit the degrees of freedom in the network representation:
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Observation:
With a 3-input, 1 output model we can
consistently identify
with an indirect method:

Single module identification – indirect method
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Indirect method:

Single module identification – indirect method
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Next step:

Single module identification 
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Generalize the direct method, to be able to deal with:
Selections of measured node signals
Can deal with disturbances with nondiagonal

so as to exploit the excitation properties of the disturbances.



Software
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Multi-step method for single module
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[1] Galrinho, et al., TAC, 2019.
[2] Ramaswamy et al., Automatica, 2021.



• MISO identification with all modules parameterized
• Brings in two major problems :

 Large number of parameters to estimate 
 Model order selection step for each module (CV, AIC, BIC)

• For 5 modules, combinations = 244,140,625

• We need only the target module. No NUISANCE!
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Increases variance
Computationally challenging

Kernel-based method for MISO identification
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Machine learning in local module identification
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[1] Everitt et al., Automatica 2017.    
[2] K.R. Ramaswamy et al., Automatica, 2021.

Maximize marginal likelihood of output data:   𝜂̂𝜂 = argmax
𝜂𝜂

𝑝𝑝 𝑤𝑤𝑗𝑗; 𝜂𝜂
𝜂𝜂 ≔ 𝜃𝜃 𝜆𝜆𝑗𝑗 𝜆𝜆𝑘𝑘1 … 𝜆𝜆𝑘𝑘𝑝𝑝 𝛽𝛽𝑗𝑗 𝛽𝛽𝑘𝑘1 … 𝛽𝛽𝑘𝑘𝑝𝑝 𝜎𝜎𝑗𝑗2

⊤

• smaller no. of 
parameters

• simpler model order 
selection step

• scalable to large 
dynamic networks

• simpler optimization 
problems to estimate 
parameters



Numerical simulation
 Identify 𝐺𝐺31 given data
 50 independent MC simulation
 Data = 500
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Kernel-based method for MISO identification
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Kernel-based method for MISO identification
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Kernel-based method for MISO identification

[1] Maritz & Lwin, Chapman&Hall, 1989.
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Software
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