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Extensions - Discussion
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• Original objective:
Modeling concept that is independent of experimental setup
We make step with DCN’s but are not completely there yet.
Next step would be: jointly considering effort and flow variables [1]

[1] J.C. Willems

• Relating single module identifiability conditions to identification 
methods
If we satisfy the single module idf conditions, do we have a method that 
can consistently estimate it?
Yes, for excitations with r only  indirect method
For excitations with r and e       (local) direct method (?)



Single module identifiability – partial measurements
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[1] Ramaswamy, VdH, Dankers, CDC 2019

[1]
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• Including sensor noise [1]

• Errors-in-variables problems can be more easily handled in a network 
setting

[1] Dankers et al., Automatica, 2015.

• Distributed estimation (MISO models) [2]

• Communication constraints between different agents
• Recursive (distributed) estimator converges to global optimizer (more slowly) 

[2] Steentjes et al., IFAC-NECSYS, 2018.

• Experiment design [3]-[6]   and variance issues
• design of least costly experiments
• Predictor model selection : what does a sensor/actuator contribute (cost/benefit)?

[3] Gevers and Bazanella, CDC 2015. 
[4] Morelli, Bombois et al., ECC 2019; 

[5] Bombois et al., Automatica, 2018; 
[6] Bombois et al., Automatica, 2023; 
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• Full network identifiability in partial measurement/excitation case
[1]-[4] partly concerning acyclic networks.
Algorithm of Legat (2024) solves the analysis problem

[1] A. Bazanella et al., CDC 2019.
[2] E. Mapurunga et al., IFAC 2021, CDC 2022, TAC 2024.

[3] A. Legat and Hendricks, CDC 2020.
[4] X. Cheng et al., TAC 2023, 2025. 

[5]  T. Steentjes et al, CDC 2020, ECC 2021,
SYSID 2021, CDC 2021.  

• Data-driven distributed control [5]

Estimating a local controller

• Model validation and diagnostics [6]-[7]

[6]  Y. Shi et al., SYSID 2024. [7]  Liang et al., ECC 2025.

• Handling nonlinear dynamic elements [8]

[8]  Schoukens et al., SYSID 2018

• Subsystem identification
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• Relation with causal inference work of J. Pearl for signal selection

[1]-[2] Work of D. Materassi and M. Salapaka

[1] Materassi & Salapaka, TAC, 2012.
[2] Materassi & Salapaka, TAC 2020

• Constrained estimation

[3] Sparse plus low rank estimation

[3] Zorzi & Chiuso, Automatica, 2017
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• Switching modules can provide excitation

H.J. Dreef et al, SYSID 2021.



Extensions - Topology identification
• Topology resulting from full dynamic model

• Alternative: non-parametric models (Wiener filters [1]) 
or kernel-based approaches [2][3]

• modeling module dynamics by Gaussian processes,

kernel with 2 parameters for each dynamic module

8

• Optimizing likelihood of the data as function of parameters and topology:

• Forward-backward search over topologies + empirical Bayes (EM) for parameters

[1] Materassi & Innocenti, TAC 2010.
[2] Chiuso & Pillonetto, Automatica, 2012.

[3] Shi, Bottegal, PVdH, ECC 2019



Neurodynamic effect of listening to Mozart music
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Identifying changes in network connections
in the brain, after intensely listening for
one week

[1] R. van Esch, S. Shi, A. Bernas, S. Zinger, A. Aldenkamp, PVdH, Computers in Biology and Medicine, 2020. 



Discussion - Applications
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Underground reservoir identification using generalized wellbore data
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M. Mansoori, P.M.J. Van den Hof, J.D. Jansen and D. Rashtchian (2015). Pressure transient analysis of bottomhole pressure 
and rate measurements using system-identification techniques. SPE Journal, Vol. 20, no. 5, pp. 1005-1027.



Application: Printed Circuit Board (PCB) Testing
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Source: Altium

Detection of
• component failures
• parasitic effects

[1] D. Liang et al., ECC 2025.



Data-driven modeling in linear dynamic networks12

.

Thank you !
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