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Dynamic models that include structure

From input/output models towards dynamic networks

When can we distinguish between modules?

Topology based conditions?
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Objective: Identification of a module, where to excite?
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Outline

• The dynamic network

• Single module identifiability

• Topology based conditions
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Flexible experimental setup

External variables / references

Modules 
Stable & well-posed

Noise may be correlated

Rational transfer functions

Process noise

Measured nodes

Choose number and location

of external excitations

This talk:

Strictly proper to avoid technicalities
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Example
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Can modules that map into node 4 be identified?

Identifiable

2 unknowns,

not identifiable
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Outline

• The dynamic network

• Single module identifiability

• Topology based conditions
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Identifiability of a single module

Single module identifiability when all modules are strictly proper

Embed restrictions in model set

- Topology

- Disturbance correlations

- Known dynamics

- Where excitation enters 
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Using the network equation

All modules identifiable when full rank
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Conditions for single module identifiability

Single module identifiability conditions

Relaxed condition for single module:
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Example continued
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Which modules can be identified?
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Outline

• The dynamic network

• Single module identifiability

• Topology based conditions
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Can we formulate topology based conditions?

Ignore the dynamics?  Approach inspired by [8]

[8] Bazanella, Gevers, et al. CDC, 2017

[12] J. van der Woude. Mathematics of Control, Signals, and Systems, 1991.

Link topology to generic rank of transfer function matrix [12]
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Vertex disjoint paths

Vertex disjoint paths do not share nodes
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More explanations

Dynamic network represented as structured state-space

 Nodes appear as states

 Paths also appear in state-space
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Adapt result for network models
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Topology based identifiability

Modified identifiability definition

Modified rank conditions

Generic rank can be checked based on topology
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Example continued
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Which modules can be identified?
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Take home messages

Harm Weerts: h.h.m.weerts@tue.nl

Paul Van den Hof

Arne Dankers

Identifiability of a module can conveniently be checked

based on just the network topology

https://www.sysdynet.eu

Tool for determining where to excite a network

Topological conditions are easy to check


