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2Distributed systems & control
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Identify dynamic network models!
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3Dynamic network model
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Network setup from[1]

- Stable & well-posed

- Noise may be correlated

- Rational transfer functions
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4Dynamic network identification

Identification of all dynamic modules with joint-direct method[1]

- Encodes network topology in 

- Can deal with correlated noise

- Consistency & minimum variance

- Non-convex optimization

- May scale poorly

What algorithm estimates dynamic networks
without running into local minima?



• Durbin’s method

• Sequential Least Squares algorithm

• Analysis

• Simulations

• Conclusions

5Outline



Estimation of SISO ARMA model                                       parameterized as

1. Estimate innovation with high order AR 

2. Use estimated innovation as input  consistency1

3. Re-estimate  asymptotic efficiency2 

1J. Durbin, (1960). The fitting of time-series models. Revue de l'Institut International de Statistique
2D. Mayne and F. Firoozan, (1982). Linear identification of ARMA processes. Automatica

6Durbin’s method

Linear in parameters

Linear in parameters



7ARMAX parameterization

ARMAX model of every ‘row’ of

 Polynomial matrices



8Sequential Least Squares: step k=1

unstructured open-loop ARX model of the network

 Polynomial matrices

Innovation & dynamics consistently estimated if model order high enough



9Sequential Least Squares: step k=2+

ARMAX estimate: Use innovation as input

Linear in parameters

Improve ARMAX estimate: re-estimate with noise model

Linear in parameters
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10Asymptotic results

Equivalence with WNSF[1]

Consistency at k=2[2]

Asymptotic efficiency in number of samples at k=3[2]



11Simulation: Convergence 

Joint-direct

Step k=2

Step k=3

Iter k=10
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• 3rd order network ARMAX model
• 100 Monte-Carlo runs for each N
• MSE of impulse response of green module
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12Simulation: random networks

In order to compare: 4-input-1-output problem

100 Monte-Carlo runs, 
random modules & signals
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Dynamic networks can efficiently be estimated with
Sequential Least Squares

• No local minima

• Can handle large-scale

• Can encode network topology

• Can handle correlated noise

• Estimates all modules

• Can be extended, e.g. 

– topology detection

– single module identification


