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Efficient modeling of large systems with 
thousands of actuators and sensors with a compact 
representation is a key in control synthesis. The 
methodology is developed for identifying the 
input-output map of e.g a 1D flexible beam 
described by the Euler-Bernoulli beam equation 
and equipped with a large number of actuators and 
sensors. 

For systems that are used in a frequency band far 
below their first resonance frequency, the 
temporal dynamics can be neglected, such as 
deformable mirrors in adaptive optics.  
The static input-output map between the lifted 
inputs and outputs has a so-called Sequentially 
Semi-Separable (SSS) matrix structure. 
This structure is of key importance to derive 
algorithms with linear computational 
complexity for controller synthesis of large-scale 
systems. 

The mixed causal, anti-causal state-space model considered is:

j denotes the spatial position, and k the index of the time 
experiment. Each time experiment is independent and is stacked in 
the data equation:

Estimating the state-space matrices via the SSS matrix      from 
input-output data measurements shall use its structure to ease the 
identification. The off-diagonal blocks are of low rank. 

These submatrices can be 
decomposed as a product 
of an observability and a 
controllability matrix.

An optimization problem is formulated on a local spatial window of size s. A 
low-rank constraint that is enforced with the nuclear norm ensures that low-
order models are identified. The SSS structure is considered in a third term 
for both the causal and anti-causal off-diagonal matrices:

Numerical experiments on randomly generated systems demonstrate an 
improvement in the quality of the estimates. Time-varying systems (i.e causal 
only) are handled here to draw a comparison with MOESP.

Identifying 1D distributed systems is addressed by identifying 
mixed causal, anti-causal and spatially varying systems. Numerical 
robustness is enhanced in comparison with MOESP by imposing a SSS 
structure.

Monte-Carlo experiments for noisy 
datasets, 100 temporal experiments. 

Larger datasets, more temporal 
experiments, SNR = 5dB. 

Deformable mirror Measurements from 
a Shack-Hartmann

The work is part of the iCON project. The iCON project 
aims at the development of new computational tools for 
image restoration by real-time feedback control with full 
images recorded by a CCD camera.
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