
DYNAMICAL SYSTEM IDENTIFICATION 
Instructor:  Professor Giorgio Picci

Course title
:     DYNAMICAL SYSTEM IDENTIFICATION  

SSD:    ING-INF/04

 Ms graduate course in  Automation Engineering

Year: second 

Objectives: The course is tailored to engineering students interested in  automatic  mathematical model building and simulation of physical and engineering systems.  The main purpose is to provide a sound theoretical basis for  an in depth  comprehension and critical use of the software packages available on the market today for dynamical system identification. 

Main topics covered in the course:  
Basic parametric Statistics:   Parameter estimation,   Cramèr-Rao inequality, Identifiability. Maximum Likelihood. Static linear-Gaussian models and their estimation. Least squares. Estimators for the noise variance.  The chi square distribution. Testing statistical hyptheses. Linear hypotheses; the F distribution. Analysis of variance. Model complexity estimation.
Linear stationary models; various classes of models: ARMAX, Box-Jenkins etc. Minimum variance predictors. Parametrization and identifiability. Feedback.

 Minimum Prediction Error (PEM) identification.  Asymptotic prediction error and asymptotic  analysis of the parameter estimates.  Some basic facts about ergodic processes. The central limit theory. Consistency and asymptotic normality of PEM estimates. Asymptotic efficiency. 
Computing the estimates; Iterative algorithms for the minimization of the sample prediction error.   Quasi-Newton methods. Iterative local least squares. Recursive algorithms. Exact recursive algorithms  for  ARX models. Interpretation as Kalman filtering. Approximate recursive algorithms.
Validation and  order  estimation; Validation by residual analysis. Testing the whitness of residuals. Order estimation via minimization of  complexity criteria: FPE, AIC, MDL. 
Spectral estimation. Empirical spectral smoothing techniques. The maximum entropy spectral (AR) estimate. Estimation quasi-periodic components.
Prerequisites: Some familiarity with  MATLAB/SIMULINK and  the material covered in the course   Stima e filtraggio statistico. 

Textbooks
L. Ljung , System Identification; Theory for the user, Prentice Hall 1999.

T. Soderstrom, P. Stoica,   System Identification, Prentice Hall 1989.

G. Picci:  Metodi statistici per l’identificazione di sistemi lineari  (from my website). 

Exam:_Written and oral

Total hours: 78 of which   60 classroom lectures and   18    laboratory.  








