Dynamic Systems | dentification

Part 1 - Linear systems

Reference:

J. Sj6berg et al. (1995):Non-linear Black-Box Modeling in System ldentification: a
Unified Overview, Automatica, Vol. 31, 12, Sections 1 and 3.1.
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dentification of dynamic sysiems

expernimental modelling of dynamic systems
Basic rule:

Do not estimate what you already know!
results of research and engineering practice

white box model, grey box model, black box
model

avallable literature and software

black box linear models: linear systems
identification (Ljung, Isermann, etc.)
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Siatic /- dynamic moedel

u(t) y(D)

eSatic model
Flu(t), y(t)] =0

*Dynamic model
F[t,u(t),u'(t),u'"(t)

Flk,u(k),u(k -1
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Linear regression for dynamic
Systems

yK=-ayk-1)-ayk-2) . . . -ayk-n) +buk-1) + buk-2)... +b._u(k-m)

V(K)=[-y(k-1) -y(k-2) ... -y(k-n) u(k-1) u(k-2)...u(k-m)] [al a2 ... an bl b2... bm|"

Systems modelling from data




Autoregressive model Withiexogenous
INPULS (ARX)

Y09+, y(k= ) = > bu(k =i - d) +e(k)

AZY)y(ZY) =Bz )u(Z?) +e(z?)
B(z™) 1 4
AZY) A )

Y(Z™) = u(z ™)+

- filtering
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Division of Identification methods

class of mathematical models concurrency.
. honparametric models . offline
. parametric models , online
class of used signals data processing
,  continuous, discrete honrecursive

deterministic, random, direct
pseudorandom iterative

error between the systemand its , recursive
mod_el model structure
. Input error . linear models

| output error nonlinear models
. generalised error
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Nonparametric models

mostly linear models

|/O characteristics as numeric tables or curves

frequency responses (Bode diagrams)
Impulse response, step response

Fourier analysis, analysis of frequency response, correlation
analysis, spectral analysis
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Parametric models

linear and nonlinear modals

models with explicit parameters

differential equations
difference equations
transfer functions
state-space functions

model structure;

. System order
| regressors
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On-line meadel fitting

Calculation
of residuals

Optimisation }(
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Ofif-line meadel fitting

Calculation
of residuals

Optimisation
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Output errer moedel

Optimisation }(
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Input enrer model

Optimisation
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Equation: error model

Optimisation
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Methods fier parametric models
ldentification (System ldentification Toolbox)

- linear systems

AT = 2) w2+ S8 g

Z') D(Z")
FIR (A=F=D=1,C=0)
ARX (F=C=D=1)

OE (A=C=D=1) REGRESSORS!
ARMAX (F=D=1)
BJ (A=1)
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. Autoeregressive model with exoegenous inputs (ARX)
y(K)=ary(k-1)ray(k-2)+b;u(k-1)+b,u(k-2)+

Autoregressive moving average model with exogenous inputs model
(ARMAX)

y(k)=a,y(k-1)+a,y(k-2)+b,u(k-1)+b,u(k-2)+ i C,




. Output errer model (OE)
y(k)=a,[y(k-1)- J+a,[y(k-2)- J+bsu(k-1)+b,u(k-2)+
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VWhat arewe doiing Iniidentification?

Example: the first order dynamic system

y(K) = 0.9512y(k —1) + 0.09754u(k —1)

“storder 0.09754z™
Regressors: y(k-1),u(k-1 H(z) = —
- Sz L, (2) 1-0.95127™

Y(K)=-a.y(k-1) +b,u(k-1)

vl Ty@u) a1 y=Wo
v@3) I = |y@ u@) ILb, |

. Order of rows and columns can be changed!!
. Optimal solution by least sguares cost function

o=(WTW) YTy
. Parameters are optimal for one-step-ahead prediction, validation is done with
simulation (multi-step-ahead prediction). EEE

Systems modelling from data 17




Input signal
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