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 squares cost function

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

100 W DC metor, outside exicited DC generator
load:; two 40 W bullbs

data acquisition with A/D' converter, input signals via D/A
converter and thyristor transmiter

nonlinear static characteristic
Process input: voltage on motor input
process output: motor and generator rotations per minute
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Meter-generator test rig

Systems modelling from data




Datasacquisition

PC computer

Computer
generated Digital filter
digital signal

D/A converter A/D converter

Analogue filter

|Samp|e—and-HoIdI (anti aliasing filter)

Mes. amplifier

Actuator




Sampling time, Input signal, pre-precessing

sampling time selection

9.5
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Sampling time, Input signal, pre-precessing

Input signal selection removing offset and filtering

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
w [rad/s] w [rad/s]

PRBS signal, 10-90% settling time
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Vliodel structure selection

analysis of Information matrix
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Model structure selection

Order and regressors
. 2hd order
. Regressors; y(k-1),y(k-2),u(k-1),u(k-2)
- Y(k)=-a,y(k-1)-ay(k-2)+ b, u(k-1)+bu(k-2)
- y@) ETv2) (@) u@) u@) 1l a, |
@ 1-y3) v uE) u@) |l a,

| east-sguares cost function - ARX
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Vioedel validation

same Input signal as for
Identification

test of residuals
freguency response consistency.

different input signal for validation Input-output consistency.

— cross-validation

consistency of parameters,
covariance matrix,
parameter variances,

model reduction,

model purposiveness
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Test of residuals
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. Autoregressive model with exogenous inputs (ARX)
y(K)=ayy(k-1)+azy(k-2)+b,u(k-1)+b,u(k-2)+
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Test of residuals
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Input-cutpuUt consistency

|dentification signal Validation signal




Coensisiency. of parameters, moedel reduction,
covariance matrix, model purpesiveness

cov[® -0] = o’ E{ [P ¥}

Vo

G, :

a, =—-1.6379;0 =0.0117; a, =—1.7538; o = 0.0040;
a, =0.6890; o = 0.0112; a, =0.7923, 0 = 0.0035;
b, =0.0281; o = 0.0013; b, =0.0590; o = 0.0014;
b, =0.0165;0 = 0.0017; b, =-0.0272, o = 0.0019;
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[Results of 1dentification

N

G..:

a, =-1.7144;
a, =0.7589;
b, =0,

b, =0.0390;

d = 2samples;
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Dynami¢ systems Identification I's a routine operation in practice
whenever we deal with linear and close-to-linear systems.

Importance of input signal selection, sampling time selection,
signal's pre-processing, selection of regressors and model

validation.

System identification is highly ITERATIVE, but can never be
automatic.

The result of modelling Is always a model, never a copy.

The quality of model depends on the entire identification
Process.
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MATLAB System | dentification Toolbox

ARX, ARMAX, OE, BJ, ARARX, ARARMAX, PEM,
WY/

Recursive models: ARMAX, ARX, BJ, OE, PEM
Time-series identification: AR, ARMA, IVAR
Segmentation of data

Structure search

Other tools
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