System Identification

 Data-based identification of dynamic systems
* Collect the input and output samples
e UandY
* Perform system identification
 H=arx([Y U],[n md])
* n=# of terms in a(z), m=#of terms in b(z), d=delay

 Matlab Commands

idinput(): generates a pseudorandom binary sequence (PRBS)
signal of length k=2N-1, for use as an input signal for system
identification

arx(): identifies the autoregressive exogenous (ARX) model of
a system from measured input-output data

Isim(): simulates and finds the system output yk in response
to an input signal uk defined over the time sequence tk

ident: launches a GUI interface for system identification



System Identification

Example: Consider a system transfer function (assumed to be unknown)
s3+7s?+11s+5

s* + 7s3 + 21s2 + 37s + 30
System ID: find an estimate of G(s) using input-output measurements.

G(s) =

Identification process:
» Define the system’s transfer function (for simulation only):
s=tf(‘s’); Gs=(s"3+7*s"2+11*s+5)/(s"N4+7*s"3+21*s"2+37*s+30);

 Discretize the system model, with sample time Ts=0.1 sec:
Ts=0.1; Gz=c2d(Gs,Ts),

« Simulate the system with a sufficiently exciting input (rich in frequency),
such as pseudo-random binary sequence (PRBS) or chirp function, to
excite all system modes, and collect the I/O data:

N=6; Ns=2"(N-1)-1; Tf=Ns*Ts;
t=0:Ts:TT;

uk=idinput(Ns, prbs’);
yk=Isim(G,uk,t);



ldentification process ...

* Plot the collected 1/O data: RN
(for PRBS input)
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figure(1), stairs(t,uk,'g’); hold on, :
stairs(t,yk,'r"); hold off, OW
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« Find an auto-regressive exogenous (ARX) model of the
system of order (4,4,1):

arx441=arx([yk, uk], [4 4 1]);
Gl=tf(arx441); Ghz=G1(1); Ghz.Ts=0.2; Ghs=d2c(G1l),

The resulting transfer function estimate is:
A s3+7s%2+11s+5
G(S) " s4+75342152+375430

, Which is identified very accurately.



System ldentification Using PRBS Function

PRBS function (sufficiently excitinq)

Transfer function estimate:
A s3+7s%+11s5+5
G(s) = s*+753+2152+375+30

(very accurate)

System response plot: o
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% Simulate the unknown system

clear all, clc,

s=tf('s");

disp('G(s) =),

Gs=(s"3+7*s"2+11*s+5)...
[(s"N4+7*s"3+21*s"2+37*s+30),

% Collect the input/output data

Ts=0.1; Ns=60; Tf=(Ns-1)*Ts;

disp('G(z) =),
Gz=c2d(Gs,Ts),
t=0:Ts:Tf;

uk=idinput(Ns,'PRBS");
%uk=chirp(t,0,Tf,5)";
%uk=sin(2*pi*1*t)";
yk=Isim(Gz,ukt);

figure(1), stairs(t,uk,'g’); hold on,
stairs(t,yk,'r"); hold off,

% Estimate the system’s TF
YUK=iddata(yk,uk,Ts);
arx44l1l=arx(YUk,[4,4,1]);
disp('Gh(z) =),
Gz441=tf(arx441);
Gzh=Gz441(1),

disp('Gh(s) =),

Gsh=d2c¢c(Gzh)
yhk=Isim(Gzh,uk,t);

figure(2), stairs(t,uk,'g’); hold on,
stairs(t,yk,'r"); plot(t,yhk,'bo"); hold off,
figure(3), bode(Gs,'r.",Gsh,'bo"),



System ldentification Using Chirp Function

Chirp function (sufficiently excitinqg)

System response plot:

Bode plot: :

Transfer function estimate:

G(S) _ s3+75%2+11s+5
T s44753+421524+375430
(very accurate)
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% Simulate the unknown system

clear all, clc,

s=tf('s");

disp('G(s) =),

Gs=(s"3+7*s"2+11*s+5)...
[(s"N4+7*s"3+21*s"2+37*s+30),

% Collect the input/output data

Ts=0.1; Ns=60; Tf=(Ns-1)*Ts;

disp('G(z) =),
Gz=c2d(Gs,Ts),
t=0:Ts:Tf;

%uk=idinput(Ns,'PRBS');
uk=chirp(t,0,Tf,5)";
%uk=sin(2*pi*1*t)";
yk=Isim(Gz,ukt);

figure(1), stairs(t,uk,'g’); hold on,
stairs(t,yk,'r"); hold off,

% Estimate the system’s TF
YUK=iddata(yk,uk,Ts);
arx44l1l=arx(YUk,[4,4,1]);
disp('Gh(z) =),
Gz441=tf(arx441);
Gzh=Gz441(1),

disp('Gh(s) =),

Gsh=d2c¢c(Gzh)
yhk=Isim(Gzh,uk,t);

figure(2), stairs(t,uk,'g’); hold on,
stairs(t,yk,'r"); plot(t,yhk,'bo"); hold off,
figure(3), bode(Gs,'r.",Gsh,'bo"),



System ldentification Using Sine Function

Sine function (not sufficiently exciting)

Transfer function estimate:

G(S) _ s3+75%2+11s+5
T s44753+421524+375430
(not accurate)

System response plot:

Bode plot:
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% Simulate the unknown system

clear all, clc,

s=tf('s");

disp('G(s) =),

Gs=(s"3+7*s"2+11*s+5)...
[(sM4+T7*s"3+21*s"2+37*s+30),

% Collect the input/output data

Ts=0.1; Ns=60; Tf=(Ns-1)*Ts;

disp('G(z) =),
Gz=c2d(Gs,Ts),
t=0:Ts:Tf;

%uk=idinput(Ns,'PRBS');
%uk=chirp(t,0,Tf,5)";
uk=sin(2*pi*1*t)";
yk=Isim(Gz,ukt);

figure(1), stairs(t,uk,'g’); hold on,
stairs(t,yk,'r"); hold off,

% Estimate the system’s TF
YUK=iddata(yk,uk,Ts);
arx44l1l=arx(YUk,[4,4,1]);
disp('Gh(z) =),
Gz441=tf(arx441);
Gzh=Gz441(1),

disp('Gh(s) =),

Gsh=d2c¢c(Gzh)
yhk=Isim(Gzh,uk,t);

figure(2), stairs(t,uk,'g’); hold on,
stairs(t,yk,'r"); plot(t,yhk,'bo"); hold off,
figure(3), bode(Gs,'r.",Gsh,'bo"),



System ldentification Using “Sys-ID” GUI

Identification process:
« Simulate the system with a sufficiently e ———
exciting input, and collect the I/O data. '
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« Launch the system identification GUI :
* Type “ident” in Matlab workspace ]
* Import data >> Time domain data... 1

« Insert I/O data names, uk, yk, ol '

 |Insert Starting time and Sampling S I T e B T
interval, and then import

— 5 7
S S T == importData | ool )
— e — —
File Options  Window Help Data Format for Signals
Import data b Import models - Time-Domain Signals
# Operations l
i i — P
mydata = Treprocess hd | Workspace Yariable
1 Input: uk
T
= Output: vk
data |
Working Dat |
||
l | | Data Information H
Estimate —= - Data name: mydata |
Data Views = To Model Views Starting time 0
Time plot Workspace || LTI Viewer Model output t resp Nonl R Sampling interval. g4
Data spectra Model resids Freguency res p H [
Freq cy funct pol I
data Noise spectrum | W
jE==n Validation Data o
Diata set mydata inserted. Double click on icon (right mouse) for text information.




System ldentification Using “Sys-ID” GUI

Identification process...

Select Range:

ul->yl l

o [ e S |

File Qptions

Style Channel Help

» Set Preprocess >> Select range...
« Select the range of ‘mydatae’ for
estimation and ‘mydatav’ for validation
» Drag and drop “mydatae” into Working Data
field and “mydatav” into Validation Data field
» Select Estimate ... >> Linear parametric

models...

e Click Order Selection, and then Estimate

Input and output signals

Time

Mewy data sets may now be chosen. ||

S —

File Opt Window Help
Import dat; - Import models A
* Cperations ‘
V" " Vs
=— Prepi 51 w7
d datae

1

Estimate — -

Mumber of par's
8
Mizfit=7.7755e-01
na= ;
nk=4

nk=1

Insert
Close
Help

-
Linear Parametric Models C=Aa=q X ARX Model Structure Selmﬂ—hj
Structure: ARX: [na nb ni] - Eile Options  Style Help
Ordlers: [1:10 1:10 1:10]
Exuation: Ay=Buse Model Misfitvs number of pars
T . y = Red: MDL Choice
: o .
N i S 120 Red: AIC Chaice
ame: .
S q Red: Best Fit
m
[ =
. . ) =
ct: Prediction  w | INitial stater |5 4, - || = os
p §
Dist. model:  Estimate Covariance: Estimate = % 06
2 0
p=
£ 04
=
Display Stop terations H g 0z
=
Order Selection | [ Order Editor... | ll 0 10 20 30
Mumber of par's
| lose, | | kicip | Click on bars to inspect models,
=

Data \Views odel Wigw:
To To

Time plot Workspace | | LTI Viewer Mode! output Transient resp

Data spect: Model resids eque (-3
—— =

Frequency function “” ' ' and pol

dataw ) epect
UL Validation Data )
The character is not a valid hotkey
= F—




System ldentification Using “Sys-ID” GUI

Identification process... I
» Click “Insert” to get the best fit model (in this N
example, the arx441 model) into SYS-ID GUI 1 o MO 1 et e
« Check “Model output” field £l] hen]| e
* You should see arx441: %100 fit | £ -
=
| 502
;D % 10 20 30

File Options Window Help

Import data ~] Import models
‘l Operations l

i I ; <— Preprocess - r\—‘- - = ——
rmydata arxd41 B Model Output: y1 pn l e

W. 1 File Options 5Style Channel Help
mydataw ‘\’W Measured and simulated model output
04

mydatae

Best Fits

W, i
Working Data ardd1: 100

l - 0.2

Estimate —=
Drata Wiews Moclel Views s
To To

[ Time plot Workspace | | LTI Viewer M f [] Transient resp Monlinear ARX
-0.2

[] Data spectra [] Model resids [7] Freguency resp Hamm-Wiener
|| Freguency function ” W [7] Zeros and poles o

mydatav T2 3 4 5 6

|:| Neoise spectrum )
Validation Data Time

Trash
Click on datamodel icons to plotiungplot curves.




System ldentification Using “Sys-ID” GUI

Identification process...

» Drag and drop arx441 model object to B sy ensfcation Tl Uniied W S el
“To Workspace” field ————

» You should then see the ‘arx441’ e VT I

object in the Matlab workspace =

File Options Window Help

« From arx441 in Matlab find the transfer .
function estimate (as before). e o e
. . e i e R
Transfer function estimate: V
53+752+115+5 _ _ The character is not & valid hotkey

G(s) =

s%4+7s342152437s+30

System response plot Bode plot

Bode Diagram
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System ldentification Using “Sys-ID” GUI

For more information, visit:

http://Iwww.mathworks.com/help/releases/R2014a/ident/index.html




