Dr. Bob Davidov

System Identification Toolkit.

TEXHOJOI'nd UJTEHTU®UKALIUA

UneHTndmkauma obektoB cuctem ynpasnenus. System ldentification
Toolbox.

I[enw pabomer: oOCBOCHUE IPABUIT AaBTOMATHIECKON UACHTU(UKAINKA 00BEKTOB B cpene MatJIAD.

3aoaua pabompl: TOCTPOSHUE MATEMaTHYECKOW MOJENN JUHAMUYECKOW CHUCTEMbI MO HU3MEPEHHBIM
JIAHHBIM BX0JIa U BBIX0J1a PEaTbHOW CUCTEMBI.

Ilpuooper u npunaonexicnocmu: llepconanbHbli KOMIBIOTEP ¢ MHTErpUpOBaHHOM cpenoid MatJIADB u
nakeroMm Simulink..

OBIIIME CBEJIEHU A

I/IHGHTI/I(bI/IKaI_II/IH CUCTEM KaK COBOKYIIHOCTb MCTOIAOB JII MOCTPOCHHUSA MATCMATUYCCKUX MO,I[GJ'IGI\/’I
JUMHAMHUYCCKUX CHUCTEM IIO0 JAaHHBIM Ha6J'IIO,I[€HI/II\/’I HaxoauT IMHUPOKOC IMPHUMCHCHUC HA IIPAKTHUKC. OTta
0071aCcThb TCOpHUU YIIPABJICHUA XOPOIIO U3YUCHA U q)OpMaJ'II/IBOBaHa.

[Taker MatJIAB System Identification Toolbox opueHTHpOBaH Ha pelieHHe 3a1a4 UACHTUDUKALINN.
[Tpu momomM makeTa Mo BPEMEHHBIM HIJIM YaCTOTHBIM BXOJHBIM M BBIXOJHBIM JKCIIEPHUMEHTATbHBIM
JTAHHBIM MOYKHO

® ONEpaTUBHO WACHTU(UIIMPOBATH HETIPEPHIBHBIC M TUCKPETHHIC MepeaTOYHbIC ()yHKIHH,

® ONUCHIBATH MOBEACHHUE JUHAMUYCCKUX CUCTEM B IPOCTPAHCTBE COCTOSHUM,

® ONpEeAeISTh MOIXOAAILYIO CTPYKTYPY H MOPSIOK MOJECIIH,

®  BBHINIOJHATH OLICHKY TApaMETPOB MOJICIIH,

® [IPOBEPATH IOCTOBEPHOCTH MOJICIH (BBITIOJIHITH BEPUPUKALIUIO).

B nakere peann3oBaHbI METOIbI
® MaKCHMAaJbHOTO MPAaBIOMOA00US,
e MuHuUMHU3auKU ommOku nporuosa (PEM - prediction-error minimization),
® CHUCTEeMHOH MICHTU(UKAIIUH TOJIMHOKECTBA U JIp.

CpencTBaMu makeTa MOKHO OLICHUBATh HETMHEWHBIC TUHAMHYCCKUE MOICITH
e XammepcraiiHa-Bunepa (Hammerstein-Weiner),
e ARX (AutoRegresive model with eXternal input (ABToPerpeccronHas mMoaenb ¢ BHEITHUM
BXOJIOM))
® C BEHBJICTHOH CETHIO,
® C IPEBOBHUIHBIM pa3JIeICHUEM
® C HEJIMHEWHOW CHTMOHJAJIBHOM CETHIO.



PABOTA CITAKETOM SYSTEM IDENTIFICATION TOOLBOX

HOCTpOGHI/Ie MOACIM HA4YHMHACTCA C q)OpMI/IpOBaHI/Iﬂ BXOOHBIX BOB,I[GI\/’ICTBI/II\/’I KOTOPBIC IIOJAKOTCA Ha
00BEKT U HU3MCPCHUA peaKI_II/Iﬁ (OTKJ'II/IKOB) Ha BXOAHBIC BOB,I[GfICTBPI?L 3aTem BXOAHBIC M BBIXOJHBIC
CHUI'HAJIbl H BBI6paHHa$[ U3 CIIMCKa IIaKe€Ta CTPYKTypa MUCIOJB3YHOTCA OJIsI OLCHKH 3HAYCHUM
mapamMmeTpoB MOACJIUM B COOTBCTCTBHU C IIPHUHATBIM KPUTCPHUCM KadCCTBaA. KpI/ITepI/Iﬁ Kady€CTBa
I/I,ILGHTI/I(bI/IKaI_II/II/I XapaKTepUu3yeT CTCIICHb aJICKBATHOCTU MOIACIIN O6'b€KTy B paMKaXx COIJIaCOBAaHHBIX
,I[OHyH_IeHI/Iﬁ n OFpaHH‘IGHHfI. OueHbp YacTo HCIIOJIB3YCTCA Cpe,I[HeKBa,I[paTH‘IHBIfl KpI/ITepI/Iﬁ -
OTKJIOHCHHUC OTKJIMKAa MOJCJIH OT OTKJIMKA IMPOTOTHIIA IIPHU OAHOM M TOM K€ BXOJHOM BOB,I[GI\/’ICTBI/II/I.
Onpez[eneHI/Ie AOCTOBCPHOCTU MOJCIIM Ha OJTallC BepI/I(i)I/IKaI_II/II/I TAaKKC OIPCACLICTCA CPABHCHHUCM
OTKJIMKOB AJIs1 HC3aBHCHUMbIX BOB,I[GI\/’ICTBI/II\/’I KOTOPBIC HC UCIIOJIb30BAJIMUCH IIPHU I/I,I[eHTI/I(i)I/IKaI_II/II/I.

BBO[( IKCIHEPUMCHTAJIBHBIX JTAHHBIX
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Puc. 1. HpI/IMep OKCIICPUMCHTAJIBHBIX JaHHBIX IIPOTOTUIIA MOACIIN.

3arpy3ka makera System Identification Toolbox BeimonHsieTcs uepe3 KoMaHaHYIO cTpoky MatJIAB
KOMaHOI0U
>> ident



). System Identification Tool - Untitled

File Options window Help
Import data b’ Import models hd
‘ Operations l
==
Wiarking Data
Estimate --= w
Diata Yiews Model Yiews
To Tao
Wiorkspace | LTI Viewwer
Vst Waliddation Data
Compiling ...

Puc. 2. [luanorosoe okHo naketa System Identification Toolbox.

JlaHHbIE BpEMEHHOW HMJIM YaCTOTHOW 0oOyacTeil 3arpykaroTcs u3 pabouero mpoctpanctBa MatJIAB.
JlaHHBIE MOCTABISIOTCS JTMOO MacCHBaMU (aMIUIMTY]T WJIM 4acToT) Tubo oobekramu kiacca IDDATA

(Time Domain) unu (Freq Domain).

Jl1st 3arpy3Ku BXOAHBIX U BBIXOJHBIX JTAHHBIX HEOOX0IMMO BbIOpaTh THM HaHHBIX (Time domain, Freq

domain, Object), BBecTH UMEHA U TTApaMETPhI JaHHBIX.

<} System Identification Tool - Lintitled

File Options Window  Help
Import data <} Import Data E|®
Impor data
- / Data Format for Signals Input Properties
Freq. domain data... g o InterSamnle: I
| 5 v [ v
Dt okiect... ' Time-Domain Signals | ; Izoh |
Example. . Period: finf
Workspace Variable Channel Hames
Imfput: ] Input: valve
Ot | Cutput: |demh |
Diata Viewws
1 Time phot Data Information Physical Units of Variables
[ ] Dsta spectra Diata name: ] Irpt: | |
] Frequency function Starting time | Output: |
Sampling interval:
Hotes
| Y '
[ Impiort ] l Reset J
[ Cloge Ji] Help | ol

Puc. 3. I/IMHOPT OKCIICPUMCHTAJIbHBIX JaHHBIX.




Komannoii

>> advice(mydata) MO>KHO TOJIYYUTh HHPOPMAIHUIO O Ka4eCTBE JTaHHBIX.

MOXHO YBUAETh BpPEMEHHBIC, CIEKTPAJbHBIE W YACTOTHBIE TpadUKH JaHHBIX €CIH YCTaHOBHUTH
cooTBeTCcTBYIOIIME (priaxkku mosst Data View.

) Time Plot: valve-=depth Q@E\ ) Data Spectra: valve->depth Q@E\ ) Frequency Function Data: valve->d... Q@E\

Fil=  ©Options  Style Channel Help  Experiment File oOptions Style Channel Help Expetiment Fil=  ©Options  Style  Channel Help

Input and output signals " Feriodogram a
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Data Views

vahie
=
o

valve
=

=}

Phase (degrees)

Frequency function

Puc. 4. q)OpMaTBI 0T06pa)K€HI/I$I OKCIICPUMCHTAJIBHBIX JTaHHBIX.

Mo3xHO HUMIIOPTHUPOBATHL 10 8 0J10KOB JaHHBIX. HCH}’)KHBIC HUMIIOPTUPOBAHHBIC JAaHHBIC MOXHO
YAAIUTD IIEPCHECA UX B KOP3UHY trash.

IIpeaBapuresibHast 00pad0TKA IKCIIEPUMEHTATBHBIX JAHHBIX

[Mpu HEOOXOAMMOCTH MOKHO BBINIOJHUTH TPEIBAPUTEIIBHYI0 00pa0OTKy MaHHBIX ((PUIBTPAIHIO B
BBIOPAaHHOM JMara3oHe, yJAICHHEe CMEIICHUs, M3MCHEHHs JUara30Ha JaHHBIX, U Jp.) KOMaHIaMH
pasnena Preprocess (Puc. 5).

Import data v
‘ Operations

=-- Preprocess

mydata mydata_1

Select channels. .
Select experiments ...
Merge experiments...
Select range. ..
Remove means
Remove trends
Fitter...
Data Yiews Resample...

Tranzform data...

[ Time plet Guick start

[ Dats spectra

Puc. 5. Criucok pexxuMoB NpeIBAPUTEIBHON 00pabOTKU IKCIIEPUMEHTAIBHBIX JTaHHBIX.

[lepen npeaBaputenbHO 00pabOTKM JaHHBIE pasznena import data HEOOXOAMMO MEPEMECTUTH B 30HY
Working Data.



Import data b
* Cperations

=-- Preprocess b

f

myclata mydata 1

mydatad mydatad
b i —

\ mydatae
— | Wiorking Cats
mydatae

Pesynbrarel mpenBapurenbHoit 00paboTku (Puc. 6) momagmaror B OkHa pasmena import data
ABTOMATHUYECKH WJIU MOCJIC HAXKaTUs Ha KiaBury Insert.

File Options Style Channel Help File Options Style Channel Help File Options Style Channel Help Experiment
o Periodagram Input and output signals Input and autput signals
10 Range (radiz) 4 4
Time span:
0.045243 5275 2 i
E . = 39.583 126.25 £
= 10 . a2 7 =3
P [ S | g 20 W
Samples: 7]
o Pass band ¥
10 0 346 1264 -2
Data name:
10 Data name:
10 mydsta_1f 1.5 1
mycatae
I x ! @
[z 10 = 50
F £ s z
s [ meven 0 _ -
10° 10° 107 0 s0 100 180 0 a0 ) 100 150
Frequency (radis) Time Time
Fitered data spectra shown. Press Insert to sccept. Press Inzert to accept marked data set

Puc. 6. BapuanTs! npeiBapuTeIbHOM 00paOb0TKH SKCTICPUMEHTAILHBIX JaHHBIX.

Haxo:xneHue moaxoasimie CTPYKTYPbI MOJIEJIM M €€ MOPAIKA

AnroputMmsl pazaena Estimate mO3BOJSIOT HANTH CBA3b MEX]y OPUTHHAIBHBIMH U 00padOTaHHBIMU
BBIXO/IHBIMH U BXOJHBIMU JIaHHBIMU (001actu Working Data).

Import data v Import models e

‘ ndsd P1D arxddl
o
sp100 Lu!

spad arxos nds2

Tranzfer Function Models
State Space Models...
Process Models...
Polynominal Models...
Monlinear Models...
Spectrsl Models...
Correlation Models...
Guick Start

Puc. 7. BeiOop CTpyKTYpbI MOJEIH ISl HACHTUPUKALIH.



[Maker System Identification Toolbox paboTaet co cienyrmuUMu CTpyKTypaMu Moaenei (cm. Puc. 7):

B(s) bys" +bs"" +...+b
= - " (HeTmpephIBHA )
A(s) ays"+as" +...+a,

e Transfer Functions

B b,z" +b, 2" +...+h

(2) _ bz % — O (mUCKpeTHAs)
A(z) a,z"+a, z" +...+q,
xnew = Ax + Bu + Ke;

e State Space
y=Cx+Du+e

K(+Tzs) Kexp(-Tds) K)
(1+7Tpls) ~  (1+7Tpls) s(1+1Ipls)

e Process Models

¢ Polynomial and State Space Models Ay=Bu+e; Ay=Bu+Ce; y= [B/F]u +e;
xnew = Ax + Bu + Ke;

y:[B/F]u+[C/D]e; y=Cx+Du+e

Cutpits () egressors H redicted.
. o LT, A3, 010, Outputs ()
e Nonlinear ARX Models Linear Biock
U P : - 1
. . . Input Monlinearity }—>| Linear Block l—p{Output Monlinear ity
e Nonlinear Hammerstein-Wiener Models:

e Spectral Models: ~ SPA(Blackman-Tukey); SPAFDR(Freq.dep.res.); ETFE (Smoothed Fourier Trf)

Time =pan (seconds): [-0.5 4]

. Order of whitening fiter:
e Correlation Models: 0

[TapameTpsl mosyyaeMoii MojeTH (MOPSIOK MOJEIH, KOJMYECTBO IMOJIIOCOB W HYyJEH, Haaudue
3aJIEP>KKH, U JIp. ) 33J]al0TCSl B COOTBETCTBYIOMINX JMAJIOTOBBIX OKHAX IMPH BhIOOpe peskuma Estimation
(cm. Puc. 7). MoOXHO 3anpocHuTh MOJIEIIH, HAIPUMEP, C PA3HBIM YKCJIOM TIOJIOCOB U HyJIeH, U BHIOpaTh
U3 HUX MOJIENIb ¢ HauOOJIbIIEH TOCTOBEPHOCTHIO (cM. pasznmen “IIpoBepka mocToBepHOCTH MojaenH’
HIWDKE).

[TapameTpsl MOJy4EHHOH MOJIEIH MOXKHO 3aIpPOCHThH IMOCJE WACHTU(PUKANUU ABAXKIBl HICIKHYB Ha
6moxe 30HbI import models (Puc. 2), Hampumep, BOT Tak BBIMJIAIUT OKHO OTHCAHUS MEPEeNaTOYHOM
(GYHKLINN MOJIEIH:



) Dataimaodel Info: i1 g@@|

hiodel name: 1
Color: [0,0,1]
From input "walwve" to output "depth": ~

0.3Ec = + 0.01874

=2 + 0.1765 = + 0.006176

Name: tfl

Parameterization:

v

e me =S ome o

< >

Wominee =8 oeilocs @

Diary and Motes

lI Present ]] [ Close ] [ Help ]

Puc. 8. [Ipumep pesynbrata uaeHTUGUKALUN: MOEIN HENPEPHIBHOW CUCTEMBI B BUJE NMEPEIATOUHOM
byHKLIUY.

Komanna Present okna moaenu (Puc. 8) pacneuarsiBaeT onrcanue Mojenu B okHe komana MatJIAB:
tf1 =

From input "valve" to output "depth":
(0.356 +/-0.1265) s + (0.01874 +/-0.7712)

§"2 +(0.1765 +/- 2.226) s + (0.006176 +/- 0.2537)

Name: tf1
Parameterization:
Number of poles: 2 Number of zeros: 1
Number of free coefficients: 4
Use "tfdata", "getpvec”, "getcov" for parameters and their uncertainties.

Status:
Termination condition: Maximum number of iterations reached.
Number of iterations: 20, Number of function evaluations: 204

Estimated using TFEST on time domain data "mydata".
Fit to estimation data: 23.28% (simulation focus)

FPE: 0.1984, MSE: 0.191

More information in model's "Report" property.

Monenu, HaliieHHbIe B pasaene Estimate, MOKHO CpaBHHTH 10 MX PEAKIIMH, PACTIONIOKECHHIO HYJIeH U

noocoB W jap. mapametpam. Jlns storo B cekumu Model Views HeoOX0auMO yCTaHOBUTH
COOTBETCTBYIOIIHE (PIIAKKH.

Model Views
todel outout Transient resp Monlinesr &R
Modlel resics Fregquency resp Hamm-Miener
Zeros and poles

Moise spectrum



3amyck Mmowicka MoJeNieil U MOCTPOSHUE CPABHUTEIBHBIX TPAUKOB MOYKHO TOJYYHUTh U 10 KOMAaHJE
Estimate > Quick Start.

) Model Output: depth [E)EEX] § - Residual Analysis: vaive->depth [E)E)X] | -» Transient Response: valve->depth  [= B[] | < Frequency Function: valve->depth  [2][5][X]

File Options Style Channel Help Experiment Ele Options Style Channel Help File Options Style Channel Help File Options Style Channel Help

Measured and simulated model output Frequency response
= Step Response a yresp

Autacorrelation of residuals for output depth A0
1

Best Fits
. 3 @
It 45.01 o ﬂuﬂmh
ES
D 1 st 3208 i) ee— WMW 0 2 A‘%
)| 7 : e
4 5
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=
] S —
! 15 =
& -1000
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etk 0gks =20 -2000
20 40 G0 80 100 120 140 -20 -10 a 10 20 i} 200 400 GO0 107
Tirme Samples Time Frequency (radis)
Ha ol output for SPA models. Mo plot for CRA and SPA models Mo transiert response for SPA model Ho frequency responss for Impulse Response model
" . —T— N —
) Zeros and Poles: valve->depth: ) |Noise Spectrum: depth EEX 2 "“"’“"w"" EIE
== — = =TS
Ele Options style Channel Help File Options Style Channel Help [ ———— 5
Qulput epi
Poles (g and Zeros (o) : Power Spectrum 3
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o e & = i
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Ho plot for CRA and SPA models Mo spectrum for IMPULSE RESPONSE model Input to nanincarty at input Vabe'

Puc. 9. Bapuantel (Model Views) oToOpaskeHUsI XapaKTEPUCTUK MOJCIICH.

[Tpun momoum LTI Viewer (mpocmotpoBumka) okHa System Identification Tool moxxHO yBUIETBH
XapaKTEePUCTUKH JTMHEUHOW MOJEIIN:

® pEaklUH Ha CTYNEHYATOEe U UMITYJIbLCHOE BO3ACHCTBUS,

®  aMIUTMTYAHO-(pa30BbIC YACTOTHBIC XapaAKTEPUCTHUKH,

® pacrpeeseHUe OJIKCOB U HYJIEH,

e uap.

) System Identification Tool: LTI Viewer
Fle Edit Window Help

0 %S E

Step Responss
From: ul To: y1
T

10 T T T

Step R
Systems ¥ | v Impulse
» Characteristics ¥ |  Linear Simulation
E Grid Initial Condition
5 = Normalize Bods
v Full Yiew Bode Magnitude
Fropertiss ... hyuist
Hichals

Singular Value
Pole/Zero
1J0 Pole/Zera

\ \ \ \ \ |
0 50 100 150 200 250 300 350 400
Titne: (ssconds)

LTI viewer

Puc. 10. OTKIMKY pa3HBIX MOJIENEH MOJTy4YeHHBIE IIEPEHOCOM JTaHHBIX U3 30HBI import models B OKHO
To LTI Viewer.

To
LTI Yiesver

JlaHHBIE MPOCMOTPOBIIMKY MEPEAAIOTCS U3 30HBI import models uepe3 okHO




IIpoBepka 10CTOBEPHOCTH MOJETH

System Identification Toolbox momoraer mpoBepuTh JOCTOBEPHOCTH MOJIyUYEHHBIX MOJENCH IMyTeM
CpPaBHEHHUSl OTKJIMKAa MOJEIM W pPEAIbHOW CHUCTEeMBl Ha OJHO M TO € OKCIEPUMEHTAIBHOE
BozaeicTBHe. Takke MOXKHO MOCTPOUTH TpapuK PacCcOTIACOBAHUS MEXKIY OTKIMKAMH, PAacCUUTATh
OMOKY, U3MEHUTH TPAHUIIBI JOBEPUTEIHLHOTO HHTEPBAJa, U T.1.

Jlnst ompenenieHusl TOCTOBEPHOCTH HEOOXOIHMMO MEPEHECTH HE3aBHCHUMBIM HA0Op JAHHBIX U3 30HBI
import data B 30Hy Validation data, BemosHuTh Estimation, u mpoCTpOUTh BbIOEPOM rpaduK OTKIMKA
mozenu (Model Views). Ha oxne rpaduka oTkimka mojenu OyAeT NPUCYTCTBOBATh M OTKIIMK
MPOTOTHIIA.

) System Identification Tool - Untitled Q@El ) Model Output: y1 g@&l

File  Opti Window  Hel
o= S e s File Options Style Channel Help Experiment

Import data Impart models b
Operations

. Preprocess & 1
m dma i datae 11
@ ‘

hMeasured and simulated model output

Best Fits
It 23.72

I:l |:| WELTEEER ‘ H H ‘ ‘
|:||:| Estimate --= 4 ‘ H H H

Data Wiews Mocel Wiews 1

To
[ Time piot [Workspace | |LTI VIEWE" {[] model output [ Transiert resp

D Data spectra D Model resids D Frequency resp

Pl O 50 100 150 200 250
mydata [ Moise spectrum Time

WEERD Validation Data
The character = not & valid hotkey

|:| Frequency function

Puc. 11. Cxema u pesynbsrat Banmuaanuu (Validation).

OT06pa)K€HI/I€ APYTrux CPaBHUTCIIBHBIX XapaKTEPUCTHUK MOKHO BBITIOJTHUTH KaK ITOKa3aHO Ha Puc. 9.

Oro0pa:xkenue mogesm cpencrsamu MatJIAB u Simulink

To
Jlannbie 30H import data m model data MOKHO B BHJE 0OBEKTA IEpeiaTh Yepe3 OKHO L] p
paGouyro 300y MatJIAB. Komanga > get() packpslBaeT CTpyKTypy 00beKTa. BXOIHbBIE M BBHIXOIHBIE

CUTHAJIBI 00BEKTa 30HBI import data BRIIEISIOTCS KOMaHIaMH

> amplIn = get(mydatae, 'InputData’),

> ampOut = get(mydatae, 'OutputData’), rme mydatae — ums oObekTa, MEepenaHHOTO B
Workspace. BpemeHHOW HHTEpBaT JaHHBIX

> Ts = get(mydatae, 'Ts');

[Tapametpsr oObekTa 30HBI model data, Hampumep, nepenatouHou ¢ynHkuuu tfl (ducnuTens u
3HAMEHATEJIb) MOYKHO TOJIyYUTh KOMaHIaMH

> num = get(tfl,'num’);
> den = get(tfl,'den");



Monenb pe3ynbTara uACHTHU(GUKAIMHA MOKHO BKJIFOUUTH B OKHO Mozenu Simulink uepe3 610k idmodel
pasgemna Simulink Library Browser > Libraries > System Identification Toolbox, Hanpumep

J | FIDE —f hodel b—.

Step PID Controller ldmodel Scope

Puc. 12. Monens ynpasnenus ¢ Moaenbio (idmodel) peanbHO# crcTeMBI.

[TapameTtpsr Mogenu BBoasTCs B 610k idmodel cienyromumu popmaramu: idpoly, idss, idarx, idgrey,

B(s) bys" +bs"" +...+b,
= 3aziaeTcs

A(s)  ays" +as" +...+a,

kak idtf(koad. yucimrens, kos¢. 3HAMEHaTes1), a TUCKpeTHas nepenarounas ¢yHkius: idtf(kosd.

YUCIIUTEIISA, K02(. 3HAMEHATEs, HHTEPBAJI BPEMEHH )

idproc, idft. Hampumep, HenpepbiBHas nepenaTodHast pyHKIus

CpaBHUTH pEaKIMIO MOJYYCHHON MOJENIH C SKCIIEPUMEHTAIbHBIMEU 3HaueHus MU B Simulink MosxHO,
HaIrpuMep, CPeACTBAMH CIEAYIOIIEH MOJEIIH

From Workspace1

ampInModel
Idmodel
idtf(num,den) —}I > .
Scope

Puc. 13. Cxema cpaBHEHUS OTKJIMKOB MPOTOTUIIA U €T0 MOJIEIIH.

ampOutModel
From Workspace

B KOTOpOi Qopmar HKCIEPUMEHTAIBHBIX JaHHBIX 30HBI import data OKHA WISHTH(PHUKAIH
np606p3303aH JJIs1 BBOAA B MOJICJIb CIICAYHOIIIUM KOOOM.

ampIn = get (mydatae, 'InputData');

ampOut = get (mydatae, 'OutputData');

Ts = get (mydatae, 'Ts'");

time = ((0:length (ampIn)-1)*0.1)"';
ampInModel = [time, ampIn];
ampOutModel = [time, ampOut];

MHOPAAOK BBIIIOJTHEHUS PABOTbBI

Jlnisi BBITIOJIHEHUST dTanoB uaeHTU(UKanMu mnpu momom makera System Identification Toolbox
HeoOxoaumo co3aark B Simulink BupTyanbHbIE 00BEKT KOTOPBIM OyIET paccMaTpUBATHCS Kak
pealbHBI 00BEKT NACHTU(DUKALUN C HEU3BECTHBIMU MTApaMETPAMHU.

3aganue 1. [Toctpoenue BUPTYyaIbHOTO OOBEKTA.

1.  Tloctpoiite B Simulink BupTyanpHyt0 cUCTeMy NpOTEKaHUs XHIKOCTH (cM. Puc. 14)uepes3 aBa
pesepByapa (Tank 1 u Tank 2). Bxogom cuctemsl siBnsietcst cedeHue kpana (Valve pos) —



KoopauHata u(t), a BBIXOJOM — YpPOBEHb HIDKHErO pesepByapa, y(t). BeIxogHOl moTok u3
pe3epByapa NponopLUUOHAJIEH KOPHIO KBaIpaTHOMY OT YPOBHS KUJKOCTH B pe3€pByape.

Valve_pos H'-l'[t]' Flow_in

:Eli //Ievel 1

Tank 1

Flow_out_1

—

Tank 2 level 2
v(t)

TFlow_out_2

Puc. 14. [Iporotun cucteMs! 171 HACHTH()UKAITAH.

Dizcrete-Time

- Integrator - P=1e-5
K1=0.3731 K2=0.234 Band-Limited

K T= o . White Noize
Flow_in T = q | lewel 1T sartuct To iatkspace
In ry

Fainz Fen

K3=1.9094

Flow_cut T b
ot
Zain ""\:_,J'
K4=0.0856
From
K Ts - Makspace
: ez ™ Eqrifui 1)
Flow_oort2 Tk
K5=4.9485

Puc. 15. Bupryanbnas moaens nporotumna (Puc. 14).
3arpy3ute B pabouyro 30HY JaHHBIE BBIXO/A Y ¥ BXoja u mojenu MatJIAb
> load twotankdata

[MoaxmouunTe 3arpyxennble nanHble K Mojenu (Puc. 15). BpemenHo# natepBan qanabix: 0.2
CEK.

time = ((0:length(u)-1)*0.2)"';

t = time;
yout = y;
u tst = [time, u];

y tst = [time, y];



# Configuration Parameters; twot/Configuration (Active)

Select: Load frorm workspace

rSolver ' Input; [t u]]
{Data Import/Export

+-Optirnization [ mitial state: | xdnitial
£-Diagnostics

Save to workspace

-Hardware Implementst,..
~Model Referencing
+-Simulation Target
+-Code Generation
+-HDL Code Generation

Time, State, Output
Time: tout

y [ States: ot

Cutput: \,rDut]

Puc. 16. Hactpoiika kondurypamuu monenu: [lonkmouenne moptoB Inl u Outl nns BbImOJHEHUS
(mpu HEOOXOIMMOCTH) TIOUCKA TTAPAMETPOB MOJIEJIM C OTKIMKOM Y(t) Ha BXOHOE BO3eiicTBHE U(t).

4.  3amycTHTe MOJEb U CPABHUTE OTKIIUK MOJENH C Y(t).

100 200 300 400

Puc. 17. Bxon monenu, u(t) — Bepxauii rpaduk. OTkiuk Moaenu (3kenteiit rpaduk) u y(t) — HIKHUE
rpad UK.



3apanue 2. [IpenBaputenvHas oOpaOoTKa MAHHBIX M WACHTU(UKALNUS CTPYKTYPhl MOJEIH H €e

napaMeTpoB.

HCHOJ’IBByﬁTG BOB,Z[CfICTBPIG 1 OTKJIMK BUPTYaJIbHOT'O MPOTOTHIIA NOJYYCHHBIC B IPCABLAYILIEM 3alaHUN
KaK OKCIICPUMCHTAJIbHBIC TaHHBIC peanLHoﬁ CHCTEMBI IJIA €€ I/I,Z[GHTI/I(i)I/IKaI_II/II/I.

1. Yepe3 komaHaHyo cTpoKy 3arpys3ute System Identification Toolbox (Puc. 2)
> load ident

2. Beeaute curnanbl u u'y (cm. Puc. 3) Ykaxure Hauansnoe Bpemsi () u uatepsain 0.2.

EX]

4 System Identification Tool - Untitled

File Cptions ‘Window Help Data Format for Signals
(:Import data v . |Tir‘i\e-Domain Signals v|
Impart data Operations
e ——
Diats object ... \}%kspace Variable
Example. .. 1 Input:
|| == Cutpaut:
Wiorking Data \\
; Data Information
Estimate --= A Dita name:
Diata Wiewes o o foclel Wisws Starting time:
(Wiorkspace | | LTI Wiewwer Sampling interval:
Exit ] q‘,—'mw’f—\b [ FResst |
UG Yalication Data C o | [ rel ]
Enter input and output variable names. g8 =ty

) System Identification Tool - Untitled

File Options  indow  Help
Import data Import models b
Operations ;
|<-- Preprocess hd
myclata 1.
= mydata
Wiorking Data
Estimate --= hd
Data Views todel Views
To To
[ Time plot Waorkspace | LTI Wiewer
[ pats spectra
[ Freguency function ]
mydata
e “alickation Data
Diata set mydata inserted. Double click on icon Cright mouse) for text information.

Puc. 18. OxHO BBO/1a 3KCIICPUMEHTAIBLHBIX JTAHHBIX (U U Y).



3. Ybenutech, YTO BBEACHBI MPABUIIbHBIC JAaHHBIE - TOCTPOTE Tpaduku naHHBIX (cM. Puc. 4).
4. Tlpu HE0OXOIMMOCTH BBITIOJIHUTE MPEABAPUTENbHYI0 00paboTKy naHHbIX (cM. Puc. 5 u Puc. 6).

5. Beibepute ctpykTypy Moaenu uneHTudukanuu, Hanpumep, ARMAX (Puc. 7, Puc. 19) u BBenute
ee mapameTpsl [na nb nc nk].

J Polynomial and State Space Models g@g|

Structure: AR [ma nk nc nk]

Orders: [2221]
Ejuation: Ay =Bu+Ce
hethod: Prediction error method

Domain: @ Discrete (0.2 seconds)

|:| Add noize integration ("ARMAX" model)

Input delay: 0

Mame: amx222

Facus: Prediction | Initial state: Auta w

Dizt moclel:  Estimate Covariance: E=timate w

‘ |:| Display progress Stop terations ‘

[ keration Optionz... ] [ Qrder Editor. .. ] ‘

[ Estimte | [ cwos==e | [ Hep |

Puc. 19. OknHo BBOs12 mapameTpoB Mojaean ARMAX. Uucno nomocoB, 4ucio HoJeH mitoc 1; aucio
K02 PHUITMEHTOB U 3a/iepKKa CUCTeMbl: na=2,nb=2,nc=2,nk=1;[22 2 1].

e(n)

C(a)

u(n) 1 ym)
— B(q) —_——

A@)

Puc. 20. [TormaomMuansHoe npeactaBienrne ARMAX monaenu



Crpyktypa ARMAX monenu:
y@O+ayt-D+..+a, yt—n,)=bu(t—n)+.+b, ult—n, —n,+1)+
ce(t—D+..+c, e(t—n)+e(t)

B xommnakTHO# opme:

A(@)y(@) = B(g)u(t —n,) + C(q)e(?),

rae y(f) - BBIXOA B MOMEHT BPEMEHH t; 71, - YUCIIO THOJIIOCOB; 7,- YUCIO HOJEH mmoc 1; 7, -
qrcio C K03 PUIUEHTOB; 7, - YHCIIO TaKTOB MPOX0Ja BXOIHOTO CUTHAJIA Ha BBIXO (3aJepiKKa
cuctemsl); y(t—1)...y(t —n,) - IpeabIIyIINEe BBIXOABI OT KOTOPBIX 3aBHCHT TEKYIIMH BBIXOJ;
u(t—n,)..u(t—n, —n, +1)- npenprymue BXOAbl OT KOTOPBIX 3aBUCHT TEKYLIHH BBIXOJ;

e(t—1)+...+c, e(f—n,)- 3HaueHUe GeJIOro WyMa.

[TapameTpsl n,, n,u n, - nopsaku ARMAX monenn, n, - 3aepxKa, q — OIepaTop 3aICpiKKH.
AlQ)=1+aq " +.+ a,q "
B(q)=b,+b,q”' +..+4b, g""
C(g)=1+c,g”" +..+ a,q "

6. Haxartmem Ha KJIaBUITYy 3aIyCTUTEC IIPOLECC I/I,I[eHTI/I(I)I/IKaHI/II/I mapamMecTpOB

BBI6paHHOI>’I CTPYKTYPblI MOJCJIH II0 IOKCIICPUMCHTAJIbHBIM 3HAYCHUAM PCAKIIUU U BOB,I[CfICTBH?[
MNpOTOTUIIA CUCTCMBI.

7. BBIBC,I[I/ITC SHAQUYCHUA ITapaMCTpOB MOJIACIIMU - PE3YJIbTAaTbl I/I,I[eHTI/I(l)I/IKaHI/II/I B OKH€ KOMaHJ H

Workspace.
) Data/model Info: amx2221 =13

Model name: amx2221

Colar: 0,011

Discrete-time APFMAX model: Adz)yit) = Biz)uit) + Ciz)eit) -~
Aizy = 1 - 1.968 z~-1 + 0_.9687 =z"-2

B{z) = 0.000423% z"~-1 - 0.0003386 =z"-Z

Ciz} =1 - 1.611 =z"-1 + D.6638 z"-Z v
< >

Diary and Motes

% Import wydata
Opt = armaxOptions;
amx??7] = armax (mydata,[2 2 2 1], Opt) >

{ Present ]] [ Cloze ] [ Help ]

Puc. 21. [Nonyyenue mHpOpMAIMK ABOWHBIM HICTYKOM IO COOTBETCTBYIOIIEMY ITOJIO 30HBI
Import models.



BrIBOA B OKHE KOMaH/I:
amx2221 =
Discrete-time ARMAX model: A(z)y(t) = B(z)u(t) + C(z)e(t)
A(z) = 1-1.968 (+/-0.003824) z*-1 + 0.9687 (+/- 0.003765) z*-2

B(z) = 0.0004239 (+/- 6.504e-05) 21 - 0.0003886 (+/- 6.639¢-05) z*
2

C(z) = 1-1.611 (+/-0.0136) 2’1 + 0.6698 (+/- 0.01346) -2

Name: amx2221
Sample time: 0.2 seconds

Parameterization:
Polynomial orders: na=2 nb=2 nc=2 nk=1
Number of free coefficients: 6
Use "polydata”, "getpvec", "getcov" for parameters and their uncertainties.

Status:
Termination condition: Near (local) minimum, (norm(g) < tol).
Number of iterations: 8, Number of function evaluations: 20

Estimated using POLYEST on time domain data "mydata".
Fit to estimation data: 96.65% (prediction focus)

FPE: 3.867e-05, MSE: 3.844e-05

More information in model's "Report" property.

& Variable Editor  amx2221 PE— —
U | b d‘f - | 4| | Stack: Hase .. plot{amx2221.a) hd HOB®® ||:|| 2 x| B T = =2 | Stack: bode
(@] amxzz21 «1x1 idpoke> Yalue

Property - Min Ma Y .. <Lzl idpaly=
EEE] -1eere 1 ~ i:!ans tl
Hb 388, 4.239.., g | I oot v J
. Wann A e <3000x1 double
=P : : ; H time 230001 daubles
iEi f 1 1 1 Hu £3000:1 doubles
e ariable T 1 u_tst 30002 double>
E ioDelay 0 a a oy £3000:1 double=
V] Interatetioise & = m_‘ y kst 300032 double
At ]
Iﬂ Skructure «1x1 pmodel. polynarmial > {1 vout onnnxTidathles
:E MoiseVariance 3.8519e-05 3.851... 3.851..
1| Repart =1x1 idresults. polyest>
jj InputDelay o o o
1 OutputDelay i} ] i] v

Puc. 22. Packpeitue amx2221 cTpykTypbl paboueii 0061acTH.



8. Otobpasute rpaduku cTpykTypsl Workspace amx2221.

Bode Diagram
From: u1 To: y1

-20 T T

Magnitude (dB)

-80 L] . Ll L Ll L
0
-45 J
=)
Q
°
o -90 B
I
®©
<
o
-135 -
-180 RN

10 10 10° 10 10
Frequency (rad/s)

Puc. 23. I'paduk amx2221 cTpykTypsl paboueit o6macTu.

9. Toctpoiite xapakTepuctuku mozaenu (Puc. 9, Puc. 10).

J Model Output: y1

File Options 3Style Channel Help Experiment

mMeasured and simulated model output

07
Best Fits
0.6 1 [amx2221: 646
04 1
0.4 1
03 1
0z 1
W
0.1 1
D 1 ! 1
1] 200 400 Go0 200
Time

Puc. 24. OTkiMK MOAENH U TPOTOTHUIIA.



10.I[J'I$I YBCJIIMYCHUA CXOAUMOCTH OTKJIMKOB MOJCJIN U €€ MPOTOTUIIA ITIOBTOPUTC ITYHKTBL 4..10c

JPYTUMU CTPYKTYpaMH U IapaMeTpaMHu MOJEIICH.

3anganue 3. Bepudukaps Mmoaenu.

I[J'If[ MMPOBEPKU aACKBATHOCTU MOACIN TPOTOTUITY HeO6XO,I[I/IMO BBITIOJIHUTB IIPOLCAYPY BepI/I(bI/IKaI_II/II/I.
Omna 3akJrouaeTcs B nmogady€ Ha BXO[ 00BEKTA U MOACIIN OaHHBbIX, KOTOPBIC HE HUCIIOJIB30BAJIUCH IJIA
I/I,I[eHTI/I(I)I/IKaI_II/II/I, " CpaBHCHHH OTKJIMKOB.

1.

BBeauTe He3aBUCUMBIE TAHHBIE - CUTHAJIBI KOTOPBIC HE UCIIOJIb30BAIMCH MPH HACHTH(GUKAIIMH (CM.
Puc. 3).

[lepenecute mose gaHHbIX U3 30HBI Import data B mone Validation Data.

Briremute Mmoaens B 30ue Import models u mocTpoiiTe cpaBHUTENbHBIE XapaKTEPUCTUKU MOJICIN
(cm. Puc. 9): peakniuu Ha e ITMHUYHOE CTYNIEHYATOE BO3JCHCTBIE;, YaCTOTHYIO XapaKTEPUCTHKY;

pacmpeiesieHre TOJII0COB U HyJIEH U JIp.

3ananue 4. [loctpoenue moaemu nporotumna B Simulink.

[Tycth momyuennass ARMAX moens HanmyqmmuM 00pa3oM 0ToOpakaeT MOBECHHE MPOTOTUIIA —
pEabHOM CUCTEMBI. DTY MOJIEJIb MOYKHO UHTETpUpoBaTh B Simulink uepe3 61oku Simulink Library
Browser > Libraries > System Identification Toolbox kak mokazano ua Puc. 12.

1.

HOCTpOfITG MOJCJIb MPOTOTUIIA U CPABHUTEC MCPEXOJHBIC ITPOUCCCHI MOACIIN U IIPOTOTHUIIA.

o) .
i g’

Band-Limitzd 3
ihite Noise

ol

1
Unit Delaw| —
z

Scope

Fram
Miokspace!

-2.8850e-04

4.2382e-04

-1.967925
0.062502

Unifarm Random
Number

B A
W m Manual Switch

[ata Twpe Rate
Conversion

O
k4

Transition

Puc. 25. Monens unentudukamuu npotoruna ARMAX [2221]. A(z) = 1 - 1.967925 2! +
0.968692 72 ; B(z) = 0.00042392 7' - 0.00038859 z%; C(z) = 1 - 1.6110 z' + 0.6698 7.



3ananue 5. [Iposepka s dpexruBrocTn naenTrdukanuu B cpene MATLAB R2015a.

1. Ins mpoBepku 3(h(HEKTUBHOCTH HUACHTH(OUKAIMKA — HAXOXKICHUS TMEPelaTOuyHOl (YHKIUH IO
M3BECTHON pEaKIMd M BXOJHOMY BO3JCHCTBUIO OyAE€M HCIOJB30BaTh 3apaHee BBIYUCICHHBIC
PEaKIMIO U BO3ACHCTBUE U3BECTHOM CTPYKTYpHI. 15 aTOrO

1.1. ITocTpoiiTe CcleayOIIyI0 MOJENb B BHUIE NMEPEAATOUYHON (DYHKIIMM BTOPOTO MOpSIKAa B Cpeie
Simulink.

1 L ! o]
015240 055+1
Constant Transfer Fcn Scopel
@ Configuration Parameters: ref_model/Configuration (Active) o = fle=| ﬂ
Soleck: | —Simulation tim sl
. Data Impor/Bxport Start time: [ 0.0] Stop time: |2
#-Optimization .
# Diagnostics — Salver options
+ Hardware Implementation .
- Model Referencing Typa: |F|xed—step j Solver: IodeE (Bogacki-Shampine) j —
E} Simulation Target . : X
& Code Generation Fixed-step size (fundamental sample time): |1273
[ HOL Code Generation
~Tasking and sample time options
Periodic sample time constraint: |Unconstra|ned ;I
Tasking mode for periodic sample times: |Aut0 j
[~ Automatically handle rate transition for data transfer
™ Higher priority value indicates higher task priority
LS|
\} oK | Cancel | Help | Anply |

1.2. [lopaiite cnenyroniee BO3IEWCTBHE HA BXOJ MOJEIM M BBIUUCIUTE PEAKLUMI0O HA BXOJHOE
Bo3seiicTBre. CoxpaHHuTe BO3/IecTBHE U peakiuio B Workspace.

L [F3
e =
==
: M
Repestig o i Trars fion I—
Sequence
Stai 1
> ! >
0152+0.05s+1 Scope

Transfer Fen



& source Block Parameters: Repeating Sequence Stair

Repeating Sequence Stair (mask) (link)
(Discrete time sequence is output, then repeated.

Main | Signal Attributes |
Vector of output values:

(3111 422210-124122].

Sample time:

[0.05

Cancel |

9 -

Help |

Apply |

| Function Block Parameters: Rate Transitionl x|

 RateTransition

Handle transfer of data between ports operating at different rates. Configuration
options allow you to trade off transfer delay and code efficiency for safety and
determinism of data transfer. The default configuration assures safe and
deterministic data transfer. The block's behavior depends on option settings
andfor the sample times of its input and output ports. Updating the block
diagram causes text on the block's icon to indicate its behavior as follows:

ZOH: Zero Order Hold

1fz: Unit Delay

Buf: Copy input to output under semaphore control
Db_buf: Copy input to output, using double buffers

Copy: Unprotected copy from input to output

MoOp: No Operation

Mixed: Expanded to multiple blocks with different behaviors

— Parameter:

¥ Ensure data integrity during data transfer

¥ Ensure deterministic data transfer (maximum delay)
Initial conditions:

Jo

Output port sample time options: |Specwfy j

Output port sample time:
|1e-3

9 ox_|

Cancel | Help | Apply |

Scope
= @

-5
0

Time offset: 0

Qi %% Qe

=10l x|

}},!

i 'Scope’ parameters

History || style

=101 x|

General

[~ Limit data points to last: IEGEE

¥ Save data to workspace

“ariable name: IsCupeData

IArray j

Format:

oK | Cancel Help | Appryl

BbIlMHCICHHYI0O pEaklui0 W BXOJHOE BO3JEHCTBHE OyleM HCIIOJIB30BaTh Uil CPaBHEHHS
3amaHHOi (B m.1) mepenaToyHOW (YHKIHMH C TEepeJaTOYHON (YHKIHEW, BBIYUCIIIEMOH IO
pEeaKuu U BXOTHOMY BO3JIEHCTBUIO J1ajiee METOJIOM UICHTH(DHUKAIINH.

2. Ucnonb3yst mony4deHHble (B 1.1) BO3AEWCTBHE M PEAKUHUI0 HAWIWUTE METOAOM HIACHTHU(PHUKAIMU
nepenaToyHyro GYHKIUIO “depHOro smmka”. J{s 3Toro

2.1. 3arpy3ute HHCTpyMeHT uiaeHTHuKamu yepe3 okHo Command Window.

> systemldentification



=10l x|

I system Identification - Untitled

File Options Window Help

j Ilmpnrt models

"’ Operations "’

[

Ilmpurt data

I{— Preprocess

Ll

=
Working Data
Estimate —= j
Data Views Model Views
To To
[T Time plot Workspace || LTI Viewer | [T Model output [T Transient resp [T Nonlinear ARX

[T Data spectra [T Model resids [ Freguency resp [T Hamm-Wiener

[T Freguency function [T Zeros and poles

= Noise spectrum

Trash

Validation Data
Compiling ...

2.2. VmmopTtupyiTe BXOJ M BBIXOJ “Hem3BecTHOM Monenu”: Import data > Time domain data.
BBenure HauanpHOe BpeMs (Starting time) u nepuo npupaiieHus BpeMenu (Sample time).

=

Data Format for Signals
ITime—Domain Signals j
A System Identification - Untitled oy ] 4 .
Sl System ldesixicaboiat} EIEl = Workspace Variable
Hle Options Window Help
I—_[ I—_I Input: IScnpeData(:,Z}
Import data B Import models -
Sl 4 Euip [scopeDatat: 3)
Time domain data
Freq. domain data. |<— Preprocess. il | || || | | |
Data object.
— 1 | || || | | |
IT = |:| Data Information
|:| I:I wmges | || || | | | pata name: II'IT)"dEtE
1 Starting time: Iu
Estimate — =
Sample time:
Data Views Model Views = 1e-3
To To
I Time plot Workspace || LTI Viewer | [T Model output = Transient resp = Monlinear ARX Nore |
N pata spectra IT Model resids | Frequency resp [T Hamm-Wiener
| Frequency function \:I [T Zeros and poles Reset |
T [T hoise spectrum
Validation Data Close | Help |
Enter input and output variable names.




System Identification - Untitled i ]
Fle Options Window Help

data - Import models Il I

Impo
l' Operations ‘l'
<— Preprocess il l | || || | | |
daf
T

=

L L] e [ ]
L L et ]

Data Views Model Views
To To
I Time plot Waorkspace || LTI Viewer I Model output I Transient resp IT Nonfinear ARX
r D:ata spectra I Model resids | Fregquency resp I Hamm-Wiener
r Frequency function m = Zeros and poles

Trash = Hoise spectrum
Validation Data
Data set mydata inserted. Double click on icon (right mouse) for text information.

¥ Time pio

2.3. IlpoBepbTe BBEAECHHBIC BXOHBIE JaHHbIE, 1JISI 3TOIO YCTAaHOBUTE (IIaXKOK .
g =T
Options  Style Channel Experiment Help
El Svstem Identification - Untitled I = Input and oulput signals
Fle Options Window Help 3
Import data B import medels- B E
] Operations o1

|« Preprocess = 0

‘Working Data 4
" 2 |\
Estimate — -
Data Views Model Views a
¥ Time pio Viewer | [T Model output T Transient resp I= Nonlinear ARX

ul

= T Hodel resids IT Frequency resp [T Hamm Wiener 2
I™ Frequency funcion I Zeros and poles 0 02 04 08 08 1 12 14 16 18 2
Trash m I~ noise spectrum ime
Validation Data

Click on data/model icons to piotiunplot curves.

2.4. Bemonnute uaentudukamnmo (Estimate > Transfer function Models).

System Identification - Untitled iy =] B
Ele Options Window Help
Ilmpnrt data - l Ilmpurt models - I
"' Operations l,
Ic_ Preprocess - l
mydata T
=
mydata
Working Data
Estimate — - l
Data Views Estimate —- Model Views

Transfer Fun

[ Time piot State Space Models... Model output [ Transient resp = noniinear ARX

I Data spectra Frocess Models... Model resids | Frequency resp [T Hamm-Wiener
Polynomial Models...

- Frequency function Nonlinear Models... [T Zeros and poles
Spectral Models... mydata = Noige spectrum
Correlation Models. .. dation Data
Refine Existing Models...
Quick Start




=

Model name; tf2 #

Mumber of poles: |2

Mumber of zeros: Il

{* Continuous-ime  {~ Discrete-time (Ts = 0.001) [~ Feedthrouch

p 1/0 Delay
. p Estimation Options

Estimate | Close | Help |

i x|

Transfer Function Identification

Estimation data: Time domain data mydata

Data has 1 outputs, 1 inputs and 2001 samples.
Humber of poles: 2, Number of zeros: 1
Initialization Method: "iv"

Estimation Progress

Initializing model parameters... ;I
Initializing using "iv" method...

done.

Initialization complete.

Nonlinear least sguares with automatically chosen line search method

Horm of First-order Improvement (%
Iteration Cost step ocptimality Expected Achieved Bisections
a 1.12876e-28 - 3.17e+lé 6.55e+29 - -
1 9.66654e-29 1.32e-12 1.34e+l8 6.55e+29 14.4 a
2 6.35457e-29 1.16e-13 1.4e+l8 7.34e+29 34.3 a
3 6.35126e-29 7T.44e-15 1.4le+l8 9.86e+29 0.052 3
4  6.35126e-29 2.91e-17 1.41e+l8  9.86e4+29  3.18e-05 11
5 6.35126e-29 1.82e-18 1.4le+l8 9.86e+29 2.53e-068 15
[ 6.35126e-29 9.1e-19 1.4le+l8 9.86e+29 1.29e-09 16
7 6.35126e-29 1.14e-189 1.4le+l8 9.86e+29 1.68e-10 19
g 6.35126e-29 2.84e-20 1.4le+l8 9.86e+29 4.01e-11 21
9 6.35126e-29 3.5%5e-21 1.4le+l8 9.86e+29 5.01e-12 24
10 6.33538e-29 1.96e-14 7.5e+17 9.86e+29 0.25 5
11 6.26846e-29 7.56e-15 g8.31e+17 9.78e+29 1.06 3
12 6.26846e-29 §.45e-19 g8.31e+17 9.83e+29 1.74e-05 16
13 6.26846e-29 2.11e-19 g8.31e+17 9.83e+29 4.35e-068 18
14 6.26846e-29 1.06e-19 g8.31e+17 9.83e+29 2.17e-068 19
15 6.26846e-29 5.28e-20 g8.31e+17 9.83e+29 1.09e-068 20
16 6.268460-29 2.64e-20 g8.31e+17 9.83e+29 5.43e-07 21
17 6.00293e-29 1.38e-14 5.33e+17 9.83e+29 4.24 5
18 5.99721e-29 1.81e-15 5.56e+17 1.04e+30 0.0852 5
19 5.9947%-29 9.03e-18 5.67e+17 1.04e+30 0.0405 [
20 5.99448e-29 1.13e-1%8 5.688e+17 1.04e+30 0.00503 9

Estimating parameter covariance...
done.

Result

Termination condition: Near (local) minimum, (norm{g) < tol).
Humber of iterations: 20, Number of function evaluations: 329

Status: Estimated using TFEST with Focus = "simulation™
Fit to estimation data: 100%, FPE: §.03043e-29

W Stop Close




2.5. TlepemecTtute mapameTpsl HaiiIeHHOW niepeaTouHol GyHnkunu B Workspace.

EQ System Identification - Untitled o [m]
File Options Window Help
IImpurt data j Ilmpurt models j
"' Operations l'
]
<— Preprocess -
mydata I £ ? J i
- mydata
‘Working Data

4
IEs-timate—: /: j

Data Views Model Views
To F i To
[ Time plot  WokgpEea [T Viewer | [ Model output [ Transient resp [T Monlinear ARX
[ Data spectra [ Model resids - Frequency resp [T Hamm-Wiener
- Freguency function ”” [ Zeros and poles
mydata .
Trash [ Noise spectrum
Walidation Data

Drag and drop on another icon.

2.6. Packpoiite CTpyKTYypy nepeaaToqHol GyHKIMH, COJepIKAIIEH mapaMeTphbl YUCIUTEIS (num) 1
3HameHaress (den).

Variables - t2 Workspace @
ScopeData i | t x|t x| Name &

(@] 1x1idtf j_j ScopeData

ey [ | |5
num [3.1541e-07 100.0000]

:E den [15.0000 100.0000]

(ovc| Variable s

- ioDelay a

@] Structure i ef

EE MoiseVariance 6.0125e-32

& Report IxI tfest

E InputDelay 0

:E OutputDelay 0

s 0

fsve| Timebinit ‘seconds’

E InputName Infcel

E Inputlnit Ixicel

f‘ InputGroup Ixistuct

|1}] Cutputiame Ixical

{1}] Outputnit Ini el

i—‘ QutputGroup Ix 1 struct

0] Name ‘tf2

((}] Notes Ixfcel

EE] UserData IF

£| SamplingGrid Ixi struct

3. BBenuTe moy4eHHYI0 neperarounyr GyHkuuo (1. 2.6.) ¢ mapameTpaMu YuciauTes (hum) U
3Hamenaresns (den) B Simulink. CpaBHHTE peakIuy UCXOIHOU nepenaTouHoi ¢pyHkuuu (n.1.) u
nepenaToyHor GyHKIIUH, IOTYYEeHHONH METOI0M HaeHTUUKauu (1. 2.6.).
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3.1541e07s+100
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Transfer Fonl
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4. C;[enaﬁTe BBIBO/ 10 pE3yJibTaTaM CPABHCHHMUSI.

KOHTPOJIBHBIE BOITPOCBHI

1. HazoBwure nenu u 3a1a4u UASHTH(DUKAITIH.

JlaiiTe OLIEHKY TeXHOJIOTUU KOMITBIOTEpHOH uaeHTH(uKanuu B cpene MatJIAB.
Cpasuute naentudukanmto ¢ ontumusanueit B MatJIAB.

Kakum 06pazom 3amaercst CTpyKTypa MoieH uaeHTu(uKkanumn?

Kax ONpCaACHICTCA IOTPCITHOCTD I/I,I[eHTI/I(bI/IKaLII/II/I?

A

Yto Takoe BepI/I(bI/IKaLII/IH 1 9Y€M OHA OTIHUYAaCTCA OT TeCTI/IpOBaHI/Iﬂ?

BUBJIMOTPA®UYECKUN CIMCOK

1. Help MatLAB
2. Dr. Bob Davidov. KomnbeloTepHbIE TEXHOJIOTUM YIPABJICHUS B TEXHHYECKUX
http://portalnp.ru/author/bobdavidov

CHUCTCMax



