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ESTIMATION OF LINEAR IDENTIFICATION OF MODELS
OF DRY ELECTRICAL FILTER

Abstract. The aim of this paper is to estimate linear identification of dry electrical filter workflow process. This
interest is due to the ability of providing accurate state-space models for multivariable linear systems directly from
input-output data. The methods have their origin in classical state-space realization theory as developed in Matlab
Ident tool application. The results show parameters of object. Given models are used for comparing different algo-
rithms. The approach based on a linear model for performing errors with respect to prediction methods is established.

Keywords: system identification, work flow, Matlab ident tool, dry electrical filter, state-space, linear model.

Introduction. System identification is generally the art of mathematical modeling, given input-output
measurements from a dynamical system. The problem is of interest in a variety of applications, ranging
from work flow process simulation and control of identification of dry electrical filters. In the classical
system, the problem of the input identification (the control signal) is known exactly, whereas the output
signal may be corrupted by additive noise. The process can also have external unmeasurable inputs.

Estimating Linear Models Using Quick Start. The main aim is to estimate and validate simple,
continuous-time transfer functions from multi-input/single-output (MISO) data to find the one that best
describes the dynamics of the system [1-5].

Continuous-time process models are low-order transfer functions that describe the dynamics of the
system using static gain, a time delay before the system output responds to the input, and characteristic
time constants associated with poles and zeros. Such models are popular in the industry and are often used
for tuning PID controllers. Parameters of process model have physical significance [6-11].

We specify different process model structures by varying the number of poles, adding an integrator or
including a time delay or zero. The highest process model order you can specify in this toolbox is three,
and the poles can be real or complex (underdamped modes).

In general, a linear system is characterized by a transfer function G, which is an operator that takes
the input and to the output y:

y=Gu (1)

For a continuous-time system, G relates the Laplace transforms of the input U(s) and the output Y(s),
as follows:

Y(s) = G(s)U (s) )

We estimate G using different process-model structures.

— 5 —
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Preparing Data for System Identification

— Loading Data into the MATLAB Workspace

— Opening the System Identification App

— Importing Data Objects into the System Identification App

— Plotting and Processing Data

We use system of Identification app to estimate linear models in Matlab. Identification tool might
produce the final linear models we decide to use, or provide with information required to configure the
estimation of accurate parametric models, such as time constants, input delays, and resonant frequencies
[7-12].

Matlab ident tool estimates the following four types of models and adds the following to the System
Identification app with default names:

imp — Step response over a period of time using the impulse algorithm.

spad — Frequency response over a range of frequencies using the spa algorithm. The frequency
response is the Fourier transform of the impulse response of a linear system.

By default, the model is evaluated at frequency values, ranging from 0 to the Nyquist frequency.

arxqs — Fourth-order autoregressive (ARX) model using the arx algorithm.
This model is parametric and has the following structure:
W(f) + aly(t=1) + nay(t—na) = blu(t—nk) + bnbu(t—nk—nb+1) + e(t) 3)
y(t) represents the output at time ¢, u(?) represents the input at time ¢, n, is the number of poles, ny, is
the number of b parameters (equal to the number of zeros plus 1), n; is the number of samples before the
input affects output of the system it is called the delay or dead time of the model, and e(?) is the white-
noise disturbance. System Identification Toolbox software estimates the parameters al...an and bl...bn
using the input and output data from the estimation data set.
In arxgs, n,=n,=4, and n, is estimated from the step response model impulse.
n4s3 — State-space model calculated using n4sid. The algorithm automatically selects the model
order.
This model is parametric and has the following structure:
dydx = Ax(t) + Bu(t) + Ke(t)
y(t) = Cx(t) + Du(t) + e(t) @)
y(t) represents the output at time ¢, u(?) represents the input at time ¢, x is the state vector, and e(?) is
the white-noise disturbance. The System Identification Toolbox product estimates the state-space
matrices 4, B, C, D, and K.
Validating the parameters of Model. We generate the following plots during model estimation to
validate the quality of the models:
— Step-response plot
— Frequency-response plot
— Model-output plot
Algorithms of using methods

1. In the Import Data dialog box, specify the following options:
Object — Enter z as the name of the MATLAB variable that is the time-domain data object. Press
Enter.

— §f —
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Data name — Use the default name z, which is the same as the name of the data object you are
importing. This name labels the data in the System Identification app after the import operation is
completed.

Starting time — Enter O as the starting time. This value designates the starting value of the time axis
on time plots.

Sample time — Enter 1 as the time between successive samples in seconds. This value represents the
actual sample time in the experiment.

We use following parameters of dry electronic filter work flow process [14-16]:

Table 1 — Input parameters for Identification process

Ne MW kPa kPa kPa kPa T left T right
1 26,1 -0,186 -0,189 -0,197 -0,2 79,5 77,2
2 26,1 -0,186 -0,189 -0,197 -0,2 79,4 77
3 26 -0,186 -0,189 -0,197 -0,2 79,4 76,9
4 26 -0,181 -0,186 -0,193 -0,204 79,4 76,9
5 25,9 -0,176 -0,183 -0,189 -0,208 79,4 76,9
6 25,8 -0,176 -0,183 -0,189 -0,208 79,4 76,9
7 24,9 -0,177 -0,179 -0,188 -0,193 79,1 76,6
8 24,9 -0,177 -0,179 -0,188 -0,193 79,1 76,6
9 24,9 -0,175 -0,179 -0,187 -0,198 79,1 76,6
10 24,9 -0,173 -0,178 -0,186 -0,202 79,1 76,6
11 24,9 -0,173 -0,176 -0,181 -0,197 79,1 76,6
12 24,9 -0,174 -0,173 -0,176 -0,191 79,1 76,6
13 24,9 -0,174 -0,173 -0,176 -0,191 79,1 76,6
14 24,9 -0,175 -0,171 -0,177 -0,182 79,1 76,6
15 25 -0,175 -0,171 -0,177 -0,182 79,1 76,6

447 24,3 -0,194 -0,203 -0,208 -0,218 81,6 79

448 24,2 -0,194 -0,203 -0,208 -0,218 81,7 79,2

449 24,2 -0,194 -0,203 -0,208 -0,218 81,8 79,3

500 24,1 -0,201 -0,2 -0,21 -0,216 81,8 79,4

]|[l

:':'-l,__..:

Figure 2 — Dry electronic filter contraction. Industry scheme
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and nonlinear regression models. Step Response for imp, arxqs, and n4s3

Nonlinear ARX model with 6 outputs
and 5 inputs of dry filter parameters

Results of identification

n4s2 =

Continuous-time state-space model:
dx/dt = A x(t) + Bu(t) + K e(t)

y(t)=C x(t) + D u(t) +¢e(t)
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A=
x1 x2
x1 -0.05693+/-6.441¢+09 0.01739+/-2.146e +10
x2 -0.005346+/-4.515¢+10 -0.1786+/-6.441e+09

ul u2
x1 0.0003299 +/-1.234e +09 -0.001577 +/-3.301e +10
x2 0.007712+/-3.181e+09 -0.2066+/-8.533e +10
ul u4
x1 -0.00341+/- 5.44¢+08 -0.1047+/-1.467¢+10
x2 -0.001557+/-1.379¢ +09 0.005271+/-3.879¢ +10

ud
x1 -0.003706+/-1.245¢ +09
x2 -0.007006 +/-3.129¢ +09

x1 x2
yl 0.006681+/- 1.08e+09 -0.001838+/-1.248e+ 09
y2 -5.027+/-1.056e+12 -1.897+/-1.175¢+12
y3 -0.3289+/-5391e+11 -1.44+/-6.024e+11
y4 0.01175+/-2.982e+09 0.006178+/-3.312e+09
yS -5.484+/-1201e+12 2.794+/-1.379%¢+12
yo6 -1.924+/-2819¢+11 -0.1478+/- 3.19¢+11

ul u2 u3 u4 us
yl 0 0 0 O
y2
y3
v4
yS
y6

S O O O O
S O O o O
S O O O O
S O O O O
S O O O o <
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K:

yl y2
x1  0.1524+4/-3.063e+10 -0.1131+/-2.835e+10
x2 -0.1409+/-8319e+10 -0.1448+/-7.092¢ +10

y3 y4
x1 -0.004747 +/-1.622e +10 -0.1091+/-1.592e +10
x2 -0.1013+/- 4.18¢+10 -0.02567+/- 4.1e+10

y5 y6
x1 -0.09313+/-3.416e+10 -0.02387 +/-4.575¢+09
x2  0.1997+/-9.117e +10 0.02006 +/-1.243e +10

Conclusion. The aim of this paper is to give a guided tour through the scattered land of subspace-
based methods for system identification. In order to achieve this aim different methods have been grouped
into the realization-based and the direct 4SID methods. The members of the former class explicitly form
estimates of the step response parameters, whereas the direct methods were based on the input-output
relation (2). A number of similarities between different methods were pointed out. In particular, the basic
4SID methods were considered in this paper.
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C. C. KycinGexos', A. M. Mckakosa', B. Boitnux?, 7K. 7K. Omup6exopa’
'K. W1. Cor6aeB athinnarsl Kaszak yITTHIK TeXHHKANBIK 3epTTey yHHBEpCHTeTi, Anvarsl, Kasakcran,
JIroOIMH TEXHOJMOTHSITBIK YHHBEPCHUTETI,

DNEKTPOHHKA KOHE aKIaPATTHIK TEXHOJIOTUS HHCTUTYTHI, JIFOOIIH, Monbma’,

KYPTAK SJIEKTPCY3I'THIH HAPAMETPJIEPIIH
CBI3BIKThI MJEHTUOUKAIUACHIH XKACAY

AHHOTANMsA. bepiireH Heri3ri )KYMbICTBIH MaKCaThl KYPFaK 3JCKTPCY3TCIHIH KYMBIC YPIICIH CHI3BIKTHI HICHTH-
(ukanumsnaa xKacajbl KOPCETUIreH. Byl KbI3bIFYIIBUIBIK MOJEIIIH KeHICTIK KYHiH a1 %oHe OeplireH Tayerci3 Kipic-
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IIBIFBIC CHI3BIKTHI XKYHeaeri kerdakTopiap YIIiH YCHHBUIFaH MYMKiHIIK. KeHICTIK KYHiHIH KIaCCHKAIBIK TEOPHUSCHI-
HBIH TYBIHIAYBIH HAKTHUIAY omiciHme Matlab Ident 6armapimamansik opTacsiHaa yeeHBUTFaH. OBOEKTIETI MapaMeTp-
Jepai 3epTTey. OPTYPIi ATOPUTMACP L CAIBICTHIPY YIIiH MOAETACY KeNTipilin KOchUIFaH. Herisri ChI3BIKTE MOIEI-
JIey /i OpbIH/IAY YIIIiH KATBIHACTHIK OOMBIHIIA KATENIKTI 00JDKay 9icTepi mapT OOMBIHILIA KOJIAAHBUIFAH.

Tyiiin ce3mep: uacHTUHKAIMS KYiHeci, TEXHOIOTWUIBIK ypaic, Matlab iden ttool, Kyprak 3JeKTpCY3rici,
KEHICTIK MOZEIIHIH KY¥i, CBI3BIKTHI MOICIb.

C. C. Kycynéekos', A. M. Hckakopa', B. Boiinux?, 7K. K. Omup6exona’

'KasHUTY um. K. 1. Carnaesa, Anmatel Kazaxcras,
2 JTt06THHCKHI TeXHOIOTHEeCKHiT YHHBEPCHUTET,
WHCTHTYT 3IIEKTPOHUKHN 1 HHPOPMAITMOHHBIX TexHONIoruH, JIro0mmH, [Tompma

JUHEWHAS WIEHTUOUKALIUA IAPAMETPOB CYXHMX JIEKTPO®UILTPOB

AnHoTtanus. llenpro naHHOH paboOTHI ABIAETCS JMHEHHAs MACHTH(HKAMs pabodero mpouecca Cyxoro 3jeK-
TpodmiIbTpa. TOT MHTEpEC OOYCIOBIEH BO3MOKHOCTBIO NIPEAOCTABIECHHSI TOYHBIX MOJIeNel IPOCTPaHCTBA COCTOS-
HUM JJIs1 MHOFO(baKTOpH]:lX JIMHEHHBIX CHCTEM HEIOCPCACTBEHHO OT BBOAA-BbIBOJA JaHHBIX. MeTOI[I)I HUMCIOT CBOC
MIPOHUCXOKACHHE B KJIACCHYECKOW TEOPHH MPOCTPAHCTBA COCTOSIHUI peain3aluu, pa3paboTaHHbIE B MPUMEHEHHH
nHcTpymeHTa Matlab Ident. MiccnenoBanue napaMeTpoB 00beKTa CyXHX 3J1eKTpopuiIbTopoB. [IpuBeneHHbIE MOJETH-
POBaHMsI BKJIIOUEHBI ISl CPAaBHEHHS Pa3IMYHBIX anroputMoB. HaiineH moaxon Ha OCHOBE JIMHEWHOH MopenH Uit
BBITIOJTHEHHS 110 OTHOIIEHHUIO K METO/IaM ITPOTHO3UPOBAHUS OIIMOOK, IPH YCIOBUH, YTO CUCTEMA JOJDKHBIM 00pa3oM
9KCILTyaTHPOBAaHa.

KiroueBble cjioBa: HICHTU(UKAIMS CUCTEMBI, TEXHOIOTHYECKHH mporecc, Matlab iden tool, cyxoit amekrpo-
(GUIBTpP, MOJENB IPOCTPAHCTBA COCTOSHUM, IMHEHHAs MOJEIIb.
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