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ABSTRACT

In many case, open loop system identification is not feasible and practical. Closed loop identification is major role
in such cases. For any closed loop system identification, there are some methods which are used to identify the
closed loop system, including direct method, indirect method, two-stage method, joint input-output method. Using
any one method we can identify the plant model. For designing of advance controller, the model of plant is very
important. In this paper, summary of all closed loop identification methods are described in brief.
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INTRODUCTION

Identification is an exercise which is used for lakgng the relation between the input and outduthe system.
Process model is used for design of controllerdipt®on, soft sensor, performance enhancement, fatkction etc.
This process model can be derived using first gslacor empirical modeling.

In closed loop identification data are collectednfra closed loop test where a underlying procedsllis under

feedback control. When performing identificatiorpeximent on unstable system it is necessary tdddri closed
loop with a controller. Another reason for considg closed loop identification might be that thestem has to be
controlled for economic and safety reason or thatibtended model used is model based control WeSigstem
Identification is a method of developing mathernsdtimodel based on empirical data means based an am

output.

In most of case in identification is done in openg system means without having any feedback sysBermin
many cases, open-loop system is not practical lsecalisafety and other concern. In this case, diisgp system
identification becomes important. The performantelased loop system can be improved by a contrbliesed on
the identification model form the closed loop daid{lain advantage of closed loop system havingbeeH in the
system which is helpful for the plant or systenathieve good performance. Closed loop system i@ bseause if
the system is unstable we can't identify the opaplsystem [3].

This paper is organized as follow. In section Zeflbloop system identification, needs of closeg legstem and
real-time closed-loop system identification is désmd. In section 3 is given literature review feystem
identification and in section 4 methods of closedpl system identification are described , in sacfiaconclusions
are made for this paper and in last referencegiaea for this work.

Closed L oop System Identification

Basically closed loop system are used to reducesttar in plant using the feedback control . Thesel loop
system is used to avoid undesirable product dudegtification process. Basic structure of closedpl system is
shown in the fig (1) where a feedback is conneetit controller and plant. Closed system are usathbse of the
in any plant open loop system are give some uralasiproduct and loss.
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Fig 1 Closed L oop system with some disturbance in system

According to fig (1) there is a controller whichvgithe input to the plant but there is a disturlkeaoc unwanted
signal are occurred in the plant which causes toestoss and undesirable product in the output lnged loop
having feedback so if there more disturbance instfstem it will return to the controller as inptitea checking all
parameter it passes again to the plant and praggssng on until the output will not satisfy.

1.1. Need of Closed loop system

For most of the system , open loop system for ifleation is used but in open loop system is naisible and
practical so that we can use closed loop systemtiftation. Closed loop system is generally usedféedback
control [1]. Need of closed loop are required wirempen loop system sometimes gives error in thpuitthan
closed loop system are used. Closed loop have tapyaof feedback which causes to less error imtitput in the
system. Closed loop system need is due to sorsemnea

1.When the system is not stable we can’t identifydygem or testing the open loop.

2.Restriction in quality in the plant for open loogstem.

3.To improve the performance of the system.

4.To avoid undesirable product in plant and get geadit in plant.

5.For open loop identification, we have to open thapl so resulting in financial loss due to high sasttime and
manpower.

6.An important purpose of closed loop data is to midesclosed loop system insensitive to changesénopen
loop system.

1.2. Real Time Closed L oop | dentification

For plant using any method we can identify theesysbut using real time process is quite and dasgmhallenge
to identify the system. For real time process we identify the system by the open loop data. Eat time closed
loop identification there are many challenges mgkistem which affects the system. The challenges a

1.In closed loop system main problem is to correfabetween the input and undesirable noise.

2.For Some method to identify the system we needito the knowledge of controller.

3.Another problem is that if the plant model is liné@en it appears in non linear condition.

4.For real time system we can predict the future alnd increase the system efficiency.

Real time identification for closed loop is caldeld by identification method. We can identify thestem with any
method it is not necessary to choose only a speaiithod. By real time identification we can impgothe
performance of the system. Real time system ideatibn for any system are to define the plant famdietermine
this we need to know the all parameter like inmd autput of the system to determine the plant (4bsed loop
system identification are used because if the plastable we can’t identify the system. Using tharlkév chain
estimation we can identify the system. There ai@ steps which can use for closed loop identificatio Markov
chain [4].

In first stage it determines the closed loop Markavameter by the observer and second stage itndats the
open loop parameter by the closed loop Markov patamnall two stage define the relation betweenctbeed loop
Markov parameter and Markov parameter. Identifaratnethod developed based on the perception ofdlmop

system. For two stage method when we applying @nexdiction model which can be used to analyze@gpect of
the form an adaptive correlated noise or signaistier function. This is used to determine the imputput transfer
function of the system which used to generatenpatiof the opposite case of the system [6]. Edérbg two stage
method are less precise but it satisfies the #talmibndition. For noise adaptive correlation direpproach and
precision estimate and calculated could be advantagr the joint input output approach [5]. Forniiication of
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the system noise model are having important becaiseme method we need good noise model for ifieation
of the system. We know that for the direct andriecti approaches we need good noise parameter fi3bdel

LITERATURE REVIEW

Urban forsell, Lennart ljung(1999) illustrated teproach of the system identification for the systend define the
problem between the input data and unwanted sidialy define that if the feedback controller is meto than the
data which gave the signal and the unwanted sigreakorrelated with each other. There are someoappes to
closed loop identification. They are used for idfezdgtion method and this are the main approachidentify the

systems. The approaches are the direct, indiretfant input and output. All this approach are ingvdifferent

algorithm to identify the system. By using all thigsproach we identify the closed loop system. Faact approach
was not used after the system is unstable. Idemdbeie indirect approach is to be that if the coligr having the
more data inputs are known we can use indirectifitzation. This method is used for non linear feadk.

Alireza karimi, loan dore(1997) in this comparisohthe closed loop identification method. They dimd the

comparison in terms of bias supply. Direct methadjrect method and joint input output method asedito the
analyzed and estimate the system. Direct methodwadstage method are used for the system ideatiific. By

using direct method, we can identify the systemirput and output data of closed loop system. Direethod it

considers single input single output system andrsenethod is two stage identification where thetesy having
two stage. There are two stages in this methotrfiethod are that transfer function of executidrand the plant is
defined in open loop. Two stage method identifyedmine the closed loop system as open loop systeowledge

of controller is not required if we have measurets@f both the reference signals.

Minh phan, Richard longman(1994), they exemplifg 8ystem identification with known output feedbaktain

problem in identification of open loop system whepperating under closed loop system. The idedtfon of a
system having a linear output feedback controkeformulated. This is the simple case on which sheeral
extensions are made. If the open loop system hiseat transmission than the mathematical termotoes extent
and this case are treated as next. For this idgatidn method developed for define a concept ablaserver for the
closed loop system. For this first problem is tdirde problem of identification open loop system twitnear
feedback controller. In this Markov parameters mlentified and open loop system are recovered fthm
identification closed loop parameters and define talation between the Markov estimation and clokexgp

Markov parameters.

Lianming sun, Yasuhiro miyake(2002), they define thosed loop unstable system and an applicatioriosed
loop system using direct method. This method apgr@ae used for inter sampling scheme in whichkes faster
output than the input of the system. For magnet&psension are always stabilized by feedback corfypen loop
identification there some serious problem which ewesidered in closed loop identification. One peab bias
which is caused by the correlation of control inpatd output disturbance in closed loop systemstitrates the
closed loop algorithm which is used for estimat phoblem and identifies the system. Obtain thglsimput and
multiple output system for identification of thessgm. For any unstable system like magnetic sugpenge can
use closed loop system by feedback control andifgehe system and helpful for all unstable plant.

Paul van dan hof, Ruud schrama(1995), there are $ssues in identification process for closed lgggtem they
define the identification and control issue for s#d loop system. For identification of dynamic egsthas
motivated and supported by the ability to use teswddel as for model based propose. In system ifdzion
importance has long been aspects of consistencyedaittd to word the reconstruction of the plasit thneasures
the data. There are some challenges for ideniificaif the system and control designs are closelgach other.
Identification methods transport a model of planthwunknown dynamics. Some methods deliver also an
uncertainty. A nominal model is just an approximatiof the plant. Based on this model a control basn
designed. There are two branches to identifiessyfstem it concludes that first we design the cdrgheck its
performance and after this performance the systéhguantification the error in the system afteathdentify the
system which is suitable for the system and aftisrgrocess easily perform the action to the plant.

Rimantas Pupeikis (2002) , this paper is iderdtfan of the close loop system identification usahgsed loop. In
this paper it also uses three main approach: digetoach, indirect approach and joint input-ougpgroach and it
is also used two stage method which is helpfukfmtem identification. In this paper a two-stagehod, applying
the prediction error model, will be examined inpest of the form of an adaptive correlated noiaadfer function.
The additive correlated noise in explanations topbecessed strongly influences the quality of thesed-loop
identification. Therefore, the simplicity of therélct approach and the accuracy of estimates cédculgy it could be
the main advantage in comparison with the jointutaputput approach if not for one problem. An irage of
strength of additive noise, the estimates of theamaeter in the denominator of the open-loop systensfer
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function take the standards outside of the stghdlita of parameters. On the other hand, the estinmdotained by
the two-stage method are less accurate but thisfysstability conditions even under intensive ®ois

2.Methodsfor Closed Loop Identification

Mainly, there are four methods for closed loomiifecation. For most of the systems, this methaitks. There are
describe as following,

1. Direct Method: In this method we take data of input and outpet taken from the plant which operating in
closed loop system are identify by direct methoole® method are uses classical open loop algorftmidentify
the system. Direct method is simple method for fifieation of the system. This approach is igngrthe feedback
and identifies the open loop system by using measent of the input and output of the system. Diraethod
generates the data from the input and output [2].d&termine the closed loop data with the open taip. Main
disadvantage of direct method is that the signaldise ratio(SNR) is to be high that's why we naegbod quality
noise model [1]. Suppose we have good model thamasult of this are biased. In this method we yappédiction
error method directly to the data. The direct mdttsonot directly used when the system is unstdbileect method
is avoids the possible feedback. The main advanégkis method that we there is no need of therilygn or
software to use this direct method. For direct méttwve only collect data from input and output apgleed any
prediction method which can identify the system [5]

2. Indirect Method: In this method we can identify the system by theasurement of the reference and output of
the system. Determine the open loop parameter fherclosed loop model. This approach identifiestthasfer
function of closed loop system and determines #rampeters of open loop system using linear coetrollhere are
some advantages of this method is that we not medjuany noise model [2]. Indirect method having som
disadvantage that we need to the prior knowledghefcontroller which is used for identificationdaanother is
that it gives some error to the system. Indirecthoe is differed from the direct method becausetics method we
need to whole knowledge of controller that we cae for the system we collect the data from thetigmal output
and define the system by the knowledge of controlle

3. Joint input output method: In this method the data are joints separatelyhasoutput of the system. In this
approach input and output jointly as the outputrfra system driven by some extra output or set migmal and
noise. For joint input output approach we not needequire the prior knowledge of the system andhaed to
require the noise model. But this method is needent@mrdware part and software part for identifmat{3].
Sometime we need the sensor for operate the system the system is unstable. For joint input ouiqutroach
we can identify the system by using the transfecfion of the system and transfer function datadafned by the
input and output of the system then we can defiresystem.

4. Two Stage Method: There are two stages in this method first methedttaat transfer function of execution nit
and the plant is defined in open loop. Two stag¢hote identify determine the closed loop system @asnoloop
system [4]. Knowledge of controller is not requiifewe have measurements of both the referencealsighor two
stage method that we can observe the both thelsigdano need of the noise model for this methaditnequire
high signal to noise ratio (SNR). For two stagehudtit is difficult to identify the system becausiewe need high
in the system.

After that there is another stage for this methemtond method are that execution input are filtdredransfer
function which is used as a variable generatorisetess input for identifying the plant.

4.1. Processfor System I dentification

In figure (2) is the algorithm for system identéton process which are useful for understandiegithole process.
According to this algorithm for any plant we coliexperiment from experimental design and aftelecbldata we
choose an appropriate model structure which isfhlefpr system and perform more than other. Aftapa@sing

model employ a criterion which is fit for the systafter that estimate model parameter. After takithgparameter
access the model and check the parameters of #tensyand compare the data with known responserseimo
parameters estimation. After all this process systbeck the process if it satisfies then we usesylségem if it not
satisfied then process go back previous step amckdine parameter and perform the process agairthmsystem
not in use, Using this algorithm we can easily tifgrthe system.

In fig (2), algorithm used for any methods whiclk ased for system identification. We do estimafmrthe system
using parameter estimation modeling. For paramegtmation modeling having some stage so that\iisstefine
the problem then model formulation then estimateghrameter after doing estimation then we do meal@ation.
After the entire task we identify the system [1bd ®at for identify the system we need to define pinoblem,
problem could be an industry work so that we defime problem after this we do model formulation.nhodel
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formulation we choose input data, for theoreticaldeling it is very important and the important feto keep in
mind that information not contained in data notegopin the model. After model formulation next sieparameter
estimation, in parameter estimation we do estimatti@ unknown parameters which is helpful for mddgl
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Fig 2 System process algorithm

Parameter estimation can be done in both frequéboyain and time domain. Estimation can do for tegcal
modeling and practical modeling for unknown parasrsget After estimation the parameter estimation rifst
important task is that to validation of the modedaf the model is satisfied then we can use thelehdor
identification [7]. Model validation is that we cameck all the parameters and modeling of the Bys&uppose
some parameter is not satisfied for the system Weeneed to do all process again till the modeloissatisfied for
the system. Parameter estimation modeling is usdéfine the model parameters [5].

CONCLUSION

In this paper, methods of closed loop identificasiare summarized. The closed loop identificatisruseful for
many case as discussion in this work. A plant masdeery useful for analysis of the system, desifoontroller ,
fault identification and etc. In most of the methdidey use open loop identification approach. Tagythesis in
different way depending upon the method. Indireethad, assume that you know structure of the cbetrd-or
online identification, this closed loop identificat is very important. For different industry, & useful for
development of plant model.
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