Advanced Control Systems
Prof. Somanath Majhi
Department of Electronics and Electrical Engineering
Indian Institute of Technology, Guwahati

Module No. # 02
Frequency Domain Based Identification
Lecture No. # 01
Identification of Dynamic Models of Plants

Welcome to the lecture titled ldentification of Dynamic Models of Plants. Model
identification is very important we must have studied identification of models or
modelling of systems in the basic level control systems course. If for effective designing
of control controllers and for analysis of closed loop system identification of models is
necessary; when they process has been identified properly, definitely a controller an
effective controller can be designed which can keep satisfactory time and frequency
performances.
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Now, we shall see what a model is a first. So, model of a plant, in broad sense is nothing
but, the description of relationship among related variables of a plant. Now, models can
be available in many forms, we know that the models may be of theoretical form or in



empirical form. Also, models of many real time systems are available in time domain
and in frequency domain forms in frequency domain form in. When the model is
expressed in time domain generally it is available in the form of differential equations
differential equations or partial differential equations depending on the complexity of a

process.

Again we can have in digital form, the model available in difference equation form
difference equation form. So, all these forms of representation of model of a system are
in time domain; in frequency domain, generally the models are expressed in the form of
transfer function, some for assumed form of transfer functions are taken to represent the

dynamics of a processvibr.

Now, we shall go back to the basics of a model first, how the dynamics of a process can
be identified. So, it can be identified in the form of theoretical models, where theoretical
models are obtained from basic laws of components in a plant. However, the procedure
is found to be difficult and time consuming and involves lots of approximations;
whereas, empirical models of process dynamics are developed relatively, easily; it is
done with the observations of plant variables or from the relationship among variables or

from the models linking the variables.
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Now, we shall go to some identification technique, we shall study some time domain
based identification of dynamics of a real time process. First one has to, let us consider



we have some unknown process denoted by 1 upon denominator d n s, then we can apply
some known input and we can measure the output from the process. So, from the
measurement of input and output, a model structure can be established, but the model is

found to be very sensitive to measurement errors.

Let us see how we can identify a process model. Suppose, the process dynamics is given
by the difference equation y n is equal to a y (n minus 1) plus b u (n minus 1).
Identification of the process is nothing but estimating accurate a and b values for this
case, because once a and b are estimated accurately then, the process dynamics has been

obtained accurately.

Now, suppose u 0, the input to the processis 0, u 1is 1, and utand u 2 is equal to 1.2.
So, again we have got the process here, the process inputs are denoted by u and the
outputs are denoted by y. So, corresponding output for the set of inputs be y 0 is equal to
0,ylisequalto O,y 2isequal to 2, andy 3 is equal to 4.3. So, with the set of inputs and
outputs measurements, it is possible to estimate the model parameters a and b; how can
we estimate, since we know that y n is equal to a'y (n minus 1) plus b u (n minus 1) I can

write a set of equations here for various values of n.

So, y 1 will be equal to sorry y 2 will be equal toay 1 plus b u 1; and y 3 will be equal to
ay 2 plus b u 2. So, collecting the terms in matrix form, we get y 2 y 3 vector is equal to
yluly2u 2 times the vector a b. So, using this I can find a expression for aand b as y
luly?2u2inversetimey 2y 3, which gives us the values for a and b as 0.95 and 2. So,
a as is estimated as 0.95 and b is estimated as 2; this is how in time domain, process

dynamics are obtained or dynamic model of a process can be obtained.
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Now, let us consider another situation, where the set of inputs be y O is equal to 0, y 1 is
equal 1, y 2 is equal to 1.2; whereas due to some measurement errors epsilon n the
outputs are now y 0 is equal to 0, y 1 is equal to 0.1813, y 2 is equal to 2.0517, and y 3 is
equal to 4.6809, because of the measurement errors of epsilon 1 is equal 0.1813, epsilon
2 is equal to minus 0.1205 and epsilon 3 is equal to 0.3318; due to the measurement
errors, the output is different from the set of outputs we had obtained earlier.

Now, the a and b can be estimated in a manner we had done for the earlier case; and a
and b are found to be a is equal to 1.2097 and b is equal to 1.8324; whereas, earlier we
found a to be 0.95 and b to be 2. Therefore, in place of 0.95, we have got 1.2097 and in
place of 2, we have obtained b as 1.8324. Therefore, the model parameter a is
overestimated by 27.34 percentage and b is underestimated by 8.38 percentage. So, there
are due to the measurement errors certainly there will be estimation errors, errors in the

estimation of the model parameters.



(Refer Slide Time: 09:46)

/r(ui =ay(n-D)+bu(n-1)+s(n)
=5 (n) = y(n) - av(n-1 —hmn—l)ﬁ
/

\ —
& — ——— —

e g

N : g —
/ Jlu_h]-z‘:;'h:)
S ING

Now, how can we minimize that, from little bit of analysis we can write the expression
for y n, the difference equation can be re-written in the form of epsilon n is equal to y n
minus a y (n minus 1) minus b u (n minus 1). Then using the minimum square error
criterion, it is possible to optimize the performance index J, which is defined as J is equal
to sum of n from 2 to N epsilon square n. Now, these optimization can a and b with
certain accuracy; this is how one can get better values of a and b with less estimation

errors.

Now, this is how one can obtain dynamic model for a real time process using time
domain based technique. A real time system may be made of if not thousands hundreds
of components; so, it might not be possible to apply basic laws of nature and derive its
model in terms of differential equation or difference equation; so, an alternate approach

discussed next that is known as frequency domain based identification.
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In the frequency domain based identification, we have the real time plant to be identified
real time plant or process to be identified is put in a closed loop in this fashion. So, in the
closed loop we have a fit forward proportional controller proportional controller with
certain gain 0.4. And when some unit step reference input is applied at that time, suppose
the output becomes like this (Refer Slide Time: 12:06), then from the output we can see
in steady state, the output has assumed some value with exact value is 2 to the power 7;

now, this is known as the steady state output steady state output.

So, when some unit reference input is applied, we get some steady state output of
magnitude 2 upon 7. Now, what we get from this output, response of the closed loop
system, when a proportional controller with gain 0.4 is put, one can extend some simple
analysis; we know that, the closed loop transfer function can be written as T s is equal to
0.4 G s upon 1 plus 0.4 G s (Refer Slide Time: 12:55); where the dynamics of the real

time process is assumed to be G s in frequency domain.
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Then in that case, the steady state value limiting stendsto 0 T s T sis equal to T 0 is
nothing but, 0.4 G 0 upon 1 plus 0.4 G O, this is found to be 2 upon 7. So, after
simplification, it is not difficult to obtain G 0 G 0 is equal to T 0 upon 0.4 1 minus T 0;
so, which upon substitution gives 2 upon 7 by 0.4 1 minus 2 upon 7; so, which is again

equal to 2 upon 7 by 2 upon 7 is equal to 1.

So, what is G G 0, G 0 is nothing but the steady state gain of the real time process. So, G
0 is the steady state gain, state gain of the unknown process or of the process which is to
be identified; that is this is how one is able to estimate unknown parameters of specific

models, transfer function models of process dynamics.
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Now, one unknown has been estimated in this fashion, similarly this can be extended or
we can go for some other technique to find the unknown parameters of model of transfer
function model of a real time process. Let the real time process G s has the transfer
function form K upon T 1 s plus 1 to the power n, before identification generally it is
assumed that assumed that the transfer the process dynamics assume some specific

transfer function form.

So, in this case we assume that the process has got some all pole transfer function form
of the form defined as K upon T 1 s plus 1 to the power n. So, identification of the
process dynamics means finding the values for K, T 1 and n. K has been found we have
found K to be 1, from the steady state output of the closed loop system in some unit state
reference is given; we found the closed loop, the steady state output to be 2 upon 7 and

from analysis the steady state gain of the process model to be 1.

Then how to find the remaining two parameters T 1 and n; once, T 1 and n are found
then we can tell that the process dynamics has been obtained in the form of some transfer
function, for that what we will do? We will go on increasing the gain of the proportional

controller.
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So, when the gain of the proportional controller becomes 4, we get some typical output
from the closed loop system, the output becomes some sustained oscillatory output, the
output does not die down. So, we have pushed the system to the verge of instability, the
closed loop system has gone to the verge of instability. Now, one can measure make
simple measurement, one can measure the period of the output, this is known as or time
period; also from the time period, it is not difficult to obtain the frequency of the

sustained oscillatory output of the closed loop system.

So, the period of the output is found to be 6.283 seconds and the therefore, the frequency
of oscillation becomes 1 radian per second. So, the frequency of oscillation omega is
nothing but 2 pi upon T. So, from simple calculation it is not difficult to obtain of omega

as 1 radian per second.

Now, what benefit we get from oscillating or getting the output in this sustained
oscillatory form; now, we can make some measurements like, one measurement is the
time period, another is the peak amplitude we get for this signal. So, one can measure
peak amplitude for this signal and from there, suppose this is the base line then we will
get the peak amplitude in the form of some A, let A be the peak amplitude of the output,

peak also can be obtained from the measurement of peak to peak value.

So, measure the peak to peak values and divide by 2 that will give us the peak amplitude
A of the output signal. So, making two measurements A and omega of the output signal,



it is possible to estimate the two unknowns of the model parameters, what are the two
unknowns of the model parameters? We assume the dynamics of the process to be of the
form of K upon T 1 s plus 1 to the power n, K has already been found earlier; now, the
remaining two unknown parameters T 1 and n can be estimated using the information of

peak amplitude and frequency of sustained oscillatory output signal.

(Refer Slide Time: 19:10)

@s:sume a transfer function model ¢ ,;D
- _ (Fs+1)
e —

obtained lnjeamg a dc signal at
r(0)
G (0X1 - T(0))

G(0)+ (.041)y - K T(0) Steady state response

The controller gain is ({D

(F:i;-lt output oscillates at critical frequency 2)

_—-7..--——-—______74__——
[/9 C o= r,,:_ o, =] r@

— _——-—-——-'-_.--.-

Now, let us assume the transfer function model of the process dynamics to be of the form
of G sis equal to Kupon T 1 s plus 1 to be the power n. Now, the steady state gain we
have already obtained, we need not repeat the discussion over here. We know that, the
controller gain G ¢ s is equal to 4 and the plant output oscillates at critical frequency a
frequency omega which is nothing but, omega p is equal to omega g is equal to 1 radian
per second; what is this omega p and G? Omega p is the phase cross over frequency and

G is the gain crossover frequency.
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Now, when we get sustain oscillatory output from the system? When the loop, closed
loop gain is equal to 1 and loop phase is equal to minus pi at that time we get sustained
oscillatory output from the closed loop system. So, using that, the loop gain is equal to 1
and loop phase is equal to minus pi using these two information, it is not difficult to
write the expressions for loop phase given by angle G ¢ j omega g j omega is equal to
minus n tan inverse omega T 1; how we get this? Because, we know that G ¢ G s is now

given as 4 K upon T 1 s plus 1 to the power n again K is equal to 1.

Therefore, G ¢ G s is equal to 4 upon T 1 s plus 1 to the power n; therefore, G ¢ j omega
will be equal to j omega T 1 plus 1 to the power n. So, using this the angle, phase angel
is found to be minus n tan inverse omega T 1; and the loop phase is equal to minus pi,
which gives us an expression T 1 is equal to tan pi by n; because, omega is equal to 1,
here T 1 is equal to tan pi by n divided by omega, but omega is equal to 1. Therefore, we

have written the expression for T 1 as tan pi upon n.

Further, the gain loop gain is equal to 1 using that condition, we get omega T 1 square
plus 1 is equal to root 4, which gives us T 1 as 1; how we find the loop gain, loop gain
can easily be obtained, because your loop gain G ¢ G j omega magnitude is equal to 4
upon omega T 1 square plus 1 to the power n by 2. So, using that one can easily find the

expression and using this, again we get this magnitude to be is equal to 1, loop gain is



equal to 1. Therefore, simplifying this expression one gets omega T 1 square plus 1 is
equal to root of 4, what has been given over here.

So, from the analysis what we have obtained? T 1 is found to be 1 and then making using
this value in this expression gives us T 1 is equal to 1, implies n is equal to 4. So,
because tan pi by n is equal to 1 implies n is equal to 4. So, thus the unknowns of the
process models, T 1 and n are estimated. Then the transfer function model of the process
dynamics, the real time process dynamics is given as G s is equal to 1 upon s plus 1 to
the power 4; the general form of G s is K upon T 1 s plus 1 to the power n,and nis 4, T
lis 1, Kis 1; therefore, the process model is found to be G s is equal to 1 upon s plus 1

to the power 4.

So, using the sustained oscillatory output from the closed loop system, it has been
possible to estimate two unknowns of the transfer function model; and the two after
finding the two unknowns and finding the steady state gain, the process dynamics can be
expressed in the form of transfer function model of this form (Refer Slide Time: 24:12).
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Now, let us consider one more example. In the second example, we have considered a
process, G s given as e to the power minus e to the power minus 2 s upon 10 s plus 1. So,
we have considered a first order plus dead time process. So, for this process the

procedures for identification will be carried out.



Now, again we will go on we will we will not increase the proportional gain, let the
proportional gain of the proportional controller be 4 with this gain, when the units step
reference input is applied, then the process output is found to be of this form (Refer Slide
Time: 25:20). So, from the process output, the steady state value of the output is found to
be 0.8; therefore, T 0 is equal to 0.8, but we know that G c 0 is equal to 4, G ¢ s is equal
to 4 this is the proportional controller. So, in spite in steady state value of this one is also

G c 0 is equal to 4; so, limiting s tends to 0, we get G ¢ 0 is equal to 4.

Again, using the relationship that the closed loop transfer function T s is givenas G cs G
s upon 1 plus G ¢ s G s; and when we take the limiting value T 0 becomes G¢c 0 G 0
upon 1 plus G ¢ 0 G 0. So, solving this we get the expression for G 0, which gives us G 0
is equal to the transfer function model of the plant is having a steady state gain of K, then

the steady state gain of the transfer function this G 0 is equal to K.

So, when s equal to 0, this term will not be there, then when s is equal to 0, this is also
not there ultimately G 0 becomes K. Then the G 0 can be estimated from the equation T
0 Kisequal to T 0 upon G 0 times 1 minus T 0 as 1. So, the steady state gain again the
steady state gain steady state gain of the process dynamics or transfer function model of

the process dynamics is equal to 1.

So, once the steady state gain has been found, again we will try to find the remaining
parameters of the transfer function model. How we are going to model the dynamics of
this process, let us assume some specified transfer function form. Let the model of this
process dynamics be represented by K e to the power minus theta s upon T 1 s plus 1. So,
K has been already estimated, now the remaining two parameters, theta and T 1 can be
estimated from the information from sustained oscillatory output of the closed loop

system.

To obtain to obtain sustain oscillatory output, what we have to do? We have to go on
increasing the proportional controller gain. So, K the gain proportional controller is gain

K be 4 will be increased; so, we will try with various values.
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So, by read then trial, when we have the proportional gain of a value of 8.5, then we
obtain a sustained oscillatory output for the closed loop system. When the proportional
gain or proportional controller gain gain is equal to 8.5, then the closed loop system
output becomes oscillatory a sustain oscillatory output. So, that is what we want, because

these enable us to estimate two unknown parameters of a process model.

Now, again making or making measurement of the time period, from the time period, we
find the frequency of the sustained oscillatory output signal to be of value 0.844 radian
per second. Therefore, the signal has got frequency of omega is equal to 0.844 radian per

second.

For other things we have now, we assume that we do not know the process, the process
dynamics is not known to us; we are going to estimate a working transfer function model
for the dynamics of the process. So, we assume this process to be of the form K e to be
the power minus theta s T 1 s plus 1; please keep in mind that, we do not know the

dynamics, we do not know the model parameters of this process.

So, this is a black box for the sake of estimation accurate to demonstrate, how the
identification is done we have taken some specified process dynamics. But, we assume
that the process dynamics is not known to us, rather we are going on measuring the
output; and from the output of the closed loop system, we are trying to estimate the

transfer function model of a unknown process dynamics.



Now, we have found the frequency to be of 0.844 radian per second; next, we can
measure the peak amplitude of this signal from measuring the peak to peak values and

that values can be used later on.
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Now, again like the earlier case, let us assume a transfer function model for the dynamics
of the process, time delayed process G s is equal to K e to the power minus theta s upon
T 1 s plus 1, we have already estimated the steady state gain of the process. Therefore, G
s can be given as now e to the power minus theta s upon T 1 s plus 1. And we know, G ¢
s is equal to 4, now again making use of the concept of loop gain and loop phase; loop
gain of 1 and loop phase of minus pi, we get magnitude of G ¢ j omega G j omega is
equal to 1; after simplification, which gives us omega T 1 square plus 1 is equal to 8.5
square which gives us T 1 equal to 10; and using the loop phase condition angle of G ¢ j
omega G j omega is equal to minus omega theta minus tan inverse omega T 1 is equal to

minus pi.

So, using this using G ¢ j omega G j omega, which is given as in our case 8.5 then e to
the power minus j omega theta upon j omega T 1 plus 1; so, this will give a phase angle
of minus omega theta minus tan inverse omegas T 1, which has to be of the value minus
pi. So, solving this again we obtain the theta as 2. So, what we have tried to do in this
case, we have estimated the two unknowns of the process models, theta and T 1; now,
theta is equal to 2 seconds, and T 1 is equal to 10 seconds.



So, we have accurately estimated the dynamics of a process. So, the dynamics of the
process as you see over here is nothing but, e to the power minus 2 s upon 10 s plus 1.
So, this is the process we had employed for identification; and what we have identified?
We have also identified the transfer function model of the process dynamics to be of the

form G s is equal to e to the power minus 2 s upon 10 s plus 1.

So, the frequency domain based identification can be used to estimate transfer function
models of process dynamics in a convenient way. And one can estimate more accurate
values for the parameters of the transfer function models by using this frequency domain

identification technique.
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il ®=0844 rad/s

Now, why we are getting sustained oscillatory output for the closed loop system? Let us
go back and analyze the closed loop system a little bit, now when the loop gain is equal
to 1 when the loop gain is 1, and loop phase is equal to minus pi; then whatever output |
get over here, this output will come here and due to this 180 degree phase shift due to the
negative feedback, that output will get inverted, then same output is going over here, and

due to due to this we get another 180 degree phase shift by the loop.

So, loop phase shift, this controller and plant is giving us a phase shift of minus pi. So,
due to that, this again will get inverted; that is why we are getting some sustained
oscillatory output from the system, when the loop gain is equal to 1, and loop phase is

equal to minus pi.



Now, there is one risk with this technique, this frequency domain based identification
method, when the gain proportional gain is become more than 8.5, what happens to the
closed loop system? We may get unstable output from the closed loop system. So, there
is some risk. So, one has to go on trying various values for the proportional controller.
So, we started with a value of 4, from 4 we came to 8.5; so, 4 to 8.5 one has to go on
gradually increasing the proportional gain. This is the drawback of this method of
frequency domain based identification technique; to overcome this, there is one more

powerful method that is known as a relay control system.
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What a relay control system? The gain or proportional gain has been substituted by a
relay, earlier we had some proportional controller here. Now, the gain of the proportional
controller where changes gradually till some sustained oscillatory output is obtained
from the closed loop system, but there some risk as we have discussed earlier; if the gain
of the proportional controller is more than some then some specified value in that case,
the output may blow out.

So, when proportional controller is replaced by a relay a symmetrical relay, then it is
found that the output of the plant becomes oscillatory we get some limit cycle output
from this arrangement. So, we get some limit cycle output also which is known as the
sustained oscillatory output. So, this is the beauty of the scheme, a relay control system
ensures are guarantees are induces limit cycle output for a closed loop system.



So, when a relay is put in the fit forward path, then the output of the closed loop system
becomes oscillatory. So, in a conventional relay system an ideal relay, rather that is some
symmetrical ideal relay is put; and the symmetrical ideal relay is shown by the diagram
of this form (Refer Slide Time: 39:27), where this is the input to the relay and this is the
output from the relay. So, the relay characteristic can be shown by this plot.

Now, for any input, the output will be less to some fixed value; suppose, the relay setting
is made at some positive value of h and negative value of minus h, then what type of
output will expect from the relay? The input is sustained oscillatory, because output of
this scheme is sustained oscillatory corresponding to that, the input e will be negative of
that, sorry it is not to the scale; so, this will be the input and corresponding to this what
type of relay output will have? Will get for negative inputs, the output of the relay will
be less to some negative value which is minus h and for positive input to the relay, when

e is positive, thisis e, this is y.

So, this is when the output is sustained oscillatory, the form of the e, e can be given in
this form, then the output of the relay the output of the relay will assume some
rectangular form, where the peak amplitude of the rectangular pulses will be minus h,
and the negative peak amplitude of the rectangular pulses will be minus h and the
positive peak amplitude of the rectangular pulses will be plus h. So, this is how we will
get signals at different points of a conventional relay control system. So, we shall study
the input-output Characteristics and input-output signal of a relay control system in detail

later on.
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Let us see, what we have now some advantages of the relay control system are: it
identifies process information around the input and frequency that is known as the
ultimate frequency. The frequency at which we get the sustained oscillatory output signal
is known as the ultimate frequency. The frequency of the sustained oscillatory output

signal is known as the ultimate frequency.

So, omega is the frequency which can be obtained from the measurement of time period
of sustained oscillatory output and which can be given as omega is equal to 2 pi by T.
Now, we says that, we identifies the process information around the important frequency
means this is the not only this is the ultimate frequency, this is also the phase crossover

frequency of the relay, closed loop control system.

Now, a beauty of this is says that, there is no need for worrying the level or amplitudes
of the relay or the relay settings. So, the relay heights can be of any value, relay heights
means what we mean by relay heights, a relay is represented by this and the positive
amplitude is shown as h negative as minus h; these are the relay settings h minus h are

known as the relay settings.

Now, this setting h can be of any value, we can vary go on changing h to any value till
we get some appreciable sustained oscillatory output in the output of the closed loop
system, which can be measured easily. So, the setting of h there is no condition for
setting of h values. So, one can try from 0.01 to some higher values like 1 and so on.



Unlike, the earlier cases where one has to be very careful, when one increases the
proportional gains here, the relay heights can be increased gradually without fearing for
anything, because the output will definitely remains sustained oscillatory in spite of any
setting of relay heights. So, this is what we get from the first point. What other
advantages we have from the relay control system? It is a closed loop test; as you see,
relay is put in closed loop, when the loop is broken, when the feedback is broken at that
time we cannot ensure sustained oscillatory output. Therefore, there must be negative

feedback for the relay control systems.

So, we have a closed loop test system which is known as relay control system for us.
Therefore, the process will not drift away from the nominal operating point. Since, the
process or plant always operates in closed loop and we are inducing limit cycle or
oscillatory output in closed loop; therefore, the process will not drift away from the

nominal operating or normal operating conditions.

Hard point is that, for processes with large time constant, it is a more time efficient
method; when the process unknown process has got has large time constant in that case,
setting of proportional gains in place of relays will be very difficult; whereas, when we
have a relay in place of proportional controllers in the closed loop, when we have got
relay control systems we will have no difficulties in obtaining sustained oscillatory
output in spite of large time constant in the process. So, it is an efficient method

compared to the earlier techniques.



(Refer Slide Time: 46:04)
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Now, let us see the characteristics of a relay; what is a relay? A relay is an electrically
operated switch. So, relay can be made up of solids state devices and can be of electro
mechanical type as well. Relays are basically divided into two types, symmetric and
asymmetric. What we mean by a symmetrical relay? The input-output Characteristics of
a symmetric relay is shown over here (Refer Slide Time: 46:39); when the relay settings
are equal, when we have got a positive plus h and minus h setting, then the relay is

symmetric and ideal.

Now, what do you mean by asymmetric relay? When the relay amplitude will be relay
heights will be different; so, we have got like this h 1 and minus h 2, then we get an

asymmetric relay.



(Refer Slide Time: 47:22)

Now, a relay with dead zone can be shown like this, where delta is equal to the dead
zone. Again we have got relay with dead zone and hysteresis, the input-output
characteristics of a relay with dead zone and hysteresis can be shown like this. So, the
relay has got dead zone and hysteresis. When the input to the relay is like this (Refer
Slide Time: 47:50), the output will be of this form, when both dead zone and hysteresis

in the relay are present.

Now, one can have asymmetrical relay of this form also. So, these are the characteristics
of input-output characteristics of asymmetrical relays. And now, we have got to the

outputs of asymmetric relays as shown over here (Refer Slide Time: 48:17).
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Accurate dynamic models help in estimating the
controller parameters

Identification can be made in time and frequency
domains. ==

Relay Control System is a powerful technique for
identification of dynamic models

So in summary, accurate dynamic models help in estimating the controller parameters;
therefore, effort should be made to estimate the parameters of transfer function models or
time domain models as accurately as possible. Now, identification can be done in time
and frequency domain; whereas, the frequency domain based identification techniques

are found to be more convenient and useful.

Relay control system is a powerful technique for identification of dynamic models of real
time processes, because there is no worryness for changing or getting suitable values for

the proportional gains, proportional controller gains.
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P.1 Why is the frequency domain based identification
so popular?

P.2 Relay in the loop drives the system operation to
the verge of instability.

Is that not dangerous for a system?

-
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Coming to the points to ponder one may ask, why the frequency domain based
identification is so popular? Frequency we have got time and frequency domain based
identification techniques, it is possible to estimate parameters of simple process model
transfer functions using frequency domain based identification; also, it is a closed loop

test that is the advantages we get from frequency domain based identification techniques.

The second point is, relay in the loop drives the system operation to the verge of
instability, is it not dangerous for a system? No, relay ensures limit cycle output
sustained oscillatory output, unlike the earlier case, where when proportional gain is
more than certain value, then in that case the output may blow out; this is the not case
with relay control system, relay induces sustained oscillatory output, thank you that is all

in this lecture.



