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The main objective is to apply the genetic algenitto solve different control problems in the
complex domain. The problems of single input singlgput i.e. PID controller design, 1st order
system, 2nd order system, delay system, Multi igma single output system and multi input multi
output system are in continuous-time systems. Sdaar performance index as an error function

between the developed reference model and thedclosp system, where the controller parameters
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are computed to minimize the performance index. Jémretic algorithm and differential evolution
has been used as an optimization tool to minimiperformance index (fitness function) that has
been defined for each of the above problems.
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1. Introduction:

The rapid advancement of science and technologyttend
advent of low cost, reliable and high speed digiaiputers have
led to extensive research in the area of computedacontrol
system analysis and design. The aim is to solveesprablems in
identification, modeling and controller design bypling the
genetic algorithm.

Genetic algorithms (GA) are search procedures iedfiy
the laws of natural selection and genetics. Theylmviewed as a
general-purpose optimization method and have beesessfully
applied to search, optimization and machine leartésks. GA has
the ability to solve difficult, multi dimensionalr@blems with little
problem-specific information and hence has beensemoas the
optimization technique to solve various problemsantrol systems.

The mathematical procedures of modeling practical

systems lead to descriptions of the process irfdira of complex
high -order transfer functions or states space isodéese high-
order models are difficult to use for simulationabysis or controller
synthesis, and it is not only desirable but alserofnecessary to
obtain satisfactory reduced order representatiérssich high order
models. A need exists for design methods that neayded to arrive
at simple low-order implement able controllers thah adequately
control plants or processes regardless of theierprebmplexity or
stability.

Often the need arises to implement a digital cdietran
place of an existing analog controller. One mayesigh a new
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controller in the digital domain or may discretitiee existing
continuous-time controller.

Advanced controller design techniques such as LOG,
etc., often lead to controllers whose order mayegeal to or even
exceed the order of the plant. A suitable low-ordentroller that
retains the dominant characteristics of the origihagh-order
controller is desired in such cases.

2. Continuous-Time Controller Design:
A new GA based method is proposed for the design of

rational continuous-time controllers for linear &fmvariant single-
input single-output (SISO) and multi-input multitput (MIMO)

systems. The design method is comprehensive inrmand is
applicable to a wide range of plant models. Sedactof an
appropriate reference model extends the usefubfeee method to
controller design for unstable systems and nonsmimi-phase
plants. The method relies on the concept of appraté model
matching and yields implement able low-order ralocontrollers
using only output feedback. Increase in the conijmmtal burden
with increase in the order of the plant model igligible thus
obviating the need for order reduction of the pkaahsfer function.
The validity of the method is illustrated by som&amples from the
literature.

The problem of model matching control consists of
designing a controller to compensate a given pkmtthat the
resultant controlled system has a pre-specifiedisfem function
(reference model). The obvious advantage of thisageh is that the
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design specifications (time and frequency domaihpt tare
implicated through the reference model will be imgthe controlled
system. Design techniques for exact model matclaisgwell as
approximate model matching have been proposed ystemss
described by both state-space and transfer funetiodels [Chen
(1970)]. Exact model matching, however, is knowrbting about
certain practical difficulties. It requires overlycomplicated
implementations. System configurations typicallydlve both feed
forward and feedback compensation [Chen (1987)addition, the
compensator TFs are generally of roughly the samheras the plant
TF. Thus, for high-order plants, the controller Iepentation
becomes impractical.The design of a control systeformulated as
an approximate model -matching problem. That theablem is of
great practical importance and provides a viablermétive for the
design of effective, implement able controllerseisdent from the
number of publications in this area (given abovédje objective of
an approximate model matching type of control systiesign may
be stated as: Given an open loop plant TF, P(sigdean overall
closed-loop system so that the plant output y() fellow a given
reference input as closely as possible. The ddsgmy depends on
the chosen reference input. Throughout the papeicamsider a step
input. The closeness of the plant output trackimg reference step
input is checked in terms of steady state and ieahperformances.
In the steady state, we require the steady-state &r be zero and
for good transient performance, we require a pifesdrrise time,
settling time, and overshoot. We also consider ueagy-domain
characteristics such as the gain and phase malgansiwidth, cut-
off rate etc. implicated through the reference Td-the desired
design objectives. Thus, the controller design lammbbecomes:
Given a plant and a reference input (step inp@digh an implement
able dynamic controller that uses only output feettband yields an
overall closed-loop system to meet a given setteddy-state and
transient performance criteria. One of the impdrtaspects of
controller design and implementation is the ordethe controller
and the subsequent hardware complexity. Practemyineers prefer
implement able controllers of low complexity. Var® design
methods have been proposed to obtain low-order ensgiors
based on the Padé approximation technique Pal J1@8&tinued
fraction expansion Chen (1970), least squares nzation Belanger
(1976), and model reduction techniques Lepschy F)198tc.
Kreisselmeier and Mevenkamp (1988) proposed a rdethibich
involves an a-posteriori refinement of the coneolthat has been
synthesized using a reduced-order model of thetplarthe model
matching method of Sanathanan and Quinn (1987)guémrcy
domain optimization is used to obtain a low-ordppraximate of
the ideal controller given by the synthesis equmefio’/Azzo (1981)].
In the proposed method, the controller parametersohtained by
minimizing a performance index (fitness functios)ng the GA and
use the concept of approximate model matching.c8efe of an
appropriate reference model extends the usefubfetsee method to
controller design for unstable systems and nonsmimi-phase
(NMP) plants.

r(s) Controller q

Plant y(s)

P(s)

+ C(s)

Fig: 1 Standard unity feedback configuration
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The Exact Model Matching Problem

Consider the continuous-time unity feedback control
system configuration as shown in Fig. (2.1).P(sy &(s) are
respectively the plant and controller transfer fiores and are given
by

Pun(9) ==—, msn (29
R
Cpa(9) =12—, p=q 22

The subscripts on the left-hand side of Egn. (249 Egn. (2.2)
indicate the orders of the numerator and denominaspectively.
The closed loop transfer function F(s) is then gilsg

Forepneq (8) = { 23

The denominator of Eqgn. (3.3) represents the chexniatic

polynomial of the closed-loop system and is of orfferq). The
unknowns in Egns. (2.2) and (2.3) are ffeeandwy;s  corresponding
to the compensator C(s).

In the exact model-matching problem, it is desitedfind the
unknown parametefy anda; of C(s) such that closed-loop TF, F(s),
exactly matches a general specification TF, M(s)emgby

M K (s) = =0 , k<l (24)
s
i=0
Thus, for exact model matching, we have
F(s) =M(s)
P(s)C(s) _
— =M 25
e pecE] O @9
Solving for C(s), we get
M (s) 26)

“O pef-mME]

Substituting for P(s) and M(s) from Eqns. (2.1) §2dl), we finally
have
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C(8) =Crrnmu (8 = B— 27

k

{ibisi CiSi—ibISiZdisi}

i i=0 i=0 i=0

This is also called the ‘Synthesis Equation’ onufal's method’ for
designing C(s) [D’Azzo and Houpis (1981)]. This trofler has
been termed as the ‘Ideal Controller'.

In some cases, it is found that this design metheag not
lead to the simplest form of compensator. The tegulcontroller
may be of high-order and/or unstable. Moreover @fgy not be
realizable, i.e. improper. Further, the structurel arder of the
controller C(s) cannot be fixed a-priori as hasnbdene in Eqn.
(2.2). In the case of Approximate Model MatchingMM), Eqn.
(2.5) is only approximately satisfied, i.e.

F(s)=M(s) (2.8)

Reference Model Selection:In the model-matching type of
controller design followed in this thesis, the desigoals are
specified at the outset in the form of a referenoadel TF. The
structure and complexity of the controller dependsthe choice of
the reference model TF. The reference model TFldHmichosen to
have a sulfficiently rapid response; on the otherdhi should keep
the high frequency gain of the controller smalhtmid saturation in
the actuators. The reference model might be redjtiresatisfy some
of the following design specifications.

The time-domain specifications, e.g., the rise tino@ershoot,
settling time and steady state error.

The frequency-domain specifications, e.g., the hédith, cut-off
rate, gain margin and phase margin.

The complex-domain specifications, e.g., the dampiratio,
damping factor, undamped natural frequency.

Quadratic optimal criterion.

Some representative model selection proceduresdrigély given
below.

Method: 1.Let a model TF be specified as

M(s) = d, +d;s i

C,+tC,S+S

for steady-state matching,=t,. Then
c, +d;s

c, +Cs+5s°
Let the desired closed-loop specifications that)Més to satisfy be

M(s) = (29)

Velocity error constant: .k

Crossover frequencys,

Damping ratio£

The second-order model M(s) of Egn. (2.9) may heseh to satisfy
these specifications. The parameteysccand d are determined by
solving the following equations [Chen (1970)].

it ~2udod, - =uf

— EQ -d, =0
q[l@jl

¢ ~ 46,2 =0 (219
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For example, when,k20,».=4.5 anct=0.785, Eqn. (3.10) gives,

8.009 +4.04265s
8.009 +4.4431s +s?

M(s) =

Method: 2.Let the desired specifications be
Maximum overshoot: 10%

Time to first peak: 0.01s

Unity final value: no steady-state error,
Choosing M(s)

2

. T
s?+28w s+l

and following the design rules of thumb of Shiefi§1);

T
W, = 2 =300rad/s, M, =exp(-&¢m — §=0.75
Then,
M(s) = 90000 i
90000 +450s +s

Method: 3. A reference model M(s) that is optimal in the sen$
minimizing a quadratic performance index may beseimoas given
in Chi-Tsong (1990). For example, an optimal sysfBF may be
chosen to minimize the quadratic performance index

J= f [q(y(t) —r(t)? + puz(t)}it, where g,p > 0.

A certain value for g and p may be initially choserd M(s) may be
found out. If this model does not meet other rezmints like
control effort, then a different value each is @ms$or g and p and
the steps repeated to find another suitable M(s).

Method: 4. A reference TF

1

ME) = sty

may be chosen Sanathanan (1987) and Quinn (199&}ai€
features of this TF models are

It has only real poles,

It contains no numerator dynamics beyond thosawidtby the loop
type,

It gives sufficient response speed,

Reasonable robustness (in terms of gain and phasgima that can
be imbedded in the TF model),
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It gives reasonable idea of the clodedp time response

Location of the real poles may b#etermined by the syste
specifications for bandwidth and response t

2 Controller Design in Complex Delta Domair— SISO

Introduction: With the present day avability of very high
speed digital hardware which are less expensive arde
reliable, digital control of systems using high speed dig
computer has m®me popular. Consequently, a need is felt
methods of computer-aidedigital controller design which al
devoid of complex mathematical operatiorare conceptually
elegant and lead to loarder controllers while satisfying tt
desired specifications. In this Chapter, we propase frequenc'
domaintechniques that satisfy all these go

The proposed frequency domain methods are basedhe

principle of aproximate model matching. he desired
specifications are translated into a target cl-loop transfer
function, called the reference model. The purpis to design a
digital controller such that the closéalbp system matches ti
reference model in some sense. The method is ped to

design cotrollers in the frequency domain, is controller ides
by matching DeltaTime Moments (DTMs) The sole objective
of the proposed method is to design digital comérsisuch that
the frequency response of the resulting cleloop system
matches a specified frequency response. Several de
techniques for exact and @ximate model matching have be
proposed for continuous-time systemescribed by both ste

space and transfer function modefor discret-time system in
shift operator parameterization, thedoency domain controlle
design methods vis-ais the complex curve fitting(CCF)

method of Rattan and Yeh, dominant data matchin®NIp

method of Shieh et al, and the simplex optimizai{®iV) of Shi

and Gibbard are worth menotiing. In the method of Ratte
and Yeh,the frequency responses are matched to give a mmi
weighted mean-squamror. The method requires the evaluat
of definite integrals and it is knowthat the stability of th¢
resultant system depends on the eppimit of the chosen
frequency range for optimization. The method ofebhét alrelies

on analysis of the frequency response of the sysdanoh the
choice ofthe critical frequencies called the dominant dati
much dependent on tlexperience and judgrnt of the designer.
The method may lead to non-lineatgebraic equations, tt
solution of which is known to be sensitive to thstial guess
vector and may often converge to a local minimae fiethod o
Shi andGibbard minimizes a sum of the squarecor function in

the magnitude and phase of the frequency respoesmtibns
while imposing constraints on the gain and |-zero locations of
the controller. The simplex optimizatiomethod is used and

detailed root locus analysis is required to seafor the

desirable stable locations of the poles and zerbsthe

controller in the unitcircle in the complex -plane. The
computational burden of this method heavy and the final
solution is sensitive to the initial guess valuRal,has proposed
a mettod that uses the bilinear transformation and theqgyple

of approximate model matching in tRPadésense.
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We discuss here three unified controller designhmes for delte
operator parameterization of the disc-time system in3-
domain. The proposedhetrod is computationally simple and
requires only the solution of a set of linear algeb equations
Detailed apriori study of the frequency response is not reegl
to arrive at the equations and no iterative optatiom technique
are involved. Thecomputational algorithms are numerica
stable and converge to a continu-time like controller at very
fast sampling.

8 Controller Plantwith ZOH |1
+ [ } Csly) Pily)

¥

The standard unity negative feedback configuri
Exact model matching problen

Consider the coperator parameterized disc-time unity feedback

AV

system configuration as shown in Figure (2.

C . ,
J(V) are respectively the plant and controller tran&fiections
and are given by

_ 2y
YAy
SrBY
Ylay

The subscripts on the |-hand side of equations (2.1) and (2.2)
represent the order of the numerator and denormimespectively

Gs(»)

Pé(m,n) (y)

Cé(m,n)(y) = psgq----22

The closedeop transfer functiol

. Ewrs) The
Gb(rmp.mq)(y) anygqy+2byxﬁyJ “

denominator of equation (2.3) representse characteristic
polynomial of the closetbop system and is of order (n + ). The

,[:’isancl as

is then given by

unknowns of equation (2.2 are corresponding to

the compensatocr:"(y) . In the exact model matching problem, i

lgiS and aisof Cd(y)
Gs(»)

desired to find the unknown paramet

,such that the closddep transfer functior

M, (¥)

exactly matches

a general specification T

k .
“ d
DIV k<l---24

DGV

Therefore, for exact model matcg, we have

, given by

Mb’(k,l)(y)
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Gs;(y) :M(;(V) ------ 25

P WS  _ 1 ) ——— 25
L R(Cy  Y @

C;(y)

Solving for .we have

M;(y) '
R(MIL-Mu(y)]

Substituting for Ps(¥) and M;(»)
(2.4), we finally have

()= ---26

from equations (2.1) and

> ey ayr) 2.7
"hYY o -3 by Y dy]

This is the so called "Synthesis equation” or "Hllsxmethod" for
controller synthesis. The drawbacks of the abosigdeare that the
resultant controller may not lead to the simplestrf, in addition,
the controller may be of high order and or /JungtaMoreover the
controller TF may not be realizable, i.e. it mayilmproper. Further,
the structure and order of the controller cannofiked a-priori as
has been done in equation (2.2). With this backgroknowledge,
the approximate model matching (AMM) method is msgd for
controller design ob-operator systems. Accordingly, equation (2.5)
is only approximately satisfied, i.e.

GCs(N=M;() __,4

In the next section the AMM method for controlleseyn in theé -
domain is discussed. Using the concept of AMM, difficulties
encountered in Exact Model Matching (EMM) methocdh dae
effectively resolved. It is further possible to @sa compensator of
chosen order and structure that approximately festishe various

C;n = Cd’(k+n,m+l)(y) = [Z

specifications embodied in the desired M,"(y). The method
provides added flexibility of making a tradeoff Wween the or-
der/complexity of the controller and the extenttioich the desired

specifications are met. FgJ(y) to be physically realizable,

(m+1) = (k +n)
(+K)=(-m 54

i.e Ms()must be selected so that the excess of (finitegpolver
(finite) zeros for the closed-loop function is @ast equal to the pole-

zero excess of the plant TEé(V). Therefore to make both the EMM
and AMM methods to be feasible, the above degrestraints on

the choice o+ must be imposed.
The approximate model matching problem:

The Approximate Model Matching (AMM) methods
proposed here are in wide use in the area of retwreer
modeling of continuous-time system and also disetéhe
systems in shift operator parameterization. In fhequency

www.ijarst.com

Jagadish Chandra Pati, Pratap Chandra Nayak

domain, we will use the reduced order modeling ggaphy for
approximate model matching. Model order reductieeks to find

an approximate low-order TFMJ(}/), from a high order TF,
G; (), such that equation (5.8) is satisfied, i.e. the fuction

are made approximately equivalent in some sens¢hdnDTM
technique, few proportional DTMs of the respectsystems are
made identical, i.e.

d'G;(n)| _d'M;(»
d; o= d; |, === 210
1=0,1,2,..c i J(k+l+1)
05 =My --=-211

In the area of reduced order modeling, it is knothat if the
initial few time moments of two systems are idealficheir low-
frequency responses would come close. The sameguphy is

used here for0 -operator parameterized systems, and since most
control systems are low pass, it is expected that dontrollers
designed by matching DTMs would ensure that theflmguency
response of the controlled system is close to #sérdd one.

Selection of standard reference model

Approximate model matching type controller desigetmodology
aim to find a control law such that the input-outplescription
of the augmented system and a specification mode a
approximately equivalent. The success of the madalching
type of controller design greatly depends on theettjpment of a
reference model which incorporates all the timegérency and
complex domain design specifications. For disctate systems

in 5-operator representation we discuss in detailstithe and
frequency domain specifications used for referencmdel
selection.

Control system specifications in 8-domain: For a
discrete-time system iB-domain having an order higher than
two, relations between the specifications in thmeti frequency
and complexd -domain can be very complicated. In many cases,
however, the dynamic characteristics of high-ordamtrol
systems are well represented by those of a secatet eystem or
model for which the relationships between specifices are
simpler. The second order transfer function

Ay+B

m___ 212

Ms(y) =

is chosen as the model for the closed loop distiei® system ird-
domain. For a pole-zero form of this transfer fumtin z-domain,
Kuo, has derived expressions for the time domakcijzations,
in terms of a set of complex z-domain specificasiodury, has
developed relationships between the system frequeesponse
and its time response; however Shi and Gibbard helated
both time and frequency domain specifications with complex
z-domain specifications. I®-domain, however, no exhaustive
study has been made so far to relate time and ére;yudomain
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specifications with the complékdomain specifications. An attempt
is made to address these issues.

Second order reference model ib-domain: A second
order reference model ixdomain is considered. The location of

the complex pole( Py, Ps) and the real zeroZy, of the delta

transfer functionM 4 (}/) are shown in Figure 2.2.

The zero is arbitrarily assigned along the reas &yi the angle0 as

shown in Figure 2.2. Assume that the specificatidos the
closed-loop system performance are expressed incomeplex

y -plane in terms of damping rat{p, the undamped natural

frequency @, and the anglg . The purpose is to express the

A, B, C andD coefficients of the closed-loop transfer functidn o
eqn.(2.12) in terms of these parameters. The seocoter
discrete system with unity feedback, as in eqnapi% adopted

for analysis. If it's open-loop transfer functioa Fd(y), the

closed-loop transfer function can be expressedhin following
form:

Imfy]

- HI

D‘/_m

Reft]

Figure: 2.2 Location of poles and zeros of the
Reference model

_ R

M) = 1+6F5(V) 213
__ Alytzy)

M,()=— L) 214

D= =000~ 27)

Ms(y) = l_e,wf‘j(vif 2) g~~~ 215
ly-(= A Ity—( A )

where G is the damped natural frequency of system oscdtati

(rad./sec.) and is related @), (natural frequency) by

w=wmnf1-& ---216
A is the sampling period (s), and is related to shenpling

frequencyd, (rad./sec.) by

A= E ----2.17
),

S
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If we denote the real and imaginary parts f¥;asR and|,

respectively, the poles may be expressed as

ps;=-R+jl -—--218
Py =-T—jl ——-219
where
_ Qoo
Rzl € coswA___220
A
IO i
| =€ smwA___221
A

From the geometry of Figure 2.2, we can write,
p:92—¢91+§——— 222
Where
6, = tar(——) - - - 223
-R

1
z0,-R
From eqn. (3.21),
tan(o -90°) =tan@, - 6) ——— 225
Expanding the right-hand side, and substituting t@m@l

6, = tan™(

)-—- 224

and tan92 from eqgns. (3.24) and (5.25), we obtain the real

zZero as

Rtan(o - 7)(R? +17)
= 2 -—-226

Zsn

1T,
[Rtan(p—E) -1

Note that Zy is permitted to lie in the range 0,0) on the

real axis, 0 will vary from a lower Iimit(p)toﬁ
Y2

The lower limit O, of O is
p1= lim p= lim (6, -6, +2)----2.26
Z§1>—X 2

251%—0(
substituting eqns.(2.23) and (2.24) yields
pL= g - tan'l(_I—R) ----5.27

From eqns.(2.16) and (2.19)

1-e~%%coswA
— 2.28

Cc=2

D= [(1—9‘”zcoswA)2 " (e“’AzinwA)z] _____ 229

The gain in egn. (3.18) affects only the steadytest@sponse
of the closed-loop system. It is assumed that usteady state
conditions the difference between the output angutnsignals
is zero. Hence from egns. (2.12) and (2.14)

Y(y)_| Ay+B _ _E_ _____
W_Lﬂwyw J Y= O_D_ 2.30
B=D

And
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finally the open-loop TF is

Ay+B

yy+c-a1 233

Fs(y) =

Methods of Controller designing: Consider the controller
configuration of Figure 2.3. Letpd(y) be the O -domain

equivalent of the continuous-time plant includirg tzero-order
hold (ZOH), andcg(y)be the transfer function (TF) of a rational

cascade-controller, the parameters of which are ke

determined. Thed -domain representation of the system is
given in Figure 2.4. This design method is basedtlom fre-
quency domain approximate model matching conceptried
above. The design objectives (i.e. the desired t@me frequency
domain specifications) are translated into a ralotransfer
function model. The controller parameters are tdetermined
such that the closed-loop system with the abovetralber
(Figure 2.4) approximates that of the specificatinadel in some

sense.

Table 2.1: Time domain specification for reference model

Specifications for the desired performance of thesed-loop
systems are formulated in the time domain (peramta
overshoot, rise-time), frequency domain (gain margphase
margin, resonant frequency etc.) or complex domai
(damping ratio, frequency of damped oscillation) discussed
above. The closed loop reference model that sadisfigiven set of
desired performance specifications is shown in FEg2.5 In the
design method we use an open-loop-equivalent dpatin
model F,(y) as in Figure 2.6 of the closed-loop reference nhode

(Figure 2.5), such
that F ()) with unity-negative feedback equalg (y). So,

for system in Figure 2.6 to be equivalent to thevegi
closed-loop specification model in Figure 5.5 weda

s _
Trrsp ~ Ms () —2:35

Solving, we have

=M
Fs() = oy 236

C/L sys. in - plane y -plane C/L step res
¢\ |Poles Zeros t% %dVip tY A

0 2999 |-05759  + 0.4404i -0.9007 7.8307 7.14507 10. 1900
10 0 2999 |-05759  + 0.4404i -0.8042 7.3070 8.4616 10. 2416
20 0 2999 [-0.5759 + 0.4404i -0.7140 6.7251 10.5225 10. 4011
30 0 2999 |-05759  + 0.4404i -0.6332 6.1432 13.5479 10. 6788
40 0 2999 |-05759  + 0.4404i -0.5560 5.5613 18.1738 11. 0960
50 0 2999 |-0.5759+ 0.4404i -0.4775 49794 25.6998 11. 6927
60 0 2999 |-05759  + 0.4404i -0.3926 4.3975 39.2036 12. 5472
70 0 2999 |-05759  + 0.4404i -0.2943 3.8156 68.0051 13. 8388
80 0 2999 |-0.5759+ 0.4404i -0.1710 3.2337 158.9355 16. 1444
-1 0 2999 [-0.5759 + 0.4404i -0.9251 79471 6.9047 10. 1901
-10 [0 2999 |-05759  + 0.4404i -1.0549 8.4707 6.0098 10. 2416
-20 [0 2999 |-05759  + 0.4404i -1.2646 9.0526 5.3079 10. 4011
-30 [0 2999 |-05759  + 0.4404i -1.6341 9.6345 4.8538 10. 6788
-40 [0 2999 ([-0.5759 + 0.4404i -2.5464 10.2164 4.6245 11. 0961
-50 [0 2999 |-05759  + 0.4404i -10.2796 10.7983 4.6446 11. 6927
-60 [0 2999 |-05759  + 0.4404i +2.8142 11.38025 5.0321 12. 5472
-70 [0 2999 |-05759  + 0.4404i +0.8292 11.9621 6.1997 13. 8388
-80 [0 2999 |-05759  + 0.4404i +0.2735 12,5441 10.2911 16. 1444
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Table: 2.2 Coefficients of the reference model

P Sys. coeff.
A B C

1 0. 5837 0.5257 1. 1519
10 0. 6536 0.5257 1. 1519
20 0. 7362 0.5257 1. 1519
30 0. 8302 0.5257 1. 1519
40 0. 9455 0.5257 1. 1519
50 1. 1008 0.5257 1. 1519
60 1. 3387 0.5257 1. 1519
70 1. 7859 0.5257 1. 1519
80 3. 0736 0.5257 1. 1519
-1 0. 5683 0.5257 1. 1519
-10 |0. 4983 0.5257 1. 1519
-20 |0. 4157 0.5257 1. 1519
-30 0. 3217 0.5257 1. 1519
-40 0. 2064 0.5257 1. 1519
-50 0. 0511 0.5257 1. 1519
-60 |0. 1868 -0.5257 1. 1519
-70 |0. 6340 -0.5257 1. 1519
-80 1. 92165 -0.5257 1. 1519

Thus given the desired specification modgl, (y) , the open-loop
equivalent specification modeF, () may be obtained as

equation (3.36). We chooseraalizable discre-time controller
transfer functionc, (y) of orderq « n.

We proposed one method for controller design ofC5§ystems ir
a--domain. The first method is the extension of theticmou«-

time CPA technique in thé)-- domain defined as DTM techniqt
The method presented yietdntrollers whose orders are know-
priori and the output of the controlled processchas that of th
reference model.Now we will discuss some exampleSISO
system.

it
"O—/_' Cncf;trollar L3 I0H | Plant >
AR ily)

Figure 2.3: Unity negative feedback samptieda control syste
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ol Cgl¥l RiY)

Y
Y

Figure: 2.4 theO -domain representation of the systerr
Figure 2.

PID Controller:
Example 2.1: For illustrating the methodology of techeme,
simple plant is taken as:
3
G (s)=—5—
() s?+4s+3
The following model transfer function satisfies,=5.0,£=0.707

4.242s+25

M) =——————
() s?+7.07s+25

We choose a PID type of ppempensator:

C(s) =k, +ﬁ +Kkps
S

The parameters of the compensator, obtained bymizirig the Hoo

are given in Table 2.3.
In discrete delta domain taking delta=

0.1315/+ 2466
V2 + 3543+ 2.46€

G, =

3898/ +17.56

& M =
)= 6824y +1756

The parameters of the compensator obtained by muodéthing
method using genetic algorithm are also given i tdible2.3. Th
time response obtained by continuous time and etisatelta domai
is shown in the fig.2.5

Table: 2.3Controller parametel

Fitness | Range | Value Value obtained| Paramter
value obtained from discrete
from delta domain
continuous | using GA
time using
GA
0.0121 | 1,15 | 1.361: 1.3412 k
9,11 10.047: 10.0675 k
8,9 8.057¢ 8.0386 k
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PID CONTROLLER

reerence mudel
Cnntmenus tirne model using GA

\\A Discrete delta domaln model using GA

1 -
=
=
= H H
2 H H
OB (F---mmeemmmeemenes Skt EETTRTTS RS ERPPPFPRE g
l | |
L R =
0.2 [-mmmmmmmmm e B e -
o i i
0 5 10 16
Tirne
Fig: 2.5

Phase Lead Type Controller

Example 2.2: Let the plant be given by

S
20(1+—
( 1.5)

G"(S) s s S
s(1+ E)(l*' E)(l*' 5)

The desired performance specifications are: veloeitor constant
Ky, =20, damping ratio£=0.785, crossover frequency.=4.5.

Following the method of Chen and Shieh (1970), thidowing

model is obtained:

4.04265s +8.009

M(S) = 5 2 24315 +8 000
s? +4.4431s +8.009

A phase-lead type of pre-compensator is chosen:

C(s) = k(s +PB)

(s+a)

The parameters of the controller obtained by usimgy proposed
method are included in Table.2.4.

In discrete delta domain taking delta=0.1

2506)° +3466/+ 4353
y? + 19457 +1174y+ 2177

G, =

3566y + 6424
y? + 423y + 6424

and M, (y) =

The parameters of the phase lead type of compenshtained by
model matching method using genetic algorithm ése given in the
table 2.4. The time response obtained by contintimesand discrete
delta domain is shown in the fig.2.6
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Table: 2. 4controller parameters.

Fitness Range Value in Value in
value continuous Discrete
time Delta
0.6654 0.07,0.1 0.0918 0.0901 k
4,45 4.0053 4.000 B
0.3,0.5 0.4138 0.4475 a
PHASE LEAD TY¥PE COMNTROLLER

1.4 :

contineous time model

referehce model

ﬁr%_' discrete defta mudel

(1= - beemmmmee e .

OUTPUT

06
0.4

o] S S -

Tirne
Fig: 2.6
Second Order Type Controller:

Example 2.3: Consider the following plant:

20
G,(s) U
s(I+—)A+—=
( 10)( 30)
The following desired model satisfies the valuesvelocity error
constant k=20, damping ratig=0.7, crossover frequenay.=5.

4.355+12.674

M(s) =
s*+4.984s+12.674

We choose pre-compensator of the following strectur

s?+cs+d
s’+as+b

C(s) =

The parameters of the controller obtained by ugimgy proposed
method are included in Table 2.5.

In discrete delta domain taking delta=0.1

9461y +1201
Gy(y) =
V2 + 1582y + 6006
3889y + 9876
N, ) = y

y? + 4913/ + 9876
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The parameters of the second order type of compmnshtained by
model matching method using genetic algorithm ése given in the
table2.3. The time response obtained by contintiows and discrete
delta domain is shown in the fig.2.7

Table 2.5controller parameters.

Fitness Range Value in Value in| Parameters
value continuous Discrete
time Delta
0.382 22,23 22.1188 22.8157 a
13,14 13.6543 13.6407 b
6.5,7.5 7.1810 7.0009 c
13,14 13.6687 13.0265 d

SECOND ORDER CONTROLLER
1.4 T T

1| SR S i
T ™ referehce model :

—'Tb discrete delta domain model 3

EDnléﬂEDUS[ImE maodel
DB H - i i E

OUTPUT

) —tiité-i$ titi .

1] PO S -

Tirne
Fig: 2.7
Delay Type Controller:

Example 2.4: Consider a general second-order plghttime delay
. 200e°°
as: -
G(S)=—""—
(%) s? +10s +100
We choose the same desired model as in Example ahd,
incorporate a time —delay of 1sec, as shown below:

(4.04265s +8.009)e™®

M(s) =-—;
s +4.4431s +8.009

We choose a PID controller as:
1 K
C(s) =k, +— +kys
S

The parameters of the controller obtained by ughmg proposed
method are included in Table 2.6. The time respoase given in Fig
(2.8).

In discrete delta domain taking delta=0.1 & delaet.
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2417y + 5426y + 3045
G, == 2
V' + 4443/° + 7403/2 + 5482y + 1522

M () = -8.882e-016)° + 1413/° + 2981y + 1555
’ V* + 44477 + 7437)° + 5545+ 1555

The parameters of the delay type of compensat@ireddd by model
matching method using genetic algorithm are alseergiin the
table2.6. The time response obtained by contintious and discrete
delta domain is shown in the fig.2.8.

Table: 2.6 controller parameters.

Fitness | Range Value in| Value in | Parameters
value continuous | Discrete
time Delta
0.7191 | 0.0003,0.005| 0.0038 0.0040, p k
0.2,03 0.22993 0.2300 | k
0.3,0.6 0.48 0.4603 | |k

DELAY CONTROLLER
14 : : 1 ' '

continecus time model

Referente modsl

Di

CQUTPUT

.04 i i i i i
0

Fig: 2.8

3 Controller Design for MIMO Systems

Introduction: In recent years, considerable research efforts have

been concentrated to develop time domain methodsidsign of

controller based on state-space description. Ajhaihe state-space
methods are computationally elegant, they requeasarement of all
the states leading to increased cost for contretesy design. In

addition, if all the states are not available foeasurement, we
further require designing an observer to estimat dtates. This
complicates the structure of the control system asdlices the
reliability of the overall system. In an alterna&iapproach in this
chapter, simple low-order dynamic controllers aesigned that use
only the available outputs for feedback purpose.

From a practical point of view, methods using oolitput
feedback are normally preferred. A drawback of gméEement
techniques is that no zero-placement is done ettpliavhile the
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transient response of a system depends very muttheqguositions of
the poles as well as the zeros.

In model-matching type of controller design techmiga
controller is designed such that the closed loogtesy behavior
follows that of a reference model. The referemoelel is chosen to
exhibit the desired transient and steady stateorsss. Methods
based on exact model matching (EMM) often yielddjomatching at
the cost of controller complexity. The resultanbizollers may be of
very high order and may sometimes not be realizable

In this Paper three methods are proposed for degjgn
cascade rational controllers for linear discreteeti multivariable
industrial systems using output feedback. The nusttaye based on
the principle of approximate model-matching as mgloto exact
model-matching design procedures. Some illustragixamples are
given to illustrate the usefulness of the propasethods.

r(y)

R(
(¥) Controller .| Plant

Cs(y) | B

>
L

Fig: 3.1 Standard unity negative feedback configuration
MIMO controller design methods
The objective of the MIMO controller design methdssed on the

concept of AMM, is to find the controller TFI\?‘S(V) in Figure 1
such that the closed-loop system has satisfactabyilisy properties
and the transient response to a specified demactdrvet) follows

closely that of the reference transfer function rinatM 5(}/) of
Figure 3.2. The precise design objectives and tlegred of
interaction permissible will, however, vary frompdipation to ap-
plication. The important general properties cdesed in the present
work are

Stability
Closed-loop transient performance
Steady-state response and steady-state errors
Interaction minimization between various input-autjwops
The MIMO controller design methods presented his t
Paper are based on model matching technique. .

RV Y1)
] Fsy

v

A

M,y

Fig: 3.2the reference model for desired closed loop cosisiem
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MISO SUB OPTIMAL CONTROL SYSTEM

Example 1: We consider the voltage-regulator exarfigm Sannuti
and Kokotovic (1969):

-02 05 0 0 o 0
0 -05 16 0 o 0

A= 0 0 -1429 8715 0| B=/0} C=[1 0 0 0 0}
0o o0 0 -25 75 0
0o o0 0 0 10 30

Q=diag(10,0,0,0); r=% K, =[0.9245 0.1711 0.0161 0.0492 0.2643];
Koy =[0.9245221 0.1705645 0.0405198 0 0]

A suboptimal controller has to be designed by ushrg first three
states for feedback purpose. We choose the follpwinucture for
the feedback matrix K.

K=[xQ) x2) x@3) 0 0]

Considering the same problem in discrete delta domaking delta-
0.1

- 01980 04828 00255 00466 00845

0  -04877 08257 20659 53298
Ay=l 0 0 - 76045 126022 651929
0 0 0  -91792 142897
0 0 0 0  -63212
0.0592
5.0917
B,y =| 101.525
39.7432

18.9636) C,y=[1 0 0 0 0] o D,y=0

The parameters of the multi input single output pensator are
obtained by model matching method using genetiordtgn are also
given in the table3.1 The time response obtaineddnginuous time
and discrete delta domain is shown in the fig.3.3

The controller parameters are given in Table 3rid ¢&he time-
response comparisons are given in Fig 3.3.

Table 3.1 Controller parameters.

Fitness | Range Value in Value in | Parameters
value continuous | Discrete
time Delta
0.2443 0.92,0.93 0.9218 0.9218 x(1)
0.17,0.18 0.1701 0.1793 x(2)
0.016,0.05 0.0497 0.0414 x(3)

The parameters of the multi input single output sptimal
compensator are obtained by model matching metlsatggenetic
algorithm are also given in the table3.1 The tiregppnse obtained
by continuous time and discrete delta domain isvshia the fig.3.3
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The controller parameters are given in Table 3rid the time-
response comparisons are given in Fig 3.3.

MISO SUB OPTIMAL CONTROL

1.4 T T
12 prrmemmemnene e R O R P PEY FER PR PP PP e PP B
Cpnt.time model
1k re:ference model
diserete delta madel
DB - frmmmmmmmnmmmnnnees LT TR FERTTRRRTREPRRPRERE g
= : H
Z H
5 H
= H
0.5 N R A -
] E
| |
L g
| :
0.2 } """"""""""" -
o ] i
1] & 10 15

Tirme
Fig: 3.3
MIMO SUB OPTIMAL COTROLSYSTEM

Example .2: The numerical data refers to a Macfiyfit condition
of a supersonic transport aircraft [Markland, 197Bg¢ system
equations are:

-0.037 0.0123 0.00055 -1 0.00084 0.000236
A= 0 0 0.08 0.804 | _ 0 0
-6.37 0 -0.23 0.0618 | 0.08 0.804
1.25 0 0.016  -0.0457 -0.0862 -0.0665

0100
1.8623 -0.1798 -0.7008 -6.4075
C=|0 0 1 0 Q=r=l Ky =
000 1 -3.9387 09279 15541 2.9926

A suboptimal controller has to be designed by ughw last three
states for feedback purpose. We choose the follpwinucture for
the feedback matrix K.

([0 XD x@) x@)
10 x(4) x(5) x(6)

The controller parameters are given in Table 3] &he time-
response comparisons are given in Fig (3.4.)

Considering the same problem in discrete delta dotaking delta-
0.1

-0.0993 0.0123 0.0004 -0.9938
-0.3152 -0.0001 0.9886 0.0136

Asy =
-6.2686 -0.0039 -0.2275 0.3757
1.2372 0.0008 0.0158 -0.1075
0.0051 0.0036

g, -| 00039 00399 0100

a¥ 0.0777 0.7938 | C,y= 0010
-0.0857 -0.0656 0001
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00
D;,y=| 0 0
and 00

Table 3.2 Controller parameters.

Fitness | Range | Value in Value in| Parameters
value continuous | Discrete
time Delta
0.4617 | -0.38, | -0.3689 -0.3688 | x(1)
-0.35
-1.56, | -1.5297 -1.5297 | x(2)
-1.5
-8, -6 -6.0248 -6.0254 | x(3)
12,15 | 1.2532 1.2725 |  x(4)
34 3.0589 3.0276 x(5)
4,6 5.4817 54818 | x(6)

The parameters of the multi input multi output(MIYIl@mpensator
are obtained by model matching method using gemdgiarithm are
also given in the table3.2The time response obdabne continuous
time and discrete delta domain is shown in th&fip.

The controller parameters are given in Table 3.8 #me time-
response comparisons are given in Fig3.4

Arnplitude

reference fnodel |

\_L_._—‘» disciete detia mods)

04k}

7 I N S N N N NS B

]
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Amplitude
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Time(sec.)
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Conclusions: The present work has dealt with the development

phase

control system design using of GA based techesdfor solving
various problems in single input and single outpl8Q) control like,
PID control, first order system control, secondeordystem control,
lead
(MISO)control and multiple input and multiple outfdIMO) sub
optimal control in continuous-time systems.

type control, multiple input and singbaitput

Overall, it may be stated that the proposed GAetbas

methods for solving the above-mentioned controbjenms are viable
and compare favorably with other established methfsdm the
control literature. Throughout the paper sevetakitative examples

i have been given to validate this claim, and for ynamamples,

comparisons with other available results from titerdture are
included. The main advantages of the proposed igabs are in
their general applicability, simplicity of the régnt controller /

=1
=

=
iy
)

o
%)

o
)
i

=
X}

o
o

(=1

o
=
5}

o

003

model, ease of formation of different fithess fumes, no strict
requirement of the initial guess vector, flexilyiltb work with fitness
functions framed in the time or frequency domaliexibility to work
with a transfer function or state-space descriptiond a general
guarantee to arrive at (sub) optimal results.

In spite of the several problems considered is thork,

many important areas in control like adaptive calfdr tuning,
adaptive control, identification of multivariableominear systems
etc. may be taken up by future researchers.
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