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In this disseriation, we propose to use optimization
technigues in the frecuency domain design of control system.

'

This 1s different from the optimal control techniques in

Ve

feus

which optimization is done in the %ime domain. The obloct

of this work is to test the suitebility or othmrwise of
using optimization tachniques to Find ths controller
parameters so as to minimize thz squared srron of frogquency
rosponse deviations of thg controlled system and a specis
fication models The gr aphs have also been drawn for time

rasponse and frequoncy response of dlffnr~nt casoss The

roesults gre a2ttached at the ond of oach caso.
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I. INTRODUCTION

Design of control systems represents an interesting
and compleéx subject in control system studies. In a |
simplified manner the design problem of control systems

can be described with the aid of the block diagram of

" Figure 1,
u(t) y (t)
—> % Controlled process G_ j— .
Control PRI control Variable
Vector ' Vect0r=(0utput'Vecto;)

Fig.ls Block Diagram of a controlled
Process.

The Figure 1 shows a cbntrolled process whose oﬁtput
Vector Y (t) represents q controlled variables and the
control vector u(t) represents p contfol signals. The
problem is to find a set of.'épprOpriate' signals u(t),
so that thé controlled vériable vectoi yY(t) behaves as
desired. The.description of the basic design problem is
simplified.b? overlooking the possible existence of

'external disturbanéese

Once the desired control vector u(t) for satisfactory
control is determined, a controller is usually needed to
generate this control from the reference inputs and the

state vector X(t) or output Y(t).
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—>»—1 Controller

7T .

Fig.2: Block Diagram of. a control system
with output feedback.

ult ' .
28 Foontrolied process 'Y(Fl>

Figure 2 illustrates the block diagram of a control system
whose control vector is derived from the input vector,

and the output vector. This type of system is referred

to as an output feedback system. The block diagram is
intended only for the purpose of illustrating the philosophy
of designing control systems and no attempt is made to

include all possible configurations,

The design and parameter adjustment of the open
ldop transfer function of the system for specified closed
loop performance is carried out somewhat more»easiiy in
frequency domain (i.e. through frequency response) than
ir time domzin Ji.e. through time response), Further,
the effeccts of noise disturbance and parameter variations
are relatively easy to visualize and assess through
frequency response. If necessary, the transient response
of a syétem can be obtained from its frequency response

through the Fourier integral.

The frequency response is easily evaluated from

the sinusoidal transfer function which can be obtained
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simply b? replacing s withdW in the system transfer function
T(s). The transfer function T(jw) thus obtained, is a
complex function of frequenéy and has both a magnitude

and a phase angle. These characteristics are conveniently

represented by graphical plots.
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I1. REVIEW OF CONTROL SYSTEM DESIGN THECRY

The early stage of the theoretical development of
the design of control systems was characterized by the
works of Nyquist, Nichols and Bode who devéloped such
classical methods as the Nyquist plot; Bode diagram and
Nichols Chart. A unique feature of these methods is that
they are all graphical techniques which are conducted in
the frequency domaine In the design of control systems,
both the time and frequency responses are of importance.
The use of the frequency domain techniques leads to

graphical methods for the design of controllers.

The classical design of control systems involve a
trial and error approach. Thé proper selection of the
system configuration as well as the parameters of the
controller depend to a great extent on the experience and
judgement on'the part of designer, In the frequency domain
design, the design specifications usually are given in |
terms of such criteria as gain margin, phasé'margin,
| peak resonance and band width. These.criteria, however,
should be related to the time.doma in specifications such
as riée time, overshort and settling time which are more
amenable to direct measurements. The distinct disadvantage
of the classical design of control systems is that it

does not indicate whether a solution actually exists for
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the design problem at the outset., It is entirely possible
that design requirements are so stringent or may be contra-
dictory so that they can not be satisfied by any system
configuration or controllers that are physicélly realizable,
Even when a solution does exist, the classical design may

yield a system that may not be the best one,

The introduction of the root locus technique by
Evans in 1950 made possible the design of control systems
to be carried out in the S—-plane. The main advantage of
the root locus method is that information on frequency
domain as well as time domain charécteristicsvcan be derived
directly from the pole~zero configuration in the S-plane,
With the knowledge of the closed loop transfer function
poles and zeros, the time domain response is determined
readily by means of inverse Laplace transform and the
frequency response is obtained from the Bode plot, However ,
the root locus design still is basically a trial and error
procedure and it relies on the reshaping of the root loci
to obtain a satisfactory pole=«zero configuration for the

closed locp system,

The work by Norbert Wiener in the late 1940s opened
a new horizon to the design of control systems. Wiener
introduced not bnly statistical considerations in control
system design, but also the idea of a performance index.

For the first time, the design engineer was able to start
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from a set of design criteria and carry out the design
by means of a completely analyticél procedure. We are
able to design a control system that is optimum or the best
possible with respect to a given performance criterions
The principle of Wiener's Optimization technique is
demonstrated by the block diagram in Figele. The design
objective is to determine thé‘closed loop transfer
function Y(s)/U(s) of the system such that the error
between the desired output and the éctual'output is
minimized. In Wienerts statistical design ttechnique, the
mean=square value of the error e(t) is used as the
performance index J i.e. |
T
J=lin & e%(t)at Cees (D)
T=® 0 ,

The reason for using the mean square error as the
performance index is that the minimization of this parti=-
cular performance index induces an analytical design

procedure.

State Variable approach is a direct time domain
approach which provides a basis for the modern control
theory using system optimization. It is a very powerful
technique for the analysis and design of linear and non=-
linear, time~invariant or time-variant, muiti-input multi
autput systems. The organisation of the state variable
approach is such that it is easily amenable to solution

through digital computers,
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In the present work, wé propose to use Optimization
techniqués in the frequency domain design of control
systemsk This is differént from the optimal control
techniques in which optimization is done in the time domain,
The objectives of this work is to test the suitability or
otherwise of using optimization techniques to find the
controller parameters so as to minimizé the squared
error of frequency response deviations of the controlled
system and a specification model. The details of the proposed

technique are given in the following chapter.,
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'III. FREQUENCY DOMAIN DESIQN USING OPTIMIZATION

The design problem may be stated as follows. Given

the plant transfer function G(s) as

i = .. . YY) (2)

G(s) = =
£ b.st Where m & n
i

!

Let us choose a pre~compensator as

C(s) = L0 ssese (3) |

So that the closed loop system with wunity feedback

is given by

a(s) (s)
T(s) = T GTSVECSY seee (4)

approximates a given model transfer functi on M(s)

q i .
2.; Q.5 R T
M(g)= aBemrocns ‘ eeee (B)

g £, st
i=o 1 Where q £ p

in some sonse. In other words, we seek to design C(s)

so that T(s) approaches M(s) over a frequency fénge

(wos wl)o It may be noted that the function T(s) involves
the unknown parameters Ci’ dﬁ? 16 (0, ) of C(s) Qﬁiié
e;s T3 of M(s) are known. We define the uhigown‘paiéﬁbters

of C(s) as
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p =[G, gsis(, 0] cres (6)

Exrror Criterig @

We may choose any one of the several error criteria
commonly usedes The most popular one is the mean Squared
error function defined by |

Wy : Co

E=$% wf [ T(Gw) = M(Go)|? d ceee (7)

0 :

or morc generally the weighted mean squared error function

defined by
Wy | o
E=% J Wo) |T() = uGw)]? d cees (8)
. . U)O
Where | | reopresents the absolute velue of a complex

function and W(w) is a recal non-ncgative weighting functione

Litoration algorithm ¢

2IEP=1: lake a reasonable guess of the controller
parameters Giy d;e This initial guess nced not be close
to the optimal values, With this choice of parameters

values T(p, jw) can be computeds

2IEP=2 ¢ Usc the element values of Step=l and an analysis
programme to compute the crror function E(p)e If E(p) £ 6 ,
where 8 is a small preassigned positive number, the
probelm is solved, the parameter values chosen in step=-1
are satiisfactory « Usually, we get E(p) > > & , in this

case we must proceed to step=3e
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SIEP=3 & Introduce a small perturbation on the parameter
valuese That is replace Ci by Ci+ éci, di by'di+ Sdi, where
Ci and d; represent the small change on thezelement
values”éi, dg respectivelys This means that parameters
vector p is replaced by p + aﬁQ Using these adjusted para=
meter values, the corresponding transfer function T(§+ 5E,jw)
and the error funcfion E(p + aﬁb canvbé éomputed. We then
choose é so that the following tonCOnditions are satis—

fied 3
;o‘ E(Q + 6R> £ E(Q,)

2¢ |E(n + sp) = E(p)| is maximizeds

The first condition guarantees that the adjustment of tth
the parameter values is in the‘right direction in the sensee
that the nzvw system is one step closer to the desired ones
The second condition assure that R is chosen in an

optimal fashion in the sense that the difference between

the original error function and the adjusted one is as

large as possibies

§;§2~4; Use the new parameterr values p+ p to combute.
T(p + 8p, Ju) and E (g +8 )+ If E(p +8p) £ & , stop the
iterationsy p + 6p is the optimal parameter vector. If
E(p+sp) > 6 sy Use p 46p as the new parametet values,
go back to step=3 and continue the process until one of

the following condi~tions 1 ; satisfied @
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l. EL86 or
20 JEjm Bijs ™

where n is a pre~assigned posifive number and Ei denotes
'the error function at the ith iteration, The first condition
implies that the error function has reached the desired
limit and the iterations can be terminated. The second
condition implies that the erroﬁ function has reached a |
minimum point'(or a saddle point) .and further iterations
will not reduce E appreciably. This minimum howevei, might
be a local minimum rather than the global minimum. In the
case where E has reached, a local minimum a new initial
guess might be chosen and iterative process may be repeated
until the global minimum is found and the optimum parameters

values are obtained.

Mean Squared Error ngimizat;gg :

We use a perturbation technique to compute the
optimum change 6p on the parameter vector p that
satisfies condition 1 and 2 of Step=3 of the previous

aigorithm.

Perturbation Analysis :

To introduce the bésig idea behind the perturba-
- tion analysis, let us first consider the mean squared
error function of equation (7). The generalization to any

error criterion will then follows ¢
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Changing the parameter vector p by the 'small’
vector 6p will cause a change 8T on the transfer function
T(g, jw), which in turn will result in a perturbation SE
on the error function E(p). Using equation (7); the change
in E(p)is -

l Wl - 03 2 - .
E(prop)=E(R)= 5 [ [IT(2,dw)+6T (R, dw)=M(3wd 1" T(p,Iu)
0

~ { T (g Jw)=M(p, Jw) I Jow eses (9)
Equation (9) can be written as

e
E(prop) - E(@) =2 J [(T+6T-M) (T+6T-T)=(T-M) (T-T0) Jow
W o

© | eess (10)

Where T, 6T and M denote the compiex conjugates of T, 8T

and M respectivelys.
Simplifying (10) YieIQS‘i

E(prop) - E(p) = % ?1[<¢T-M)'gf+<a=-mm+ 16T 12 dw
. Yo e Cleds (1)
Since by assumption 6g is small and T(p,Jjw) is
considered to be a smooth continuous function of p then
6T is small, Consequently, T12 1s a second order term in
comparison with the other terms of the integrand, and

hence can be neglected in this equation. We then have
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W

E(prép) - E(R) = 6E(p)= 3 5 [(T-M) 6T+ (T-M)6T) Jaw
| Yo ene (12)
Where 8E(p) is the approximate change in E(p) after
neglecting the second order term using the properties of

complex functions, the equation simplifies to

w _ L ' :
SE(p) = ‘flRRe {[T(E,jw)- M(3w) ] 5T(p,jw)} dW  eees (13)
Yo
8§T(pyjw) can be expanded in terms of the perturbation on
the parameter values as follows

r=1 r

: o
6T =% Sesc.+ T & sq, cees (14)
Where the partial derivatives are taken with respect to
adjustable _ parameters. If there are other parameters
in the system that can be adjusted, the corresponding

partial derivatives will be added to (13). Using a vector

notation, this equation can be written as

8T(RyJw) = gT(e,JW) el ceee (14)

Where we have used the following notations

T , ;6-;-]:;.- cév:rv- —8_.1; é;rm == ]
g (Epj“ [6C » é(~29°°°--cyac 19 adl, 5d2 sees ]

eess (13)
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The function g(p,iw) as defined is commonly referred to as
the gradient of T with respect to p. Replacing 8T(p, jw)
from (14) into (12) and observing that &p is independent

of w, we get

N |
pa ! — - '
8E = ("j"o R, L LT (py sw) =T jW)JgT(R,jW)} dW) SJe) cove (16)

We now make the following important observation. Since

M(4w) is given at each iteration, the parameter vector ié
known (by choosing) then ?(g,jw) and gT(Q,jw) can be

computed for each we Consequently, the coefficient of op

in (16) can be computed in terms of the parameter values of
the previous iterations. Let us, thergfore rewrite (16) in

compact form.

8E(p) =BT(2) 8p eses (17)

Where g(p) is a column vector called the gradient of

E(p) and is defined by

+

w
1
. T
T() = J R, {[T(p,3w)-u(5w)Ig" (pyJu)} aw cees (18)
Yo
The optimization problem now is reduced to obtaining 8p
such that, for a given BT(Q), the perturbation on the error

function 8E satisfies the following two conditions:=
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la 8B € O

2. 8E} is maximized.

. .To obtain an efficient and rapidly convergent

algorithm, it iswhécessary to satisfy condition 2,

To find the solution to our optimization problem,
we must make certain assumptions'regardingvthe 'smallness!

of the parameter perturbatione.
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EXAMPLE 1:
CASE[1]: Consider the design of a system whose model transfer

function is given by

= 22 & 4.242s
M(s) = = 5
25 4+ 7.07s + s

and the actual topology of the system is given as

R(S) g 1 Y(s
Ry C(s) >1 G(s) (&)
- 3.
Where G(s) = 3
s+ 45 + 3
= L
and C(s) = K;[1 + TS J
oV T(,S) = ———-.l.m_ma_
1+ GZS)C?S)
= -
1+ :;f(s2+ 4s + 3)
Ke(l + xls)s'
o) = 3K (1 + 1;51, oy
¢
3K+ wwls(l + KC)+ 4%, 5% 1,8
3K (L + T,3w)
. 1
(g, Jw) = ——mt

~ y 2 y 3
3K+ jW»11(1+KC) 4w T JTgw
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OT(nin) _ -3w2%lfw2.7) + jw(gzljl5mgkl)
%Kc I
2 2)_

Where D = BKC- 4 w -cl-i- jw(31:l+ 3Kc'rl- TyW

.3KC[-W2(7-w2+3KC) + §w<3+ KC*jvg)l

OT(p. iw) _

oG - . 2
1 D
AKC = 5.0
tl =l.0

On writing arithmetic cxpressions

D=CMPL X(3 0 XAKG=4 ;0¥ w** 2% T1 ,3,0% T1+3 JO*AKC* TL~T1*w* ¥ 2)
N A=CMPLX(=3 J0% vt * 2% TL¥* (w* % 2=7 40) ,W* ( 940* TL~15,0% w¥* 2% T1)
N B=CMPLX (=3 ;0% AKCH (—u¥* 2% (7 ,0=wH*2+3 0% AKC) ,

w¥ (3 ,0+AKC=5.0*w¥*2) ) ,-
DH1 = CMPLX(25.0- w¥*2, 7,07%*w)
DH2 = GUPLX(25.0, #.242%w)
DH3 = CMPLX(3.0%AKC, 3.0%W*AKC)
HL = DH2/DHL "
H2 = DH3/D
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CASE~I1I: Again, we consider the same model transfer
function as in the Case=I and with the same plant transfer

function

G(s) o) <
§" + 4s + 3

[Kp+ E% +'KDs]

2
KI+ Kps+ KDs ]
s

1l

but C(s)

The closed loop transfer function is

C(s) G(s) |
1 + C(s) G(s)

[ I+ sKP+ KQ__] _2 ]

s 4 4s+ 3

T(s) =

2
o Ket+ Kos + K.S
14 [ P.ﬁquD ][“"3"—“"“—-]
s , + 4s+ 3
3[KI+ KpS + %Ds2]
T(p,s) = e
% (4 + 3Kp) s+ 3(1 + Kp)s + 3K

I

3[(K - ng )+ JwKp]

YR R Speery

d 2
3K~ (4 + 3KD)W + jw(3 + 3Kp~ w2)

il

T(p’jw)
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T " 3w2(3 - w2) - j3w(9KDw2 + 4w2)
pr » 02 _

3T _ 3[~4w? + jw(3 - w2)]

aKI 2

D

. 3 : :
d -3w2[6K[- 4w2.. 15an2]" jaw [3 + 3K~ W2]
EIKD 02 '

Arithmetic cxpressions will be

-

b = CMPLX(S.O*AKI-(4.0+3aO* \KD)*w**z) mﬁ*(3.o+3 O*AKP-W**2))

NB = CMPLX(B o*(-—4 o*w**z) > .o*w*(s.o-w**z))
NA = CMPLX(-3¢0*M*2*(3.0-;w**2) y .O*w*(9.0*AKD*w**2-4 O ¥*2) ]
NG = CMPLX(=3.,0%w**2(6.0%AKI~4.0%w** 2-15,0%AKD¥ w**2) ,

3 ,0%W¥*3 (3,043 JO*AKP=wH#2) )

T(JW) = 25+ %4 24..w
25=w j7.07Tw

DH2 = CMPLX(25.0, 4.242%w)

DHL = GMPLX(25.,0-w**2, 7 ,07%w)

HL = DH 2/DH 1 | ,

DH3 = CMPLX(3.0%*(AKI-AKD*¢#*¥2), 3.0%AKP*w)
H2 = Di3/D



o Where  G(s) = =

CASE=LII: Considor the design of a plant whose

functioh is given by

. 5 44,0006
H(S) = 25 ! 25 5
25 + 74078 + s

and the desired topology is sheoun below

R(s) v(s)

‘VA(G(S)

K : Ko + sk
Cole) = [kt P = I[AmR)

and

Closed loop transfer function m'*siﬁluc sl...

1+ G(s) C(s)

[Ki+ sKp1/s [3/(s% 25 +3)]

T(s)=
K. + sK
L4 [ B [ ]
s“+4 543
3[K, + sKyj]
T(pys) = S . )

BKI + 3Kys + 33+ 487+ 3s

P

(20)

ypdel

4transfor
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3K_+ 33

T(pyjw) = == M .
' o= w2+ 4w(3K + 3 = o)
1 FWSK, w
s =3E(B + 1K, - wP) - 1o
[ 02
2

dT — =15 w
3Ky 02

Arithmetic expressions will be

D = CMPLX(3.0%AKI=4.0%w*¥2, u¥(3,0*AKP+3,0=wt#2))
CMPLX (=3 o0* wH¥2¥ (3 ,0+12 0¥ AKP~W¥*2) , =12.0%w¥*3)
CMPLX (9.0=15.0%w**2, 0)

DH2 = CMPLX(25.0, 4+242%w)

DH1 = CMPLX(25.0-w*¥*2, 7,07%*w)

H1 = DH2/DH1

DH3 = CMPLX(3.0%AKI, 3.0*w*AKP)

H2 = DH3/D

NA
NB

T

il
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SED _LOOP TRANSFER EUNCTIONS FRQM THE TABLES
gL_AL_gg FROM THE_COMPUTER RESULTS:
EXAMPLE=T
CASE-1:
Sl, Jnitial Guess Final Values . w tow Error
No. K p K g 0" 1

° C 1. __C 1
1. 5.00 1,00 2.4174  2,1653 Oto5  0.2158
2. 5.00 1.00 5.0082  0.9972 0 to 0.25 0.0431
3. 5.00 1,00 5.0272  1.0047 O to 0.5 0.0523

4e  5.00 1,00 5.3016  1,3252 0 tol 0.1142

Closed loop “ransfer function will be

1

Ti(s) =- g v 5y 3 3

3K+ 3tys(l + Ko) + 4tys” + Ik
343492 + 7.2522s
3.3492 + 10.2521s + 45 + s
15,0667 + 15, CQ45S

T2(S) = 5 3

15, 0667 + 18,0245s + 45° 4+ s

15,0110 + 15.0815s

3 15,0110 + 18.0815s + 4s2 4 g°

12,0018 '+ 15.9047s
12,0018 4 18,9047 + 452 4 g
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CASE-TI1I:

Initial quess :

Kp = 5,000
KI = 1,000
Einal values Kp = 0.7470, KI = 1.0514, KD = 00,2338

Error = 0.306 '
‘_Closed loop transfer function will be

2
3[K. + K s + K_s“]
T(s) = L < D

3 2 |
s + (4 + 3Ky)s™ + 3(1 + Kp)s + gKI

3,1542 4+ 2.241s + O.70l482
T( s) = -

3.1542 + 54241s + 4,2338s% 4 &>
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CASE=LLL:
S1v] Enitial auess.. 1Fipal Values wto w  |ErTor

Ai  5.000 1,000  4.1844 0,9717 0 to 5  1a2417
B. 5,000 1,000  4.9991 '140614 0 to «25 0.0014
Co 54000 1,000 449942 1,0027 O to 5  0.0138
D.  5.000 1000 4,9739 1.0029 O tol 0.0938

Closed loop transfer function will be

_ 29151 * 12.5532s8
2.9151 + 15.55308 + 44 o

TA(s)- =

To(s) = meea0032.:5 14290735
B 3.0042 + 17.9973s + 452 + s

3,008l * 14,9826s
Tc(S) - 2 3
3.,0081 + 17.9826s + 4s° + s

320087 + 14,9217s
3.0087 + 17:9217s + 4s

—3
O
—
&)
~r
i

From all these closed loop transfer functions,
we shall determine the time and frequency responses of

the Systems.,
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(25)
EXAMPLE 2; -
Consider the control problem of a plant with time delay

as giveon bolow ¢ o=

2 08 -3043 . ‘ ’ .
The Plant Transfer function G(s) 13001 and C(s)z.—[x:p,,}ﬁxI /s]
Model transfer function M(s)= o3 43[.‘3.594;2_5_’_5;_?.-_992-___]

s+ 4,4431s + 8.009
The closed loop transfer function

Hs) = Tgkﬂéf§§l%TET

2408 g~3e4s [KI+ Kps]

T(g,s) = -
R 13, 232-!- s + 2.08 e 3 43[1\ .;K ]

.08[Cos 34w — s Sin 3.4w) [K;L swKp, )i
-13, 2w+ swt 2.08(Cos 3e4w= s Sin 3 4m»(K + sukp)

T(DJ s) =

.OS[KICos3 4mﬁMKPSin3 4wﬁj(mKPCbs3 dy-K; Sin3. 4m0]

T(p,sw) =
2r3 ~13, 2w +2 ,08[1( Cos3, 4wi~v~&<P81n3 4w]

+3 [w+2.08( wKpCo 83 e4w-K; Sin 3.4w) ]

'@l%l%;-)m = -Z"%SM[-' 13c2w251n3.4w;—wCos3.4w
D
+ J}W(Sln3 4w~l3 2wCost3. 4w)]
Where D = -13. 2w2+ 2.08[K Cos 3a4wt WKpSin 3 Aw]

+ [ wt 2.08(prCbs 3.4w- K;Sin 3.4w)]

Qpagnd. _ 2:087.13,2 42Cos3.4wk w Sin 3edw
=5 .

OA<
+jw(Cos 3adwt 13.2 w Sin 3e4w)]

On writing arithmetic expressions:



NA

NB

-DH1

DH2

HL

DH3

i

(26)
CMPLX(-13 Dy O 2008*(AKI*Cbs(3 4*m0+m#AKP*SIN(3 4*mb).
mﬁ2vO8*(m#AKP*CBS(3 Ay )-AKI*SIN(3 4*m0))
CMPLX(2408%w* (=13, 2% w¥¥* 2¥3IN (3 °4*w) ~w¥COS (3+4%w) )
2.08% it * 2% (SIN (3 4 4% w) =13 4 2% W¥COS* (3 ,.4%w) ) )
CMPLX(2;08*(;i3;2*m#*2*COS(3-4*w)+w#SIN(3.4*m0)s
2.08*%#COS(3,4xw)+1302*m#SIN(3.4*w))).

CMPLx(~w¢w2+8.oo9, 4 443*w)

CMPLX(8.009*cos(3 4% w) +4 ,04265%w*SIN (3, 4*w),
4204265% WECOS* (3 4 4% W) =8 009*SIN (3 4% w) ) )
DH 2/DH 1 '

CMPT, X(2.08*(AkI*CDSg3 4*w)+w*A1\P*SIN(3 4*w)),
2,03% (WrAKP*COS¥ (3 0 4% W) =AKI*SIN {3 o 4%w) ) )



(27)

LQ FIND QLOSED LOOP TRANSEER FUNCTIONS FOR THE SYSTEM

-

Sé' Gucss Values Final Values ' -woto'wl Error

. “Kp Ky K, K,

AL 2.0 0.1  2.0004 0.1135 O to 0.5 0.0002"
A2 2.0 0.1  2,0512 0.0744 O to 0.2 0,0084
A3 2.0 0wl  2,0046  0.1349 O to 0.1  0.0B09

Closed loop transfer functions will be

o) 0.0185 + 0.2956s ~ 0.5385s2 , (.'3150¢3
&) = A
0.0185 + 0.3744s + 0.6334s2 , 2,1558s° + s

Ta1

3.4s

In this example e~ has been approximated as

3eds _ (Lo 3ds/2 (3.45)%/12
1+ 3.45/2 + (3e48)2/12

il

. -1 2
e__3°4s 1l 1075 + 0096335

1+ 1.7s + 0.9633s2

0.0126 + 0.3148s » 0.5587s2 4+ Oo32328°

T,~(s) =
A2 0.0126 + 0439355 + 0.613152 + 2.163s3 + &=

0.0220 + 0.2903s * 0,536252 4 0,1522s°
Tpa(s) ="~ 5 3 s
00,0220 + 0.3690s 4 0.6356s“ 4+ 1,9928s” + s

The model transfer functions can also be simplified as

4,04265s + 8,0M

M(s) = e73e%S [
A ST + 444431ls + 8,009



(28)

3,45 1= l.7s + 0.9633s2
Approximating e V* 77 = : 5 .
1+ 1.7s + 049633s

| 8.3141 - 9.9265s + 0.8745s2 + 4,0425s3
9.0 M(S) = - 2 3 4
8.3141 + 18.,7463s + 16.88795 + 6.2078s” + s

With the help of all these closed loop transfer functions
and the model transfer function, time and frequency

responses have been determined.
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Ve CONCLUSIONS

In this work, optimization techniques have been
used in the frequency domain design of single=input-
single~output control systemss The suitabdlity = of using
gradient methods for optimization to get the unknown
controller parameters have been tested in this work. It
is felt that other powerful parameter optimization
techniques may be used to get better and quicker converg-

ence,

It has been shown that this is a viable method for
control system design for processes with/without time
delay. The convergence of the results are dependent on
a prior good dhoice 6f the controller parameters as well
és on the range of frequency=interval (wé, Wl) chosen
in the performance index. It is found that a small value
of wl(say 1 radian/sec.) normally leads to a good controller

with quick convergence.

The ultimate effectiveness of this method may be
found by testing on a range of real life process models
and this work is relegated to future workers, It is felt
that this is a new addition to the several methods of

control system design available in the literaturec.
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