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In this dissertetion, we propoc to use optimization 

techniques in the fieuency domain design of control system. 

This is different from th opt±mei control techniques art 

which optirniat,on is done in the tirtw domai.n The oh ctJ,vc 

of this work is to test the suitbi1ity or oth :risc. o: 

using optimization technique to find th: controller 

Parameters so as to minimize th cqured crroi ef frq;ency 

response deviations of thc controlled system and 	spt'ci..r 

fication model, The graphs have also been drawn for time 

response and fro•qucncy response of different cases, The 

results are attached at the cod of each case4 
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I. INTR DUCTI N 

Design of control systems represents an interesting 

and complex 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 

p 	Control Variable Control 

 

Vector  
" 	 Vector (output Vector) 

Fig.l: Block Diagram of a controlled 
Process. 

The Figure 1 shows a controlled process whose output 

Vector y(t) represents q controlled variables and the 

control vector u(t) represents p control signals. The 

problem is to find a set of 'appropriate signals u(t), 

so that the controlled variable vector Y(t) behaves as 

desired. The. description of the basic design problem is 

simplified by overlooking the possible existence of 

external disturbances. 

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) 



(2) 

r- --- Controllers--mot) 	Controlled process - (t  

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

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 

loop transfer function of the system for specified closed 

loop performance is carried out somewhat more easily in 

frequency domain (i.e. through frequency response) than 

it time domw in ji,,e, through time response), Further, 

the effects of noise disturbance and parameter variations 

are relatively easy to visualize and assess through 

frequency response. If necessary, the transient response 

of a system 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 by replacing s withfw in the system transfer function 

T(s) . The transfer. function T(jw) thus obtained, is a 

complex function of frequency and has both a magnitude 

and a phase angle. These characteristics are conveniently 

represented by graphical plots, 
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II. REVIEW OF CONTROL SYSTEM DESIGN THEORY 

The early stage of the theoretical development of 

the design of control systems was characterized by the 

works of Nyquist, Nichols and Bode who developed such 

classical methods as the Nyquist plots Bode diagram and 
Nichols Chart. A unique feature of these methods is that 

they are all graphical techniques which are conducted in 

the frequency domain. 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. The proper selection of the. 

system configuration as well as the parameters of the 
controllez 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, phase margin, 

peak resonance and band width. These criteria, however, 

should be related to the time doma in specifications such 

as rise 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 physically 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 characteristics can 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 loop system. 

The work by Norbert Wiener in the late 1940s opened 

a new horizon to the design of control systems. Wiener 

introduced not only 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 analytical procedure. We are 
able to design a control system that is optimum or the best 

possible with respect to a given performance criterion*  

The principle of Wiener's optimization technique is 

demonstrated by the block diagram in Fig.l. The design 

objective is to determine the'closed loop transfer 

function Y(s)/U(s) of the system such that the error 

between the desired output and the actual output is 
minimized. In Wiener's statistical design ttechnique, the 
mean-square value of the error e(t) is used as the 
performance index J i.e. 

J = Lim 	I T  e2(t)dt 	.., (1) 
T ♦taD 	o 

The reason for using the n'ean 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--Ainvariant or time-variant, multi-input multi 

output 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, we propose to use optimization 

techniques in the frequency domain design of control 

systems. This is different 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 minimize 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 DESI C\1 USING OPTIMIZATION 

The design problem may be stated as follows: Given 

the plant transfer function G(s) as 

in 
E_ ais1 

G(s) = i::to- -r..~ 	, . 	 .... (2) 
Where in j n 

i=o 

Let us choose a pre—compensator as 

r-1 
E Cis' 

C( s) = 	 .... (3) 
E 	di s' 
i=o 

So that the closed loop system with unity feedback 

is given by 
G(s) C(s) 

T(s) =  

approximates a given model transfer functi on M(s) 

E eisl  
M(s)=  

]'pea 

i 
fis 	Where q < p 

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

so that (s) approaches M(s) over a frequency mange 

(w0 , w1), It may be noted that the function T(s) involves 

the unkno parameters C. , d. , i Q (0, r) of C(s) while 

oi9 fi of M(s) are know-i. We define the unknown parameters 
of C(s) as 
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= [Ci, di; 1 9 (0, r) ] 	 .P.. (6) 

Error C"ri teri a 

We may choose any one of the several error cr.toria 
commonly used. The most popular one is the moan squared 
error function defined by 

wl 	 ,... 
E = 	f IT(i) — M(jw) 2  dw 	 .... (7) 

W 
0 

or more generally the weighted moan squared error function 

defined by 

E = 2 ,T W(w) T(jw) — M(jw)1 2   d 	.... (8) 
w 
0 

Where I 	represents the absolute value of a complex 
function and w(w) is a real non—negativo weighting _function, 

I terati nn. 	 : 
&T EP- 1: 	;:take a reasonable guess of the controller 
parameters C.j, di. This initial guess need not be close 
to the optimal values. With this choice of parameters 
values T(p, jw) can be computed. 

STEP.,:  Use the element values of Stop—1 and an analysis 
programme to compute the error function E(p). If E(p) -<  , 
where g is a small preassigned positive number, the 
probelm is solved, the parameter values chosen in stop--i 

are satiisfactory . Usually, we get E(p) > > R , in this 

case we must proceed to step-3. 
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JEP3 I Introduce a small perturbation on the parameter 

values. That is replace Ci by Ci+ Si, di by di+ 6d1, where 
C~ and d1 represent the small change on tho. oloment 
values Cl, di respectively' This means that parameters 

vector p is replaced by + Sk,. Using those adjusted para-• 
motor values, the corresponding transfer function T(b+ St,3w) 

and the error function E(k + S1,) can be computed. We then 

choose , so that the following two conditions are satis-- 
fled : 

le, 	E( + $) < E() 

2, 	I E(ja + gja) N- E(v) I is maximized. 

The first condition guarantees that the adjustment of tth 

the parameter values is in the right direction in the sens.ee 

that the n:.:;,.; system is one step closer to the desired one. 
The second condition assure that g 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 possible' 

Use the now parameterr values p, + g to compute 
T( , + S~, jW) and E (p +S ). If E( + Sg) 	6 , stop the 
iterations; p - Sp is the optimal. parameter, vector. If 

E(pp + Sg) > G , use ,p +b,2 as the new parameter values, 
go back to step-3 and continue the process until one of 

the following condi--tions w s ;atisfiod : 



1. E49 or 

2. #Ei+l~ Ei~ 	1 

where r is a pre—assigned positive 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 error function has reached a 
minimum point (or a saddle point) and further iterations 

will not reduce E appreciably. This minimum however, might 

be a local minr .um 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.. Optimizat 

We use a perturbation technique to compute the 

optimum change 8,g on the parameter vector p that 

satisfies condition 1 and 2 of Step-3 of the previous 

algorithm. 

P-erturba io Anasi.s 

To introduce the basic idea behind the perturba- 

tion analysis, let us first consider the mean squared 

error function of equation (1). The generalization to any 

error cr_'verion will then follow. 
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Changing the parameter vector ,~ 'by the 'small' 

vector Sg will cause a change ST on the transfer function 

T(, 3w), which in turn will result in a perturbation SE 

on the error function E(.2). Using equation (7), the change 

in E(p)is 

w 

1C T(,~, w)+ST(,p,jw)-M(iw 12 	T(p,Jw) 	• 
w 
0 

- J T(L,Jw)-M(L,3w) rldw 	.... (9) 

Equation (9) can be written as 

wl 

- E(g) = 2 I C(T+ST-M) (T+ST-M)-(T-M) (T-M)]dw w 0 	 ... (10) 

Where T, ST and M denote the complex conjugates of T, ST 
and M respectively. 

Simplifying (10) yields 

- E(1 ) = 2 Jl[(T-M)ST+(F%--M)ST+1;ST 12)dw 
w 

O 	 ••r. (11) 

Since by assumption 5,.: is small and T(g,' jw) is 

considered to be a smooth continuous function of , then 

ST is small. Consequently, 1ST#2 is 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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wl 

- E(,~) = SE(,~)= 2 j [(T-M)ST+(T-M)ST)]dw 

	

wo 	 .... (12) 

Where 6E(g) is the approximate change in E(p) after 

neglecting the second order term using the properties of 

complex functions, the equation simplifies to 

 

w  _  _ 
_ I1RRe {[T(P,jw)- M(Jw)J ST(p,jw)} dw .... (13) 

wo 

ST(,2, jw) can be expanded in terms of the perturbation on 

the parameter values as follows : 

r-1  r 

	

ST = 	SC. + 	L- Sd. 	.... (14) 
i=o SCi 	i_o Sdi ~ 

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 

ST(jR,jw) = 9T (P., jw) o.  

Where we have used the following notations 

9 gT(P~5w) _ [  o ~ °9a.....:OC 
 

OT sa 
1 2  r-1 1 2 r 

,... (15) 
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The function g(p,Jw) as defined is commonly referred to as 

the gradient of T with respect to g. Replacing ST(.2, jw) 

from (14) into (12) and observing that S,e is independent 
of w, we get 

wl 

SE _  Re {CT(psjw) M(jw)]gT(P,jw) dw s  .... (16) 
wo 

We now make the following important observation. Since 

M(jw) is given at each iteration, the parameter vector is 

known (by choosing) then T(,2, jw) and gT(.2, jw) can be 

computed for each w. Consequently, the coefficient of S,~ 

in (16). can be 	computed in terms of the parameter values of 

the previous iterations. Let us, therefore rewrite (16) in 

compact forms 

SE (P) = p 
T(2) 

SP 	 .... (17) 

Where p (,2) is a column vector called the gradient of 

E(p) and is defined by 	, 

wl 

~ T(g) =5 Re { [T(p,jw)_M(jw)]gT(p,jw)} dw 	.... (18) 
we 

The optimization problem now is reduced to obtaining Sp 

such that, for a given RT(p), the perturbation on the error 

function SE satisfies the following two conditions: 
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1.5 i 0 

2. SSE 1 is maximized. 

• To obtain an efficient and rapidly convergent 

algorithm, it is necessary to satisfy condition 2. 

To find the solution to our optimization problem, 

we must make certain assumptions regarding the 'smallness' 

of the parameter perturbation. 
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S L]; Consider the design of a system whose model transfer 

function is given by 

( ) _ 254.242s 
25+7.Cl7s+ s2 

and the actual topology of the system is given as 

R(s) _"~. 	C( s) 	G( s) 	Y(s) 

Where G(s) = ----- - . 3 ,=y --- 
s2+ 4s + 3 

and 	C(s) = KC[1 + ' J 
1 

.'. 	T(.$) = 	1 

1+ G s)C s) 

` l + s (s2+ 4s + 3) 

KC(1 + 'cls)3 

T(S) = ~~,~.,~.....~.~... 
3KC+ 3ti1s(I + KG )+ 4 1s + tils 

3K (1+ z1 jaw) 

^ 3KC+ jw=ti1(1+KC) — 4w2It1« j-r1w3 
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= 3ww (w2 7) + Jw(9LI~-15w2*'C1  ___ . 
tiKc 	 D2 

Were D = 3KC- 4 w2-r 1+ j w(3i 1+ 3KCti 1- 'c 1w2) 

aT 	_ ~3KC[-w2(7-w2+3K~) + )w(3+ KG-: ,v2) ] 

	

aCi 	 D2 

AKC = 5.0 

	

¶ 	= 1.0 

On writing arithmetic expressions 

D=CMPLX(3.0xAKC-.4.O*v '*2*Tl!3.0*T1+3.0*AKC"*Tl*-T1*W'*2) 
N A=GMPLX(-3.0*W**2*Ti*(w**2-7.0) ,vVl(9.O*T1-15.O*v '*2*Tl) 
N B=CMPLX(-3.0*AKC3 (w3(* 2* (7 .Ow*2+3 .o*c), 

w* (3 ,O+AKC-5,0* W* 2) ) 

DH1 = Cn%MPLX(25.0- w2, 7.07#w) 
DH2 = cMPLX(25.0, 4.242'w) 
DH3 = CMPL X (3.0#AKC, 3.O* w AKC) 
Hl = DH2/DH1 
H2 = DH3/D 
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,CAS —II: Again, we consider the same model transfer 

function as in the Case—I and with the same plant transfer 

function 

3 G(s) _  
s + 4s + 3 

but C(s) = (KP+ 	+ KDs] 

= [ 
s 

The closed loop transfer function is 

C(s) G(s) 
T(s) = I 

+ C(s) G(s) 

[Lt sKp+ Kps2] [ 	3 

s 	s2+4s+3 

 

_  2 

s 	s+4s+3 

3[K+K $+Ks2 

	

T (p, s) = 	I 	.- .~.._  

s3+ (4 + 3KD) s2+ 3(1 + KP) s + 3K1 

KT" w +_jwKpl 

	

T(p,jw) _ 	
3[( 	2) ~,.~...~... 	_.... 	2 

3KI— (4 + 3KD)w + jw(3 + 3K w ) 



(19) 

C _ - 3w2(3 - w2) - W3w(9Kpw2 + 4w2) 

	

aKp 	D2 

3 _ 3[-4w2 + jw(3 - w2)~ 

	

6KI 	D 2 

a _ 

 

-3w2[6K~- 4w2- 15I W2]- J3w3[3 + 3Kp . w ] 

	

D 	 D 

Arithmetic expressions will be 

D = CMPLX(3.0*AKI- (4.0+3.0%KD) 'w** 2) , i (3.0+3.0*AKP--W** 2) ) 

NB = CMPLX(3.0*(-4.0*w**2),. 3.0*w'(3.A_w *2)) 

NA = CMPLX(-3,0*W**2*(3.0-w**2), 3.0*W'(9.0*AKD'ta►**2-4.0 

NC .= CMPLX(-3.0*ti *2( 600*AKI-4.0*w**2_15.0*AKDW *2) , 

-3.0 'vt '3 (3.0+3.0*AKP-w** 2) ) 

r (j w) - 25+ 14.242. w _ --  

25-w2+ j7 .07w 

DH2 = CMPLX(25.0, 4.242'*w) 

D.H1 = cMPLX(25.0_e*2, 7.07*w) 

Hi =DH2/DHI 
DH3 = CMPLX(3.0*(AKI-AKD*w**2) , 3 o0*AKP*w) 

H2 	= D:3/D 
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Consider the design of a plant whoseltransfcr 

functa.o is given by 

H(S) = 25+4 24s  .,,~.M.: 
25 + 7.07s + s2 

and the desired topology is shoe below 

R(s) 
C(s) 

y(s)  
(G(s) L- 

G( s) = 1... 
l 

s -̀+4s+3 

	

 ]I. 	. m....,, 5.~.. 

Closed loop transfer function =  
1+ G(s) C(s) 

[K1+ sKp]/s [3/(s2+ 4s +3)) 
T( s)= 	K +sK 

s 	s2+4s+3 

T(grs) e  
3KI +3KPs+ s3+4.s?+3s 
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. 

3KI+ j3u~KP 
p, j w) = -..  

 3K1— 4w2+ jw(3KP+ 3 — w2) 

aT 	—3w2(3 + 125 -- w2) — j12w3 
KP 	 D2 

D2 
aT 	— 5 w2 

Arithmetic expressions will be 

D = CNIPLX(3.0*AKI_4.0*w'**2, w*(3.o-*/xp+3.0—e*2) ) 
NA = CMPLX(-3.0*w2* (3.0+12.0*AKP—w**2) , —12.0*w**3) 

NB = CMPLX (9.0-15.0*wx*2, 0) 
DH2 = cMPLX(25.0, 4.242*w) 
DH1 = CMPLX(25.0--w**2, 7,07*w) 
H1 = DH2/DH1 
DH3 = C.MPLX(3.0*i%KI, 3.0*v /KP) 
H2 = DH3/D 
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TQ~, IND CLOSED TROOP TRANSFER FUNCTI WS FROJ~U,,TI- E TABLES 
,OBT INE4 FROM_ THE COtVIPVTER PESULTSs 

Slo 	nit'a Guass 	Fi a Values 	woto w1 	Error 
No. 	KC 

1. 5.00 	1,00 2.4174 	2.1653 	0 to 5 	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 0 to 0.5 0.0523 

4, 5.00 1*00 5,3016 103252 0 to 1 0.1142 

Closed loop transfer function will be 

3KC(1 + tils) T 1(s) =  ... 	., 	,., , 
3KC+ 3-cis(1 + KC) + 4tiis2 + ti1S3 

T1(s) 	3.3492 + _7 2522s 

3.3492 + 10.2521s + 4s + s 

15.0667 + 15,0245s 
T 2 ( s) =  

15.0667 + 18,0245s + 4s + s 

15,0110 + 15.0815s 
T3 (S) =  

15.0110 + 18.0815s + 4s + s 

120018+_15.9047s 

12.0018 + 18.9047 + 4s + s 
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ASECII: 

Initial guess : 

K. = 5.000 

KI  = 1.000 

KD  = 0.1000 

Final values K = 0.7470, KI  = 1.0514, KD = 0.2338 

Error = 0.306 	' 

Closed loop transfer function will be 

3[K + - KkS + Kos2) 

— s + (4 + 3KD ) s2  + 3(1 + KP) s ± 3K1  

3.1542 + 2.241s + 0.7014s2  
T ( S) =   

3.1542 + 5.241s + 4.2338s + s3 
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S1: 	i' t' 	K , r 	l V 	,ue 	wO to wl 	Error 

A 	5.000 1.000 	4.1844  0.9717 	0 to 5 	1.2417 

B. 500O 	1.000 	4.9991 16.0014 	0 to .25 0.0014 

C. 5.000 1.000  4.9942 100027  0 to .5  0.0138 

D. 5.000 1.000 	4.9739 1.0029 	0 to 1 	0.0938 

Closed loop transfer function will be 

_ . - -?~♦2j~`-5i.,_+ Zp5532s 
2.9151 + 15.5532s + 4s2+- s 

3.0042 + 17.9973s + 4s + s 

T( s) 	2.p_._ 
3.0081 + 17.9826s + 4s + s 

I D(s)  
3c0087 + 17.9217s + 42 + s3 

From all these closed loop transfer functions, 

we shall determine the time and frequency responses of 

the systems.. 
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2.08[Cos 3.4w -' s Sin 3,4w] [K1.+ s 
T (IQ, s) _ .....~.: 

13. swi- 2.08(Co.s 3.4w-- s Sin 3.4w) (K1+ swKP) 

C2 ) 

EXAMPLE 2: 

Consider tho control problem of a plant with time delay 
as giv.:n blow z 

2.08 	 . 3 " x:4 s 
The Plant Transfer function G(s) = o~ 4s and C(s)=[K . 	s  P~ ] 

Model transfer function M(s)= ew'3.4s[.265 + 
s2+ 4.4431s + 8.009 

The closed loop transfer function 

T(s) = G - 1+Gs ,Csf 

2.08 e"*3.4s [K1+
. 
K s ] 

T (q. , s) _ 	.,~.~_.. 
13.2s2+ s + 2.08 e"3.4s[KI+ sKP] 

2.08[I< Cos3.4w~v~K Sin3.4wJ(veK Cos3Q4w~K Sin3.4w)] 
--13.2w2+2.08 [K1Co s3.4w+w'(PSin3.4w] 

+j [w+2.08(W~ pCos3.4w-KZSin 3.4w)) 

2--[-- 13.2w2Sin3.4w-wCos3.4w 
D 

+ jw(Sin3.4w-13.2wco st3.4w) ] 

Where D = -13.2w2+ 2.08[KICos 3.4w1- wKPSin 3.4w] 

+ j[wf 2.08(vK Cos 3.4w- KISin 3.4w)) 

aToi\ 	= 20._ 8,[.].302 w2C s3.4wf w Sin 3.4w 
S 	D 

+jw(Cos 3.4w+ 13,2 w Sin 3.4w)] 

On writing arithmetic expressions: 



(26) 

D = aAPLX(-13.2*w'*2+ 2,08* (AKI*Co s (3.4*w)+w*AKP*SIN (3.4*w)) , 

w+2.08* (wwAKP#coS (3 .4* w ) —AKI *SIN (3 ;.4*w)) ) 

NA = oiIPL)c( 2.08*w'(_13e2*2*SIN(3o4*W)--w*COS(3.4*w)), 
2.08*v**2*(SIN(3.4*w) 13.2*w*CDS*(3,4*w))) 

NB = CMPLX(2a08*(413„2*W**2*C0S(3.4*w)+w*SIN(3.4*w)), 

2008*w*coS(304xw)+13Q2*v, SIN(3o4*w))). 

DH1 = cMPLX (--ww* 2+8 000 9, 4.443*w) 

DH2 = CMPLX(8*009*COS(3o43Ew)+4.04265' w'SIN(3.4'w)t' 

4.04265*W C0S*(3,4*w)-8,009*SIN(3„4*w)) ) 

Hl =DH2/DH1 

DH3 = CME  

2.0:3 (iO'AKP*COS*(304*w)°-AKI *SIN  (3Q4*w)) ) 



(27) 

TQ. 	s aD O.OP TR. S.F E ~ TIQ.S- 	,THE SYS T,9M 

Si, Guess Values FinalValues woto wI 	Error 
No. "" 

Al 2.0 0.1 2,0004 	0.1135 0 to 0.5 	0.0002' 

A2 2.0 0.1 2.0512 	0.0744 0 to 0.2 	0.0084 

A3 2.0 0..1 2.0046 	0.1349 0 to 0.1 	0.0009 

Closed loop transfer functions will be 
0.0185 + 0.2956s -. 0.5385s2 + 0.-3152s3 

s .~. ,..,~ 	, __.,a., 
TA1 ) 	0.0185 + 03744s + 066334s2 + 2.1558s + $ 

in this example e 3,4s has been approximated as 

e-3.4s 	 3.4s/2 + (3.4s)2/12 

1 + 3.4s/2 + (3.4s) 2/12 

e-3.4s 	 1 	1.7s + 0.9633s2 _  
1 + 1,7s + 0.9633s2 

0.0126 + 0.3148s 0.5587s2 + 0.3232s3 T 	( s) 	= ... 	 .,4 
0.0126 + 0.3935s + 0.6131s + 2.163s3 + s4 

0.0220 + 0.2903s ' 0,5362s2 + 0.1522s3 

TA3 s, 	0.0220 + 0.3690s + 0.6356s + 1,.9928s3 + $4 

The model transfer functions can also be simplified as 

-3.4sr _-9-655_+   8.0~ 
Ivy{ s) 	e 	 .~..~....r..~.... 	. I 

s + 4,4431s + 8.009 



(28). 

-3~4s  1 ' 1.7s + 0.9633x2 
Approximating 0-3.4s -- - --~°_° - 	--~-- 

1 + 1.7s + 0.9633s2 

8.3141 - 9.9265s + 0.874552 + 4.0425x3 .► M(S) = ..,.ate. 
8.3141 + 18.7463s + 16.8879s2 + 6.2078s3 + 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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V. CONCLUSIONS 

. In this work, optimization techniques have been 

used in the frequency domain design of single-input-' 

single-output control systems. The suitab•flity  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-

ence0 

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 choice of the controller parameters as well 

as on the :'ange of frequency-interval (wo, w1) 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 literature. 
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