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ABSTRACT

This paper considers first to find out stabilizing region
of P1 parameters for the control of plant with uncertain
parameters.This method presented to its require
sweeping over the parameters are required to find
stabilizing set of PID controller using the Signature
method of synthesis.also,it is need to solve the liner
programming of set of inequalities.also,in this paper
using results to find the area of parametric robust
control and problems of design of stabilization interval
plants using PI,PID controllers by kharitonov
segments of polynomial theory. some illustrative
examples are included to describes the method of
approaches and simulation results of kharitonov
(interval plants) plants.

Key Words: Robust stabilization, linear systems
,PLLPID control, signature method, Boundary locus
method, kharitonov plants

1. INTRODUCTION

The set of controllers of a given structure that stabilizes
the closed loop is of fundamental importance since every
design must belong to the set and any performance
specifications that are imposed must be achieved over
this set. So, this set is known as Stability Set denoted by

S%(3(S, Ky KiKy))
The three dimensional set S° is simply described but not
necessarily simple to calculate.

This is new method for the calculation of all stabilizing
Pl controllers is given. The Basically we use Routh-
Hurwitz criterion which will be very difficult due to
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formation of inequalities. Therefore to simplify the
process we use a revolutionary method known as
Signature Method. Proposed method is based on plotting
the stability boundary locus in the (kp, Ki)-plane and
then computing the stabilizing values of the parameters
of a PI, PID controller. The technique presented to
require sweeping over the parameters and also it’s need
linear programming to solve a set of inequalities. Thus it
offers several important advantages over existing results
obtained in this direction. Beyond stabilization, the
method is used to shift all poles to a shifted half plane
that guarantees a specified settling time of response [1].

Computation of stabilizing set of PI, PID controllers
which achieve user specified intervals of plants by using
kharitonov polynomial theory is studied. It is shown via
an example that the stabilizing region in the (kp, ki)-
plane is always a convex set. The proposed method is
also used to design of PI,PID controllers for interval
plants. The limiting values of a PID controller which
stabilize a given system are obtained in the convex set
of(kp, ki)-plane, and (ki, kd)plane and 3-D view of
stabilizing sets of (kp, ki, kd) observed in the simulation
results and. Furthermore, the proposed method is used to
compute all the parameters of a Pl controller which
stabilize a control system with an interval plant family.

3. COMPUTATION OF THE PID STABILIZING
SET:
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Consider the plant, with rational transfer function
ps)= NGO,
D(S)
With the PID feedback controller
C(s) = kys+kitkgs?/s(1+sT),  T>0
The closed loop characteristics polynomial is
8(s)=S*D(s)(1+ST)+(K,s+ki+Kss)*N(S) ....... (3)
we form the new polynomial v(s) =6(s)*N(-5).....(4)
note that the even odd decomposition of v(s) is of the
form V(S):Veven(sz(ki: kd))+S*Vodd(Sz(kp))
the polynomial v(s) exhibits the parameter separation
property, namely, that k, appears only in the odd part
and (k;, kg) only in the even part. By sweeping over the
values of (kp, ki) from stable boundary locus (kp vs ki)

plane space region. after fixing range of sz K; , There

exists sets of linear inequalities in terms of (Kj,Ky) to

satisfying the signature condition.
Signature(V) = n-m+1+2Z" ;

This will facilitate the computation of the stabilizing set
using signature concepts [2].
N(s),D(s) are the numerator, denominator of polynomial
degrees 'm', 'n' of Plant P(s) respectively.
The closed loop system is stable if and only if, (v)= n-
m+2+2z"
closed loop stability is equivalent to the requirement that
the n+2 zeros of (s) lie in the open LHP .
this is equivalent to 6(8)=n+2
and to o(V)=n+2+z"-7

n+2+z*"-(m-z*) =(n-m)+2+2z"
z 7" are denote the no. of roots on the S-plane LHP,
RHP of numerator N(s)

Sgn[q(mmov,Kp>]=j;

j=sonVq
-1
n-m+1+2Z° = j(io+ 29

t=1

1)) ,if n +m s odd,

-1

= j(io+ 28.

t=1

-1+ (-1)' 1)), if n + mis even
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Based on this, we can develop the following procedure
to calculate S°:

the stabilizing set S%( d(S, K, ki, K;)) getting from 3-D

graph results.

4. PROCEDURE TO DO SIGNATURE METHOD:
consider unity feedback loop with PID controller c(s)
and plant P(s)

—i__?—» C(s) = P(s) —r

k.
- N(S). - K +K i
P(s) %, C(s) ot dS+S,

N(s), D(s) are the numerator, denominator of polynomial
degrees 'm', 'n' of Plant P(s) respectively.
closed loop characteristic equation of polynomial is

d(s, k,, ki Ky) = (@+[Ps)*C(s)])

k)—HW+M%£HSH
D(S)

d(s,k, ki Ky) = SD(s) + [Ki+Kg s2IN(s) +[K,
SIINE)]. ...... 9)

we Assume that N(s) and D(s) are co-prime, that is, they
have no common roots and N(0)* 0.
closed loop characteristic equation of polynomial is

8(s, Ky, Ki, Kq) =S D(s) +[K, S+Kj+Ky s2IN(s).
Assume N(s) has no roots on the imaginary axis.
v(s) : =8(S, k K, IN(=3).
The main motto of the V(s) is the achieve a separation of
the gains into the Real and Imaginary parts and also the

divide into the Even and odd parts of S.

normally S=j w into the V(S) and then divides into
K, ki, Ky into the real and imaginary parts and also the

Even and odd parts to be divided.
If d(s,k D ki, Ky) is multiplied with the N(-s) ,then

d(s, k

1 pl |i

1 p’ |l

only divided properly even part section consists K;, K,

and odd part section includesK,, otherwise both are not

separated. so that

August 2019

Page 73



ISSN No: 2348-4843

International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Even part of V(w) is(k;, K, )and odd partis K

V(w) = P(w) +j q(w);
V(w) = Even part + odd part (or) real part +imaginary
part;

For Pl controller (using stability boundary locus
method)
Even part and odd parts are equal to zero, then

V(W) = [PyW)+KiPwW)] + j[ gs(w)+ K, ga(w)].
P1(w) ql(w)

K=-—— K,=-——:
[ P2(w)’ P 2w’ ....(9)

For PID controller:
V(W)= [Py(w)+ {K; - Kk, w?3Po(w) I+ j {au(w)+ K,
Q2(W)} ; ....(10)

In v(s), kp only appears in the odd degree terms of S,

while ki and kdonly appears in the even degree terms
of S. Now equate the odd degree of or imaginary part of

S is equal to zero and odd part of kp terms equal to zero

and then by using the (i) R-H criteria, Basically we use
Routh-Hurwitz criterion which will be very difficult due
to formation of inequalities. Therefore to simplify the
process we use a revolutionary method known as
Signature Method [3].

(ii) stability boundary locus method or above PI

controller technique ,To find out the range of kp.

for fixed range of kpz K;

There exists sets of linear inequalities in terms of (

k;, k) to satisfying the signature condition.
Signature(V) = n-m+1+2Z" ;

z, z" are denote the no. of roots on the S-plane LHP,

RHP of numerator N(s)

+

The range of Kysuch that g(w) is the odd part of V(w)

and roots of q(w) consider only real and positive
roots(wo,wq,W,,Ws..),distinct, finite zeros with odd
multiplicity was determined by K, range.
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sgn[ a(w(0"), Ky )T =J;

j =sgn[ Vogq (07 Kp) 1;

I =A{lo, Iy, Iz, ig...}; 1= {lo, 1y, 12, 15} 15 = {lg, 11, 1y,

i3...}.
(1 PY ER are the admissible string sets and must
satisfies the signature of V.
o(v)-signature (v)= n +1-m +2z".

-1

n-m+1+2Z° = j(io+ 29

t=1

(-1 ,if n+ m s odd,

-1
= jlio+ 2Q

t=1

Dlig+ (-1)' 1)), if n + miis even .

by sweeping over K,values into the fixed range and then

string sets follows that the stabilizing (ki kq)

must satisfies the string of inequalities:
pL(wo) +(K; - K W)Po(wo) <0
pA(wa) +(K; - K W;)Powa) >0

2
pL(wy) +(K; - Ky Wy)Py(w;) >0
Substituting for wg,wi,W,,w3 in the above expressions,
we obtain set of values of (k;,k,) form of equations

solved by linear programming and denoted by sets
$1,52,S3,54,S5....Sx.

by sweeping over different K, values within the interval

and repeating above procedure at each stage, we can
generate the set of stabilizing (k,, k;, k) values.

5. Stabilization of interval plants:

First order compensator robustly stabilizes an interval
plant family if and only if it stabilizes all of the extreme
plants. That is, if the plant is described by a M™ order
numerator and a N™ order denominator with coefficients
lying in prescribed intervals, it is necessary and
sufficient to stabilize the set of 2™™! extreme plants.
These extreme plants are by considering all possible
combinations for the extreme values of the numerator
and denominator coefficients. It is necessary and
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sufficient to stabilize only sixteen of the extreme plants.
These sixteen plants are generated using the

Kharitonov polynomials associated with the numerator
and denominator. Furthermore, when additional a prior
information about the compensator is specified (sign of
the gain and signs and relative magnitudes of the pole
zero), then in some cases, it is necessary and sufficient to
stabilize eight critical plants while in other cases, it is
necessary and sufficient to stabilize twelve, sixteen,
thirty-two critical plants and so on [4]

Consider a SISO interval plant described using
N(S)  Q,S" +0y,,8" " +...+0,

G(s) = =
) D(s) p,s"+ P, 8" +...+ P,

(11)
Where the numerator and denominator coefficients are

defined g; € [%,q_i],i =0,1,....m

and p; €[pi, p1 j=01...n.

Let the Kharitonov polynomials associated with N(s)
and D(s) be, respectively:

M) = @+ s+ B+ @3+ Na(s) = o+ @+ @5+ et
Ny() = G0+ @5+ 25> + 135+ Ny(s) = o+ B+ 2o + 455 +—
and

Dy(s)= po+ P+ Py’ + pys’ +— Dy(s)= py+ B3+ pas” + pys® 4+
Dy(s) = Py+ PrS+ Pys" + Py + - Dy(S)= Po+ P+ PaS” + Pos’ +_
By taking all combinations of the N;(s) and D,(s) for
i, j=212,3,4, the sixteen Kharitonov plants family

can be obtained.
Define the set S(C(s)G(s)) that contains all the values

of the parameters of the controller C(S) that stabilize
G(s) , and then, the set of all the stabilizing values of
the parameters of a Pl controller that stabilize the
interval plant of Eq.(1) can be written as

S(C(s)G(s)) =S(C(s)Gk (9)) =

S(C(5)G,1(8)) MS(C ()G, (5))---S(C(5)Gu(9))

N, (s)

G; (s)= D.(s)

where G, (s) represents the sixteen

Kharitonov plants family.
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6. ILLUSTRATIVE EXAMPLES:
(1).Example for Signature Method
Design the problem of determining stabilizing set of PID
gains for the plant P(s)= N(S) ;
D(S)

where N(s) = §%-2¢%s-1
s%+25°+325"+265*+655>-8s+1
We use the PID controller with T=0. The closed loop
characteristic polynomial is
3 (s, kp, ki, kd) = s*D(s)+H(ki+kgs?) N(s)+Ks*S*N(s)
Here n=6 and m=3

Neven(Sz) = '282 '1’ Nodd(Sz) = SZ _11Deven(82) =SG +

325*+655% +1,Dpqq(S%) = 25+ 26S°— 8
N(-s) = (-25°-1)-s(s*-1)
Therefore, we obtain
V(S) =8 (s, kp, ki, kg) N(-5)
= {S¥-S° 355°-875%+545%+9)  +(kitkgs?)  (-S°+
65*+35%+1)}
+S*[(-4S°- 89S°- 128S" - 7587 -1) +Ky*(s* + 65" 435’ +1]
So that
V (o, kp, ki kd) =
+i[9u(@)HkgGa(w)];
To get the results, we need to separate the even and odd
parts equal to zero

;D(s) =

[p1(W)+(Ki-kgo®)  paA(®)]

P1(w)
Ki=-—; K-
P2(w) " P

qi(w)

For Pl CONTROLLER ;
q2(w)

For PID CONTROLLER:

VW)= [Pi(w)+ {K;- Ky w?3Po(w) 1+ j {sa(w)+ K,
A2(w)} ;

Where

Py(w) = w'® — 35w® +87 w° +54 w* -9w?

P,o(w) = we+6wW*-3w’+1

01(W) = -4w*+89w’-128wW°+75W>-w

O2(W) = W'+ 6W° — 3w® +w

We find that z* = 1 so that the signature requirement on
v(s) for stability is, o(v) = n-m+1+2z'= 6

Since the degree of v(s) is even, we see from the
signature formulas that q(o) must have at least two
positive real roots of odd multiplicity. The range of k,
such that q (o, kp) has at least 2 real, positive, distinct,
finite zeros with odd multiplicities was determined to be
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(-24.7513, 1) which is the allowable range of k,. For a
fixed kqe (-24.7513,1), for instance k,= -18, we have

q (o, -18) = g1(®)-1802(w)
=-40™+710’-2360°+1290° 19w

Then the real, nonnegative, distinct finite zeros of q (w, -
18) with odd multiplicities are

=0, ®1=0.5195, ®,=0.6055, w;=1.8804,,=3.6648
Also define ws=o0.since

Sgn[q (0, -18)] =-1

""" Must
satisfy

{io-2i1+2i,-2i3+2i4-i5}. (-1) =6

Hence the admissible strings are
L=4{1-1-1,1,-1,1}1,={-1,1,1,1, -1, 1};1,= {-1, 1,
-1,-1,-1, 1y1,=4{-1,1,-1,1,1, 1}

Is=={1, 1, -1, 1, -1, -1}; For I, it follows that stabilizing

set () values corresponding to k,=-18 in fig(1,2)
stabilizing set of (kd ki)

~40 -30 -20 -19 L] 10
ki

fig(1) 2-D view of stabilizing set of Ki vs Kd

30 Plot for Stabikzing Set

Kd

fig(2) fixed Kp value for varying set of (Ki,Kd)
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Must satisfy string k;, kd of inequalities
P1(o) + (Ki-kgwo") Pa(eo) <0
Pi(1) + (Ki-kgw1’) pa(wo) <0
Pi(2) + (Ki-kgw;") pa(o) <0
Pi(@3) + (Ki-kgw3") pa(0)>0
Pi(@4) + (Ki-kgws") Pa(wo) <0
Pi(ws) + (Ki-kyws’) pa(wo)>0

20 Stabéizing Set
0r

45 20 5 0 5

K

fig(3) 3-D View of stabilizing set

Substituting formg ®; ®,; w3 4 and ws in the above
expressions, we obtain

ki<0

ki-0.2699k,<-4.6836

ki-0.3666k4<-10.0797

ki-3.5358Kk4>3.912

ki-13.5777k4<140.2055

the set values of (k;, kd) for which the above equations
hold can be solved by linear programming observed in
fig(3) and is denoted by S;.for I,, we have

ki<0

ki-0.2699k,<-4.6836

ki-0.3666k4<-10.0797

ki-3.5358Kk4>3.912

ki-13.5777k4<140.2055

The set values of (k;, kd) for which the above equations
hold can be solved by linear programming and is
denoted by S,. similarly, we obtain

S;=oforl;

S,=oforl,

S5 = o for I5

August 2019

Page 76



ISSN No: 2348-4843

International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Then the stabilizing set of (k;, kd) values when k,=-18 is
given byS (1g)= Ux=1,2. 3...5x

=sUs
From the intersections of plots in space that’s 3-
dimensional plot fig(3) in which we can select vertex of
stabilizing set (K,, Ki, Kdy values which satisfies the
stabilizing criterion.

Example(2).
Design the problem of determining stabilizing set of
3rd order system PID gains using
Signature method for the plant
Ps)= N©) ;
D(S)
1.151s+0.174

where G(8) = 50 7305% +0.0215

N(S) = 1.151S +0.1734; D(S) = S*+ 0.739 S? + 0.921S
We use the PID controller with T=0. The closed loop
characteristic polynomial is

3(s,kp,Ki,Kg) = S*D(8)+(Ki+kys?)N(S)+k,*S*N(s)

Here n=3 and m=1; V(S) = &(s,kp,ki,Ks) *N(-s)

N(-S) =-1.151S+0.1734

V(jo,kp,Ki Kg) = [p2(W)+(Ki-Kgwr®)pa() ]+ [da(0)Hkp0a()];
To get the results, we need to separate the even and odd
parts equal to zero

P1(w 1(w

P PR )
P2(w) " P g2(w)

For PID CONTROLLER: V(jo, ky, ki kg) = [p1(w)+(ki-

kaw?)p2(®) 1+j[qu(@)+kpz(w)];

For Pl CONTROLLER:

P1(w) = 0.6732w4 -0.1634w2
0.9290w3

P2(w) = 1.3248w2+0.0314
+0.0314w

We find that z* = 1 so that the signature requirement on
v(s) for stability is,

o(V) =n-m+1+2z'= 4

Since the degree of v(s) is even, we see from the
signature formulas that q(w) must have at least two
positive real roots of odd multiplicity. The range of kp
such that q(w,kp) has at least 2 real, positive, distinct,

ql(w) = 1.1510w5-

g2(w) = 1.3248w3
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finite zeros with odd multiplicities was determined (-0.4,
9) which is the allowable range of kp.
For a fixed range of kp € (-0.4,9),
for instance kp= -0.3, we have

q(©,-0.3) = qy(w)-
0.302(w)
after the kp value substitution we get polynomial
equation is q(w)
Then the real, nonnegative, distinct finite zeros of q(m,-
0.3) with odd multiplicities are wg,w1,w,
w0=0, ®1=0.5195, ®2=co0.
Sgn[q(0,-0.3)] =-1
It follows admissible string 1={io,i1,i} Must satisfy for
I, it follows that stabilizing set ()values corresponding to
k,=-0.3
Must satisfy string k;, kq of inequalities
P1(@0) + (Ki-Kyo?)pa(wo)>0
Pi(@1) + (Ki-kg1*)pa(wo)<0

Substituting forme=0,0,=0.5195 and w, in the above
expressions, we obtained the graph set of ( ki, Kq).

string of inequalities are

k>0

ki-0.972k4<0.458 FOR S1

finding stabilizing set of (K, k;,k,) constraints ,we fix

kp value and find out set of(k., k)

for varying kp value from (-0.4,9) we find different
string set S1,52,S3,54.

k>0 k>0
ki-1.2699k4<0.7462 FOR S2 { KP=1} ki-
5.8699k,<3.7462 FOR S3 { KP=4}

ki>0
ki-9.453 ky<4.7462 FOR S3 { KP=8}

The set values of (k;, k) for which the above equations
holds can be solved by linear programming.
We get a 3D plot when we can select vertex set of

boundary ends of( k;,k,) then we get stabilizing set

graph of (K, ,Ki Kg) values which satisfies the
stabilizing criterion.
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ste pre spons e of PID contraller with plant
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fig(10) simulation results robustness of plant with
different (P1,PID) controllers with noise

(3).Example for Design PI,PID controller for interval
plants(kharitonov plants) system of 5th order do with
stability boundary locus and Signature method .

G(s)= [—6.—3]+[48.50]x +[39,41]s2 +] 2,353 +[L1]s*
SLIH23E 4533 L32]4[35.38k2 49 5 1|5 H[97.101]

5Y 435341574856

G 3

uls) s 25 13257 1 385 + 405 1+ 07
Goo(s) = sP 35344154856

12 55+ 25 1315 + 3857+ 515 497
G, () = 5 +35¥+ 4157+ 4856

1" 5435 13257+ 355+ 405 + 101
6..()= st 4357 44157405 -6

" 535 35T 435 + 515 +101
G(5) = 5t + 253430524505 -3

“ 57+ 25 13253 1385+ 4054 07
G, ()= St+253+3057+505-3

" 5 2st S 1sF 43857+ 515+ 97
€. ()= st 1253 4385745053

" 51 3st 1325 4355+ 405 +101

4 3 1 _

Gouls) = 5+ 25* +38s7+505 -3

735 1318 4355 + 515 +101
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54+ 2531 415245056

T =

ul®) 52+254 413253 38524+ 495497
Guns)— 5t 1353+ 41524856

= 2+ 25+ 3157+ 3852+ 515497
G.. ()= 5435+ 415244856

B 52 +353+3253+3552+495+101
Gaa(s) = F4 4353+ 41524485 6

M 24353 3153557515 +-101
G. ()= 544353439524 4853

i 524 254 4 3257 1 385X 1 4954+ 97
G, (s)— 54353439524+ 4853

32 2 +251 13153438524+ 515+ 97
Gunls) = 5 +353+3952+ 4853

53 P+357 1325743552+ 495+101

4 9 2 _
G, ()= 57+35"4+395° +485-3

4357+ 315+ 355 4+ 5154101

N1(S)= S*+35%+41s? 1 485—6; D1(S) =
s° +2s* +32s% +-38s? +49s +97
We use the PID controller with T=0. The closed loop
characteristic polynomial is
3(s, Kp, ki, Ka) = S*D(s)+(Ki+kss?)N(s)+k,*S*N(s)
Here n=5 and m=4; V(S) = 8(s, kp, ki, kg) *N(-5)
N(-S) = §* 353 +41s? 4856
V(jo, Ko, ki, Kq)
kao?)p2(@) 1+ [0x(@)TkpGa(@)];

[Pa(w)+(ki-

To using the stability Boundary locus technique, To get
the results, we need to separate the even and odd parts

P1(w) gl(w)
equal to zeroK;= -———; K .-——.
P2(w) q2(w)
This method apply for Gy;t0Gy, up to 16 kharitonov

plants that’s
Gll(S)!GIZ(S)!GIS(S)!G14(S)1GZl(S)!GZZ(S)!GZ3(S)1G24(S)1
G31(S)!G32(S)!G33(S)!G34(S)!G41(S)!G42(S)!G43(S)1G44(S)'
observes in the kharitonov plants boundary locus regions
in fig(11)
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khartinov plants ki Vs kp

T —

T ----- q------ A=----- To----- To----= Fr=-=---- i
1 1 1
1 1 1 1

L A L
' | | '

k| EEREEE EREREEE L RGGECEL EEEEERT FEEPEE -

1] F 1] = 1] ] M 120

fig(12) stabilizing region set of Ki vs Kd

Finally we get the kharitonov 32 plants boundary
regions, by using stability boundary locus method , to
fixed the stabilizing set of (Kp,K;) values. From the
graph fixed kp=(0,1.549) in the fig(11)

Kp=kp*,now determine string set of (K,, K, )values by

finding the inequalities constraints ,linear programming
technique used.

For PID CONTROLLER:

Vw)= [Piw)+ {K;- Ky w?Po(w) T+ j {o(w)+ K,
Ga(W)}

There exists sets of linear inequalities in terms of (K,
K ) to satisfying the signature condition.

Signature(V) = n-m+1+2Z" ;
Here n=5 and m=4

Volume No: 6 (2019), Issue No: 8 (August)

www.ijmetmr.com

z, Z° are denote the no. of roots on the S-plane LHP,
RHP of numerator N(s), o(V) = n-m+1+2z"= 4

Since the degree of v(s) is even, we see from the
signature formulas that q(w) must have at least two
positive real roots of odd multiplicity. The range of kp
such that q(w, kp) has at least 2 real, positive, distinct,
finite zeros with odd multiplicities was determined
(0.10,1.50) which is the allowable range of kp. For a
fixed kpe (0.10,1.50), for instance kp= 0.10, we have
q(0,0.10) = q1(®)+0.10q2(w)

After the kp value substitution we get polynomial
equation is q(w)
Then the real, nonnegative, distinct finite zeros of
J(®,0.10) with odd multiplicities are wq,W1,W,,

Sgn[q
(0,0.10)] =-1
It follows admissible string 1,={io,i1,i,} Must satisfy
For I, it follows that stabilizing set ()values
corresponding to k,=0.10.Must satisfy string k;, kg of
inequalities
Piwo) +  (KirKgoo?)*Pa(@o)>0
kae:1°)*Pa(0)<0
finding stabilizing set of (k,,k;,k,) constraints ,we fix

Pi(w)  + (k-

kp value and find out set of (ki, kd)for varying kp value
from (0.10,1.50) we find different string set S1, S2, S3,
S4, S5, S6, S7..Sx ,by comparing the following
inequalities in linear programming, we get 2-D space
plane of vertices of (k;, K, )in the fig(12)

here x=Kki, y=kd

kp=0.10

kp=0.30

condition1=x>0;
condition1=x>0;
condition2=(x-0.9410*y)<0.3507;
0.2744*y)<0.08015;

condition2=(x-

kp=0.50
kp=0.70
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condition1=x>0;
condition1=x>0;
condition2=(x-3.499*y)<1.8620;
condition2=(x-3.010*y)<1.5442;

kp=0.85;

condition1=x>0;
condition1=x>0;
condition2=(x-4.2012*y)<2.3277,
6.9363*y)<4.1572;

kp=1.10

condition2=(x-

kp=1.30
condition1=x>0;
condition2=(x-10.010*y)<6.1250;

stabilizing set of (kd ki

ki
fig(12)2-D view of stabilizing region set of (Kd vs Ki)
stabilizing set of (kp ki,kd)

fig(13)3-D view of stabilizing region set of (Kd, Ki,
Kp)
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The set values of (K;,K,) for which the above equations
holds can be solved by linear programming.

We get a 3D plot observed in fig(13) when we can select
vertex set of boundary ends of( k;,k, ),then we get
stabilizing set graph of (K, ,Ki Ky values which
satisfies the stabilizing criterion [5].

step response of Pl controller response

kp=14 ki=-0.5
—— kp1=1 kit=-0.4 ]
— kp2=0.6 ki?=-1

MAGNITUDE OF PICONTROLER

-1.5 L L
0 50 100 150
time (seconds)

step response of interval plant with Pl controller

—— kp=1.4 ki=05 | |
——kp1=1 ki1=04
1.5 — kp2=0.8 kiZ=-1 | |

MAGHITUDE OF Pl CONTROLER

0 50 100 150
tim e (seconds)

fig(14,15) Robustness of plants with PI controller
response by variation of (kp, ki) with in boundary

7. CONCLUSIONS:

this paper dealt with an approach has been presented for
computation of stabilization of PI,PID controllers for
robustness of interval plants(kharitonov plants) region of
boundary locus and stabilization set of PID gains of (K,
Ki, Kg), which can be easily obtained by equating the
real and imaginary parts of characteristic equation to
zero. The proposed method has further has been used
find stabilizing region of Pl parameters plant with
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uncertain parameters and this signature method involves
require sweeping over parameters. Also, it needs linear
programming to solve set of inequalities used in the
signature method for the further solving of region of
stabilizing set of PID controller gains in effective
method of approach for higher order systems.
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