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hWhhhhdh Example 1 %%%%hhhh%
lambda = 0.91;

A = [0.8 0;0 lambdal;

B = [-0.1 0;-0.1 -0.1];
alpha = 19;

h = 46;

[flag,P,Q1,Q2,Q3,21,Z2,Z3] = stojanovic(A,B,h,

alpha)
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%%%%h%h%h Example 1 %%%%%%%%
lambda = 0.97;

A = [0.8 0;0 lambdal;

B = [-0.1 0;-0.1 -0.11;
alpha = 11;

h = 46;

[flag,P,Q1,Q2,Q3,Z21,22,Z3] = stojanovic(A,B,h,alpha)
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% Given an n by m matrix B , an n by n matrix A

% This program obtains

% (1)- The Standard form

% (2)- The primary vector companion form

% (3)- The feedback matrix F

% (4)- The transformation matrix T

% (5)- The Kronecker invariants

Yok ook ok ok ok ok ok ok ok ok ok ok oK ok K oK ok K oK ok K oK ok K oK K K oK K K oKk K ok ok oK ok ok ok ok koK ok koK ok koK ok ok

b

clear all;close all;clc

A =
(16,-12,11,3,3;5,1,3,0,1;-26,20,-18,-5,-5;0,0,0,0,0;0,0,0,0,0];



B = [0,0;0,0;0,0;1,0;0,1];

tO=cputime;

disp (' This is the given plant matrix A')
1
disp (" K 3 ok K ok ok o oK K ok ok K oK K ok ok K oK K ok ok KK K Rk Kk Kk ok 1)
2
A %line 3
disp (' This is the given input matrix B')
4
disp (' K ok oK ok ok K KoK ok ok K koK ok ok K ko ok ok KRRk Rk Rk kR 1)
5
B %line 6

[n,m]=size(B);
7
r=n+m;
Q=[B,A];
Ti=eye(n);
10

% The Echelon form of Q

i=1;j=1; tol=le-6;

while ( i<=n ) & ( j<=r )
[q,k]=max(abs(Q(i:n,j))) ; k=k+i-1;
if (g<=tol)
Q(i:n,j)=zeros(n-i+1,1);

J=j+1;

else

% perform the similarity operations

% swap i-th row with k-th row:

ol

% divide the pivot row

%1line

%line

%line

%line

%line

%line
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02

% subtract multiples of the pivot row

03

i=i+1

j=j+1;

end

end

Y ok ok k sk ok ok ok sk ok ok k sk ok ok 3k 3k ok ok 3k 3k ok oK 3k 3k ok K 3 ok ok K 3 ok ok % % >k ok K 3 >k ok % * ok k X

% Now compute the Standard echelon form !

while s < n

i=s+1 ;

for j=i:r

if Q(i,3)~=0

for k=1:s

if Q(k,j)~=0

t=Q(k,j);
QCk,:)=QCk,:)-t*Q(i,:);
Ti(k,:)=T1(k,:)-t*xT1(i,:);
QC:,i+m)=Q(:,i+m)+t*Q(:,k+m) ;
end

end

break

end

end

s=s+1;

end

b

%k 3k 3k >k 3k 5k %k 3k 5k %k %k 5k >k >k 5k %k >k 5k %k >k 5 >k >k 5 %k >k >k >k >k 5 >k >k 5 %k >k > >k >k 5 >k >k 5 %k >k > >k 3k 5 >k > > %k > > >k > > %k > % %k % % % %

/A choice=input (' do you want the kronecker invariants

displayed,y/n %','s")



% if choice=='y'
kronk3
% end

h

>k 3k 3k >k 5k k 5k 3k %k 3k %k 5k 5k %k 3k 3k %k 5k %k 3k %k %k >k >k 3k %k %k >k %k 5k %k %k 3k %k 5% >k %k 3 %k 5%k >k %k 3 %k %k >k %k 3 %k %k >k %k 3% %k %k > %k % % %k 3% %k % %k %

% The vector companion form
for i=n:-1:m+1

for k=i:r

if Q(i,k)==1

for j=k+l:r

t=Q(i,j);
QC:,3)=QC:,j)-t*Q(:,k);
Q(k-m,:)=Q(k-m,:)+t*Q(j-m,:);
Ti(k-m,:)=T1(k-m,:)+t*T1(j-m,:);
end

break

end

end

end

h

%k 3k 3k >k 3k 5k %k 3k 5k %k %k 5 >k %k 5 %k >k 5 %k >k > >k %k 5% %k >k > %k %k 5% %k >k > %k >k > %k %k 5% % >k > %k % > %k % 3% % % > %k % 3% %k % % % % % %k % %

% choice=input('do you want the prim. vec comp form displayed,y/

nk%','s")
b if choice=='"y'
% disp (' The standard Vector Companion form ')
% disp (" kK K K K K KKK K KK KKK KK KK KKK KRR KRR KRRk k)
Q
% end
/S
disp (" This is the transformation matrix,T1')

disp (' ok ok ok ok ok K ok ok %k ok ok %k ok ok Kk ok ok kK ok ok K kok kK kokokk ')
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T1

yA disp(' press any key to continue')
Yo kook ok ok ok ok ok ok ok ok o oK ok oK ok oK ok oK ok K K ok oK ok oK K K Kk K oKk K oKk K K K o Kk ok KOk K K

% pause

% The Feed-back matrix , F

B1=Q(:,[1:m]);A1=Q(C:,[m+1:r])

BO=Q(1:m,1:m) ;bo=inv (BO)

G=Q(1:m,m+1:r);F1=-bo*xG;G0=G;

Fp=F1*T1;

% 3k %k %k >k 3k %k >k 5k >k %k 5k %k %k 5k >k >k >k %k >k >k >k >k >k 5% >k >k > >k >k > >k >k > >k >k 5% >k >k > >k >k 5% >k >k 5% %k >k > > % % > > % % % % % % % %k %

disp (" This is the primdry feedback law ')
disp (' % sk ok sk ok ok ok ok sk ok sk ok ok ok ok sk ok kok ok ok kok kok ok kokkokk )
Fp

Yo ok ok ok ok ok ok ok ok ok ok ok ok K ok ok oK ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K ok ok K K
%hdisp (' The closed loop matrix A+B*F ')

hdisp (' sk 5k 3k sk ok %k ok % ok ok sk ok Kok kkok kok kok ok kokkokkk ')

gama=A+B*Fp

Yo ok ok ok ok ok ok ok ok ok oK ok ok K ok ok K ok 3k K oK ok K oK 3k K oK 3k K ok ok K ok 3k K oK ok K ok ok K ok ok K ok ok K ok ok K oK ok K ok ok K ok ok K ok ok K K
Jchoice=input (' do you want to check the resultfeed,y/n ','s')
%if choice=='y'

% g=gama"p(1);

b for i=1:n

yA for j=1:n

b if abs(g(i,j))<tol

yA g(i,j)=0;

b end

b end

% end

%hend

%hfprintf (' This is g=(A+B*F) Jg',p(1))

%hdisp (' 3k 5k 3k 3k 5k 3 >k 3 >k 3 ok 3k ok ok %k ok Kk Kok kokkkkk ')

g

% 3k 3k 5k >k 3k 5 >k 3k >k >k 3k %k >k 3k 5k >k 5k >k >k 3k >k >k 3k >k >k >k >k >k >k >k >k >k > >k >k > >k >k > >k >k > >k >k > > > > > % > > % 5% % % % % % % % %



% generating parametric feed-back laws

% g=fix(n/m) ;

h if p(1)==

b disp (' The feed-back law is unique ! ')

% disp ("' ok % ok ok ok 3k ok K ok Ok K kok Kok kokok Kok kokokkok ')

% disp (' The kronecker invariants are all
equal ')

hdisp (! K K K K oK oK oK oK oK ok oK ok ok K KKK K K K K KKK KKK Kk kR Rk Rk Rk 1)

% else

yA allfeeds

% end

% 3k 3k >k 3k 3k >k >k 5k %k >k 5k Xk >k 3k Xk >k >k %k >k >k %k >k 3k %k >k >k > >k >k %k >k 3k > >k >k > >k > > >k >k > >k > 5% %k > > > > > >k > > > > % % % % %k %

tl=cputime-tO
(LY F) Jle 4l

% This function evaluates the feasibility of LMIs
% (3.4) and (4.4) for given matrices A and B and
parameters hM and alpha

function flag = stojanovic(A,B,hM,alpha)

nx = size(A,1);

P = sdpvar(nx,nx); Q1 = sdpvar(nx,nx);
Q2 = sdpvar(nx,nx); Q3 = sdpvar(nx,nx);
Z1 = sdpvar (nx,nx) ;

Z2 = sdpvar(nx,nx); Z3 = sdpvar (nx,nx);
Ul = alphax*Z1l+(hM-alpha)*Z2+alpha*Z3;
U2 = alphax*Z1+(hM-alpha)*Z2+hM*Z3;

phill = A'#P%A-P+Q1+Q3-(Z1+Z3)/alpha;

phil2 = A'xP*B+(Z1+Z3)/alpha;
phil5 = (A-eye(nx)) '*Ul;
phi22 = B'*P*B-Q3-(2%Z1+Z3)/alpha;

phi23

Z1/alpha;
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phi25 = B'x*Ul;

phi33 = -Q1+Q2-Z1/alpha-Z2/(hM-alpha);
phi34 = 72/(hM-alpha);

phid4 = -Q2-Z2/(hM-alpha);

phib5 = -U2;

zz = zeros(nx) ;

phi = [phill phil2 zz zz phil5;...
phil2' phi22 phi23 zz phi25;...

zz phi23' phi33 phi34 zZZ; ...

zZz zz phi34' phiéd4 ZZ; ...

phil5' phi25' zz zz phibb5];

sill = phill;

sil2 = A'*xPxB;

si13 = (Z1+Z3)/alpha;

si1l5 = (A-eye(nx)) '*U2;

§122 = B'*P*B-Q3-(2*xZ2+Z3)/(hM-alpha) ;
si23 = (Z2+Z3)/(hM-alpha);

si24 = Z2/(hM-alpha);

si25 = B'xU2;

si33 = -Q1+Q2-(Z1+Z3)/alpha-(Z2+Z3)/(hM-alpha) ;
sid4d4d = -Q2-Z2/(hM-alpha);
sibb = -U2;

si = [sill sil2 sil3 zz silb; ...

sil2' si22 si23 si24 si25;...

sil3' si23' si33 ZZ ZZ; ...
zz si24' zz sid4 ZZ; ...
silb' si25b' ZZ zz sib5];
Constraints = [ P>=0 ]+...

[ Q1>=0 J+[ Q2>=0 1+[ Q3>=0 J+...

[ Z1>=0 1+[ Z2>=0 J+[ Z3>=0 J1+...

[ phi<=0 J+[ si<=0 ];

options = sdpsettings('verbose',0);
solK=optimize (Constraints, [],options);

Pv=value (P) ;



Qilv=value (Q1);Q2v=value (Q2) ;Q3v=value (Q3);

Ziv=value (Z1) ;Z2v=value (Z2) ;Z3v=value (Z3);

hhhhhhhh%h checking feasibility %%%h%h%hhhhhh

Ulv

alphaxZ1iv+(hM-alpha)*Z2v+alpha*Z3v;

U2v alpha*Z1lv+(hM-alpha)*Z2v+hM*Z3v;

phillv

A'xPvxA-Pv+Q1v+Q3v-(Z1v+Z3v) /alpha;

phil2v A'xPv*B+(Z1v+Z3v) /alpha;

phil5v (A-eye(nx)) '*Ulv;

phi22v = B'*Pv*B-Q3v-(2*Z1v+Z3v)/alpha;

phi23v = Zlv/alpha;

phi2bv = B'xUlv;

phi33 = -Qiv+Q2v-Ziv/alpha-Z2v/(hM-alpha);
phi34v = Z2v/(hM-alpha);

phiddv = -Q2v-Z2v/(hM-alpha);

phibbv = -U2v;

phiv = [phillv phil2v zZz zz philbv;...
phil2v' phi22v phi23v zz phi2bv;...
zz phi23v' phi33 phi34v ZZ; ...

zZz zz phi34v' phidédv ZZ; ...
philbv' phi25v' ZZ zz phibbv];

sillv = phillv;

sil2v = A'xPvx*xB;

sil3v = (Z1v+Z3v)/alpha;

silbv = (A-eye(nx)) '*U2v;

si22v = B'*Pv*B-Q3v-(2*Z2v+Z3v)/(hM-alpha) ;

si23v = (Z2v+Z3v)/(hM-alpha);

si24v = Z2v/(hM-alpha);

si2bv = B'xU2v;

si33v = -Qlv+Q2v-(Z1v+Z3v)/alpha-(Z2v+Z3v)/(hM-alpha);

siddv = -Q2v-Z2v/(hM-alpha);
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sibbv = -U2v;

siv = [sillv sil2v sil3v zz silbv;...

sil2v' si222v  si23v si24v si2bv;...

sil13v' si23v' si33v ZZ ZZ; ...
zz si24v' zz siddv ZZ; ...
silbv' si2bv' zZz zz sibbv];

if max(eig(phiv))<0 && max(eig(siv))<0 && min(eig(Pv))
>=0 && min(eig(Q1v))>=0 && min(eig(Q2v))>=0 && min(
eig(Q3v))>=0 && min(eig(Z1v))>=0 && min(eig(Z2v))>=0
&& min(eig(Z3v))>=0

flag = 1;
else
flag = 0;
end
end

WRAA% Example 1 %AUUAAAY
lambda = 0.91;

A = [0.8 0;0 lambdal;

B

[-0.1 0;-0.1 -0.1];

for h = 2:100

temp = O;

for alpha = 1:h-1

if stojanovic(A,B,h,alpha)==

alfa = alpha;

break

end

if alpha == h-1
temp = 1;

end

end



if temp == 1
alpham = alfa;
hM = h-1;
break

end

end

alpham

hM

(89) s asls
WAAAA% Example 1 %%UU%hAh
lambda = 0.97;
A = [0.8 0;0 lambdal;
B

[-0.1 0;-0.1 -0.1]1;
for h = 2:100

temp = O;

for alpha = 1:h-1

if stojanovic(A,B,h,alpha)==
alfa = alpha;

break

end

if alpha == h-1

temp = 1;

end

end

if temp == 1

alpham = alfa;

hM = h-1;

break

end

end

alpham
hM
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Aabstract

In this thesis, we intend to stabilize the delay system using the decomposition method. Using
the decomposition approach, the time-delay interval is divided into two unequal intervals by the
parameter « is set. We define a new delayed Lyapunov-Krasovskii function for obtaining a linear
matrix inequality, which leads to a decrease in conservatism on the maximum boundary of the time
delay.

keywords: Time delay system, direct Lyapunov method, Lyapunov-Krasovsky method, Lyapunov-
Razumykhin method, linear matrix inequality, comonomer form, Kronecker invariance, variable

delay time with time, asymptotic stability, delayed stability
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