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% program for assigning eigenvalues,eigen.m
G ok sbok ok ok ok ok ok sk ok ok sk ok ok ok ok ok ok Sk ok ok S ok Sk ok sk ok b Sb ok ok S ok Sk ok ok b ok b ok

$D=[-1 0000,0-2 100+,0-1-200,000-31,;000 -1 -3]
D=[];
for j=1:n
landa(j)=input (['Enter landa(',int2str(j),')=']),
end

$landa=[ 0 0 0o ]

for i=1:n
D(i,i)= landa(i);,
end
$ D
%if c==
Acap=Al;,
Bcap=Bl1,
newF=Fp ;
%end
ac=Acap+Bcap*F1;,
acl=ac+D;
bcl=Bcap*bo,

Qc=[bcl acl];,
3A=[0.95 0.49 0.46,0.23 0.89 0.02;,0.61 0.76 0.82]
¢ The vector companion form
for i=n:-1:m+l
for k=1:r
if Qc(i,k)==1
for j=k+l:r

t=Qc (i, j)
Qc(:,j)=Qc(:,j)-t*Qc(:,k);
Qc (k-m, :)=Qc (k-m, :)+t*Qc (j-m, :);

end
break
end
end
end
G2=Qc(l:m,m+1:r);
glanda=Qc(:, m+l:r);,
Fc=bo*G2*T1;
disp(' The feedback matrix which gives the desired
eigenvalues')
disp('
ok ok ok ok ok ok ok o o o o ok ok ok ok ok ok ok b 3k ok ok b b b b b b b b b ok ok ok ok ok ok ok ok ok K Ak ok Kk Kk ok Kk ok Kk Kk Kk ok ok ok ok ')
Kp=newF+Fc
3 disp(' with the closed-loop matrix ')
g d_-,_sp(' % ok ok ok ok ok ok ok ok ok ok ok Kk ko ok ok ok ok ok ok ok ok ok ok ok ok ')
gamac=A+B*Kp;,
disp(' checking the eigen values ')
disp(' % %k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ')
v=eig (gamac) '
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[ul,v1]=eig(gamac) ;
c2=cond (ul)

disp(' Frobenius norm of feedback matrix ')
disp(' % ok ok ok ok ok ok kb ok ok b ok ok ok ok ok b ok ok ok ok ok ok ok ok ok Kk ok ok A ')
Normkp=norm (Kp, 'fro')
% disp(' frobenious norm of closed-loop matrix ')
g disp(' % ok %k ok ok ok ok ok ok b ok ok ok Sk ok ok Sk ok ok ok ok ok ok o ok ok ok ok ok ok o ok ok ok ok ok ok ')
% Normgama=norm (gamac, 'fro')
% End of program for eigen

% Algorithm to obtain the kronecker invariants
G kb sk ok ok ok ok ok ok ok ok ok ok ok ok sk ok Sb ok ok ok ok ok sk Sk ok ok ok ok ok ok Sk ok ok ok ok ok S ok ok ok ok ok
[n,m]=size (B);p=[]/
P1=[];pl(m)=0;
1=1; j=m+1;
for i=1:m,
p(i)=1;pl(i)=0;

end
for i=m+1:n,
=j-m*1,
check k
if Q(i,j)==1,
check pl
else
p1(k)=1;
for j=i+1:n+m
k=j-m*1;
check k
if Q(i,j)==1,
check pl
break
else
pl(k)=1;
end
end
end
j=j+1,
end
disp(' These are the kronecker invariants ')
disp(' % ok ok ok ok ok ok ok ok b ok ok b ok ok ok o b o ok ok ok Sk ok ok kb ok ok ok ok & ok ok & 7)
p
% ol.m
3 Swap i-th row with k-th row
if i~=k

Q([i,k],:)=Q([k,i],:);

Ti1([i,k],:)=T1([k,i],:)

Q(:,[i+m, k+m])=Q(:, [k+m,6i+m]) ;
end

o2.m
Divide the pivot row

oo op
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=Q(i,35);
% if t~=0
Q(i/ -')=Q(i/ -')/t/'
Q(:,i+m)=Q(:,i+m) *t,;
T1(i,:)=T1(i,:)/¢t;

% end
% o3.m
% Subtract multiples of the pivot row
if i~=n
for k=i+l:n
=Q(k,1);
if t~=0
Q(k,:)=Q(k,:)-t*Q(i,:);
Q(:,i+m)=Q(:,i+m)+t*Q(: , k+m)
Til(k,:)=T1(k,:)-t*T1(i,:),
end
end
end
% 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

o0

Gk ok sk ok ok ok ok ok sk ok o ok ok ok sk Sk Sk ok ok ok ok sk ok S ok ok ok sk Sk Sk ok ok ok ok ok Sk Sk o ok ok ok ok ok Sk ok b ok ok Sk ok
%
tO=cputime;,
disp(' This is the given plant matrix A') %line
disp(' % ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok b ok A ') 2line
A %line
disp(' This is the given input matrix B') %line
disp(' o ok ok ok ok ok ok ok b ok ok ok b ok ok ok ok ok ok Kk ok ok ok ok ok ok ok ok ok ') 2line
B %line
[n,m]=size (B) %line
r=n+m;
Q=[B,A];
Tl=eye(n);, %line

% The Echelon form of Q
g e -
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=i+1,
else
% perform the similarity operations
% swap i-th row with k-th row:

ol
% divide the pivot row

VoV
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o2
% subtract multiples of the pivot row

o3
i=i+l ;
Jj=j+1;
end
end
sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
% Now compute the Standard echelon form !
% ______________________________________________
s=1;
while s < n
i=s+1 ;
for j=i:r
if Q(i,j)~=0
for k=1:s
if Q(k,j)~=0
t=0(k,3j);
Q(k,:)=Q(k,:)-t*Q(i,:);
Ti(k,:)=T1(k,:)-t*T1(i,:),
Q(:,i+m)=Q(:,i+m)+t*Q(: , k+m) ;
end
end
break
end
end
s=s+1;
end
G ok okok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok Sk ok sk Sk ok ok ok sk ok ok Sk ok ok Sk ok S ok sk ok ok Sk ok Sk ok sk ok ok Sk ok Sb ok ok Sk ok ok ok ok S ok Sk ok ok o ok Sk ok
3 choice=input (' do you want the kronecker invariants displayed,y/n
%I, Isl)
% if choice=='y'
kronk3
3 end

G kokokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Sk ok sk Sk ok ok ok ok ok ok Sk Sk ok sk ok ok Sk ok Sk ok sk ok ok Sk ok ok ok ok ok ok ok ok ok Sk ok Sk ok ok ok ok Sk ok ok b ok
% The vector companion form
for i=n:-1:m+1

for k=i:r

if Q(i,k)==
for j=k+l:r
t=Q(i,3j)/
0(:,3)=0(:,3)-t*Q(:,k);
Q(k-m, :)=Q(k-m, :)+t*Q(j-m, :);
T1(k-m,:)=T1(k-m,:)+t*T1(j-m,:),
end
break
end
end

end
% ok ok ok ok ok ok ok ok 3k ok ok ok ok b b b ok b b b b ok b b b b b b ok ok ok ok ok ok ok ok ok ok ok ok ok o o o ok ok ok ok Kk ok Ik Sk Sk Sk Ik Sk Sk Sk Sk k ok k

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

% if choice=='y'
% disp(' The standard Vector Companion form ')
g disp(' HAKEAAKAAAKAKAA KA A A AA KA A KKK A AR 1 )
Q
% end
28
disp(' This is the transformation matrix,T1')
disp(' ************************************')
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T1

% disp(' press any key to continue')
G ok sbok ok ok ok ok ok sk ok ok sk ok ok Sk ok 5k ok st ok ok sb ok ot ok ok Sk ok ok S ok sb ok sk ok ok Sk b Sb ok ok Sk ok Sk ok ok S b b A ok

% pause

% The Feed-back matrix , F
Bl=Q(:,[1:m]) /Al=Q(:,[m+1:r])
B0=Q(1:m,1:m),; bo=inv (B0)
G=Q(1:m,m+1:r),;Fl=-bo*G,;G0=G,

Fp=F1*T1;

G sk ok okok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok b ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
disp(' This is the primdry feedback law ')

disp(' HAKKAKKRAAK KKK AA KRR A AAAKA 1 )

G sk ok okok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
%disp (' The closed loop matrix A+B*F ')

%disp(' ok ok ok ok ok ok ok ok ok ok kb ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok w

gama=A+B*Fp
Gk ok sk ok ok ok ok ok ok ok ok Sk ok ok ok sk Sk ok ok ok ok sk Sk Sk ok ok sk Sk Sb S Sk ok ok ok sk Sk ok ok ok sk Sk Sk ok ok ok ok Sk Sk S ok ok ok ok Sk Sk b ok ok ok b &

%choice=input (' do you want to check the resultfeed,y/n ','s')
$if choice=='y'
% g=gama“p (1) ;
% for i=1:n
% for j=1:n
% if abs(g(i,j))<tol
8 g(i, j)=0;
% end
% end
% end
%end
$fprintf (! This is g=(A+B*F)*%g’',p(1))
%disp(' **************************')
%g

G sk ok sk ok ok ok ok ok ok ok ok Sk ok ok ok sk ok ok ok ok ok sk ok Sk ok ok sk ok Sk S Sk ok ok ok sk Sk ok ok ok ok Sk Sk ok ok ok sk Sk Sk Sk ok ok ok ok Sk Sk b b ok b b b

% generating parametric feed-back laws

% g=fix(n/m) ;
% if p(1)==q
% disp(' The feed-back law is unique ! ')
3 disp(' hok ok ok ok ok ok ok ok ok ok ok sk ok ok ko k kA Ak T )
% disp(' The kronecker invariants are all
equal ')
%disp(' ok ok %k ok ok ko ok b kb ok ok ok ok b ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok v
3 else
3 allfeeds
3 end

Gk dkok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok S ok ok ok ok ok ok ok ok ok ok ok Sk ok ok ok ok o ok ok ok ok ok ok ok Sk ok ok ok ok ok ok ok ok ok ok ok
tl=cputime-t0
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Abstract

In this thesis, we will be study controllability, observability and stability of descriptor systems. By
using orthogonal equivalence transformations, we will introduce condensed forms, that will show the
regularity of the system, and the from this regularity, we will study the controllability and
observability of it.

Because working with a standard system is much easier than the descriptor system, so by using the
derivation state feedback and proposition the descriptor system is changed into a standard system.

In this thesis a new method for calculation the linear parameter state feedback matrix is introduction
by using the similarity transformations. Then state feedback matrix with minimum norm will be
determined in such a way that the system remain stable.

Descriptor systems, state feedback, regularization, controllability, Observability, stability, similarity
transformations, vector companion form.
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