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% program for assigning eigenvalues,eigen.m
% AR AR AERA R A A A A A A IAARA R AR A F A A KA FA A dhhdhhh %

$ D=[-1 0000;0-2 100;0-1-2020; 0020 -3

1 ;000 -1 -3]
D=[]:
for j=1l:n
landa {j)=input (['Enter
landa (', int2str(3),')="1);
end
$landa=[ 0 0 0 ]

for i=l:n
D(i,i})= 1landa{i);
end
% D
if c==
Acap=Al;
Bcap=B1;
newkF=Fp ;
send
ac=Acap+Bcap*Fl;
acl=ac+D;
bcl=Bcap*bo;

Qc=[bcl acl]:
$A=00.95 0.49 0.46;0.23 0.89 0.02;0.61 0.76 0.82]
% The vector companion form
for i=n:-1l:m+l
for k=l:r
if Qc(i,k}==1
for j=k+1l:r
t=0c(1,3);
Qc(:,J)=0c(:,])-

t*QC(:rk)F
Qc (k-m, : ) =Qc (k-

m, :)+t*Qc (j-m, :};
end
break
end
end

end

GZ2=Qc{l:m,m+1l:r);

glanda=Qc{:,m+l:r);

Fc=bo*G2*T1;
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disp (' The feedback matrix which gives the
desired eigenvalues')

disp ('
IR R SRS SRR SSA S LRSS LS RS L SR ES S LSS SR AR LRSS EEEREEEEEE S S S )

Kp=newkF+Fc

% disp(' with the closed-loop matrix ')
% dlSp(' IS S S SR RS E LSS S EE SRS RS EEEE LSS ')
gamac=A+B*Kp;
disp(’ checking the eigen values ')
disp(l’ R 2 E R SRS E SRS EEELE RS SR ES SRR I)

v=eig{gamac) '
[ul,vl]=eiqg (gamac) ;
c2=cond {ul}

disp (' Frobenius norm of feedback matrix ')
disp(l (2RSSR E S A S A S SRS R EERSEESESESES RS ')
Normkp=norm (Kp, 'fro')
% disp (' frobenious norm of closed-loop
matrix ')
% disp('

22T E RS LSRR S S S EEESEEESEERLSEERSEREESEE] 'l')

% Normgama=norm {gamac, 'fro’')

End of program for eigen

oL

Given an n by m matrix B , an n by n matrix A

o°

% 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
PD- IR R E RS S EE S EEEETELESEEEEE S8 EEEEE SR SR EEEE RS EEEEEE LS &%
%
t0=cputime;

disp (" This is the given plant matrix A')
$line 1

disp(T 'k*******************************l)
%£line 2

A

$line 3

disp("' This is the given input matrix B')
%line 4

disp(' ********************************r)
$line 5

B

%line 6

AY
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[n,m]=size(B);

%line 7
r=n+m;
0=[B,A];
Tl=eye (n);
$line 10
% The Echelon form of ¢
% ______________________
i=1;73=1; tol=le-6;
while ( i<=n ) & { j<=r )
[q,k]l=max{abs{Q(i:n,J))} ; k=k+i-1;
if  (g<=tol)
Qg{i:n,j)=zeros(n-1i+1,1);
J=j+1;
else
% perform the similarity operations
% swap i-th row with k-th row:
ol
% divide the pivot row
oz
% subtract multiples of the pivot row
03
i=i+l ;
J=j+1;
end
end

% I F R TSRS R LSS LSS SRS SRS E LS R AS RS S ER SRS LTSRS EEREEESS

% Now compute the Standard echelon form !

s=1;
while s < n
i=s+1 ;
for j=i:r
if Q(i,3)~=0
for k=1l:s
if Q(k,3)~=0
t=Q(krj)F
Q(kr:)=Q(kr:)_
t*Q (i, :);
T1(k, :)=T1l(k, :}y—t*T1(i,:);
Qf{:,i+m)y=Q(:,i4+m)+t*Q(:, k+m);
end
end
break
end

AT
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end
s=3+1;
end
%
A SRS EEEEEE RS EEEEE L LR EEEEEEEEEEES R SRR SRS S &SRR EETESEEE D LRSS T
* ok okok kK
% choice=input (' do vyou want the kronecker
invariants displayed,y/n %','s")
% if choice=='y'
kronk3
% end
2

]
IFE LSS LSS ST L LT LSS S E R LSS AL SRS SRS E SRR R R RS RS RS

*dhkxk Kk

% 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=0(i,J);
Q{:,3)=Q(:,7])-
£*Q(:,k);
Q(k-m, :)=0Q (k-
mr:)+t*Q(j_mr:);
T1{k-m, :)})=T} (k-
m, :)+t*TLl{J-m, :};
end
break
end
end
end
o

]
IR E R R AR R R EE R R LR ST EE S S S S LSS LRSS SRR SREERE SR EEEEEEEESEESE

* Kk k Kk
% choice=input('do you want the prim. wvec comp form
displayed,y/n%','s')
% if choice=='y’
% disp (' The standard Vector Companion form ')

% dlsp(' LR SRS A RS L E AL LR A SE SRS S S EEE L EE S S LRSS l)

disp (' This 1s the transformation
matrix,T1l"')
disp('

khkhkkhhbhrhhhhhdhhhhrhhkr kbR AR RA Rk ! )

Tl

Ad
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o\

disp (' press any key to
continue')
%
AR AR A AT AT A A A AL A A AT RA AKX TARAA AN AN XA Ak bkd o hhhhhhdd
% pause
% The Feed-back matrix , F
Bl=Q(:, [1:m]);Al=Q(:, [mtl:r])
B0=Q(1l:m,1l:m) ;bo=inv (B0}
G=Q{l:m,m+1l:r);Fl=-bo*G; G0=G;

Fp=F1*T1;
%
AR T AR A AIAA AT AT A A AT AR AR A h bk RAR AR A A A AT A R A AR AT A A h Lk
* k&
disp(' This 1s the primdry feedback law '}
disp(f hhkkhkkhkhhkhkhhkdxhhkhkhkrhhhbdhokhbhbhkdhhhk l)
Fp
%
kA Kk A T AT A A A ARk A ARk AR A AT A Ak kb d bbbk bk hkdhkhdrhh ko dhdhhkxd
* k%
sdisp (' The closed loop matrix A+B*F ')
%disp(T khkkhkkhkhkhkhkkhhkhkddhkhkhkhkdhhhrdhhhkx l)

gama=A+B*Fp
%

AhkkhkhkhkhdhkkArrdhdhkhhkdrhkhkhkrhhdhdhrdddhdrhhrddhrhdhddrdhhbdbhhbrhbhrdhhdkt
% ¥k
%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=1l:n
% if abs(g(i,j))<tol
% g(ilj)=0;
% end
% end
% end

oe

$end

sfprintf (* This is g=(A+B*F)"*3g',p (1))
%disp(' ***********************k**I)
%g

%

FE P EEEETE S ETEEELEELELELREEREISEIEELE S LSS SRS A S R A RS S S S S LS R & 85
* %k %
% generating parametric feed-back laws
% g=fix (n/m);
% if p(l)==q
% disp(' The feed-back law
is unigque ! ")

A
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% disp ('

IE TR R R EEE EEE S EEEEEEE SRS &S X 8N l)

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

%disp ('
IR EE A EEEEEE R SRS FESE LRSS SRS S &L S E P S &R S ')

% else
% allfeeds
% end

%
I TR E X AR AR TR EEETEEFEEESSSSELELE SR LR RS EEEEEERE SRR SRR L AR RS S
* &k
tl=cputime-t0

Py ol.m
% Swap i-th row with k-th row
if i~=k
Q([i,kl,:)=0([k,1i1,:);
T1([{i,k],:)=T1((k,i],:);
Q(:, [i+m, k+m])=0(:, {k+m, i+m]);

End
B 0Z2.m
% Divide the pivot row
t=Q(irj)F
% if t~=0

Q(ir:)':Q(ir:)/ti
Qf:,1+m})=0Q(:,i+m) *t;
T1(i, :)=Tl(i,:)/t:

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

Ok, :)=Q(k, ) -t*Q (i, :);
Q(:,i+tm)=Q(:,i+m)+t*Q(:,k+m);

Tl ({k, :}y=T1(k, :)-t*T1(i, :);
end

AY
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Regl
% 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
% P R R R R AR R A AR R RS RS SR L E RS SRS SRR R RS
%
t0=cputime; _

disp(' This is the given plant matrix A')
%2line 1 _

disp(l *********‘k**‘k*******************l)
%line 2

A

%line 3

disp("’ This is the given input matrix B')
%line 4

disp(l ********‘k****‘k******************l)
%line 5

B

%line ©

[n,ml=size (B);
$line 7

r=n-+m;

Q=[BIA] I

Tl=eye({n);
%1line 10

% The Echelon form of Q

S e, ——————————

i=1;9=1; tol=le-6;
while ( i<=n ) & ( j<=r )
[g,k]=max{abs (C{(i:n,j))) ; k=k+i-1;
if  (g<=tol)
Q(i:n,j)=zeros{n-i+l,1);
j=j+1;
else
% perform the similarity operations
% swap i-th row with k-th row:

ol
% divide the pivot row

AA
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02
% subtract multiples of the pivot row

03
i=i+1 ;
j=j+1;
end
end
% EH AKX LA A A A ERA T AT A A A A A A A AT AET AN A AN A A AL A A A X d*

% 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,J);
Q(k,:)=0(k,:)-
t*Q (i, )
Tl(k,:}=Tl(k, :)—-t*T1{i,:);
O{:,i+m)=Q{:,i+m)}+t*Q(:, k+m};
end
end
break
end
end
s=s+1;
end
%
T L e R R e R R AR s R R R RN L SR A S EEE RS LR EEEE SRR TS
*hkh k%
% choice=input(' do vyou want the kronecker
invariants displayed,y/n %','s'}
% if choice=='y'
kronk3
% end
%

kkkhkhhkkdrkhkhkhhkhkhtthhhkthhhhkhhkhhhhkhhhbhrhdbrhkrhhrthhohkrhorr ot ik
* ok ok ok ok ok

]

% The vector companion form
for i=n:-1:m+1
for k=i:r
if Q(i, k)==1
for Jj=k+l:r
t=Q(i,J);

Al
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Q(:rj)=Q(:rj)—
£*Q(:, ks
Q{k-m, :)=0Q (k-
m, :)+t*Q(j-m, :);
T1{(k-m, :)=T1 {k-
m,:)+t*T1 (1-m, :);
end
break
end
end
end
%

222 RS R TS EE LR LT EEEE L EEEEERE SRS EEE RS SR EEEE SRR EEEEEEEEEEEEE
* kR K

[+)

% choice=input('do you want the prim. vec comp form
displayed,y/n%','s")
2

% if choice=="y'
% disp(' The standard Vector Companicn form '}
% dlsp(' 'k'k**'k****iﬁ************************ T)
Q
% end
%
disp(" This 1is the transformation
matrix,T1l")
disp('
P R R e R E R SRR RS FEE LSS RS EEE LS ')
T1
% disp(' press any key to
continue')
%

khkhkhhkk KRk A b hA kA hkhkhrdrrhhhhdhdhdhhddhhhkhhdrhhkikdhkhhi

% pause
% The Feed-back matrix , F
Bl=Q{:, [1:m]);Al=Q(:, [m+i:r])
B0=C(1l:m,1l:m);bo=1inv(B0)
G=Q{(l:m,m+1l:r};Fl=-bo*G; GO=G;
Fp=F1*T1;
%
B T T T R R g e e I R RS R A R R AR R R SRR S AR R REE SRR RS E

* k*k
disp (' This is the primdry feedback law ')
disp(l I E T E RS EE RS LS SR LS LS LS E TR SRS RS RS S A ‘)
Fp
%

Ak AR R K R A AT A AL AR AR A A bk bd A dr bk dhhkd A dbdrhkhhhhddhhddhisik

* k%

Fdisp (' The closed loop matrix A+B*F ')

3.



SHgueolS slaanli p douond

%disp(l Ak dk kR hhhkhhkhdhhrhkhrbhbhxdhhik l)
gama=A+B*Fp
%

R R R A EE R SRR REEEEEEEEEE LSS LSS AL LS E S AS R R RS E LR RS
k&

%choice=input {' do you want to check the
resultfeed,y/n ','s")
%1f choice=='y'

% g=gama”p (1) ;
% for i=1:n
% for j=1:n
% if abs({g(i,j))<tol
% g(irj)=0:'
% end
% end
% end
%end
Sfprintf (' This is g=(A+B*F)"%g',p (1))
%diSP(T *-k-k*-k*********************l)
39
%
AR AR A KA A A A AT IR A AR A A A AR ARAR A A AR AT R AT IR AAR AR A A A KA KNI dRAK
* kK
% generating parametric feed-back laws
% g=fix(n/m);
% if p(l})==
& disp (' The feed-back law
is unique ! "}
% disp('
I A E S TR EE R EE S EEE RS LE LSS l)
% disp (' The kronecker
invariants are all equal ')
$disp ('
AR KFAKARFTFARA AR A A A A kT dhhhhhkhdrdRreddk ')
% else
% allfeeds
% end

%

ARk A A A AKX AF A A A AR AA Ak dhbkhrhkhhkdrhdrrhkdhdrhddhdhhdrdtdrrhhhbdrhhhadk

* **

tl=cputime-t0



Abstract

In this thesis, the stability of a set of linear systems with state feedback and output
feedback of linear systems have been studied . Then by combining these two methods
using sofiwares Lingo and Matlab, a new method is presented to calculate the
parameter matrix output feedback of linear svstems.

In addition, a new method for computing the state feedback for a set of systems with
time-delay by augmentation technique is proposed . Further, by generalizing state-
derivative feedback control from the descriptor systems, a new method to calculate the
state feedback matrix for the set of systems is presented. For the stability of systems, it
is necessary that the eigenvalues of the closed-loop systems lie inside a specified region
in the left hand side of the complex plane. This aim is achieved by solving linear and

nonlinear parametric systems of equations using nonlinear programming.

Keywords: Augmentation technigue - Output feedback— State feedback- Eigenvalue

assignment- Time delay systems- Descriptor systems- Linear systems.
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