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clc

clear all

k1 = 360000;

k2 = 36000;

bl = 70;

b2 = 50;

ml = 100;

m2 = 10;

A=1[0010;
0001,
(-k1-k2)/m1 k2/m1 (-b1-b2)/ml1 b2/mi;
(k2/m2) -k2/m2 b2/m2 -b2/m2];

B = [0; 0; -1/ml; 1/m2];

adj = A”-1xdet(A);
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ple = (-5 + 2i)*(-5 - 2i)*(-10 + 5i)*(-10 - 5i);
R = [B A*B A*A*B AxAxAxB];

q=[00 0 11%R"-1;

(A - (-5 + 2i)*eye(4))*(A - (-5 - 2i)*eye(4))
*(A - (10 + bi)*eye(4))*(A - (-10 - Bbi)*eye(4));

(1/ple)*xg*adj*z;
real (k)

Ac = (eye(4) + Bxk)“-1x%A;
eig(Ac);
%K = acker(A,B, [-5+2i,-5-21,-10+51,-10-51])
K=-qg* (A+(5+21i) *eye (4) ) x (A+(5-21)*xeye (4) ) * (A+(10+51i) *eye (4) ) x (A+(10-51) *eye (4))
Anew = (eye(4) + Bxk) -1%A;
init = [.5 .5 .2 .2];

ci=1[100 0];

sys = ss(Anew,B,c1,0);
sysl = ss(A+B*K,B,c1,0);

[y,t,x] = initial(sys,init,1.6);
[yl1,t1,x1] = initial(sysl,init,1.6);

[s1,s82] = size(x);

[sil,si2] = size(x1);



AY

¢35 Jad MATLAB gbsS N\

for i = 1:s1

dx(i,:) = (Anew*x(i,:)')"';

u(i,:) = -

end
DoTolototo ol

for i = 1:sil

dx1(i,:)
houl(i,:)
ul(i,:)

end

Yool ToToToh
plot(t,x);
hfigure
hplot(t,dx);
figure
plot(t,u);
figure
plot(tl,x1);
hfigure
hplot(tl,dx1);
figure

plot(tl,ul);

(kx(dx(i,:)'))";

((A+B*K) *x1(i,:)')";
-(Kx(dx1(i,:)"))";
Kx(x1(i,:)"))";

sk sk sk s st skosk sk sk ke skt skosk sk sk skoske skosk sk skok sk skosk sk skok sk skok skokok ko skok sk
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m=1;

ro = 0.05;
r0 = 0.1;
g = 9.81;
b =0.1;
ib = 5;
i=1;

A=[0100; 0 (-b)/(m*xr0~2 + 1) -m*g/(m*xr0~2 + 1) 0; 000 1; —(m*xg*ro~2)/(m*ro~2 + i
B = [0; 1/(m*r0"2 + i);0;0];

A~-1xdet (A);

(=7 + 21)*(-7 - 21)*(-10 + 5i)*(-10 - 5i);

o I V)
= o
o .
1] ]

R = [B A*B A*A*B A*AxAxB];
q=[00 0 1]1*%R"-1;

z = (A - (-7 + 2i)*eye(4))*x(A - (-7 - 2i)*eye(4))
*(A - (10 + bi)*eye(4))*x(A - (10 - 5i)*eye(4));

k = (1/ple)*qg*adj*z;
k = real(k)

Ac = (eye(4) + Bxk) " -1x%A;
eig(Ac);
%K = acker(A,B, [-5+2i,-5-2i,-10+5i,-10-5i])
K=-q* (A+(7+21) xeye (4) ) * (A+(7-21i) *eye (4) ) x (A+(10+51i) *eye (4) ) * (A+(10-51) *xeye (4))
Anew = (eye(4) + Bxk)“-1xA;
init = [.1 .1 0.05 0.05 ];

cl=1[100 0];

sys = ss(Anew,B,c1,0);
sysl = ss(A+B*K,B,c1,0);
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[y,t,x] = initial(sys,init,1.4);
[yl,t1,x1] = initial(sysl,init,1.4);

[s1,s82] = size(x);

[sil,si2] = size(x1);

for i = 1:s1

dx(i,:) = (Anewxx(i,:)')';
u(i,:) = -(kx(dx@@,:)"))";

end

for i = 1:sil

dx1(i,:) = ((A+B*K)*x1(i,:)")"';
% ul(i,:) = -(Kx(dx1(i,:)"))"';
ul(i,:) = Kx(x1(i,:)"))';

end

plot(t,x);
hfigure
%plot(t,dx);
figure
plot(t,uw);
figure
plot(tl,x1);
hfigure

%plot(tl,dx1);
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figure
plot(tl,ul);
n= sum(sum(k.”2))".5 ;

N=sum(sum(K."2))".5;

clc

clear all
close all
m = 10;
k1 = 500;
k2 = 700;
bl = 10;
b2 = 20;

cl = (1/m) + 1;
c2 = (1/m) - 1;

A=1[0010;
000 1;

-k1lxcl -k2*c2 -bl*cl -b2*c2;
-kl*cl -k2%cl -bl*c2 -b2x*cl];

B = [0 0;
0 0;
cl c2;
c2 cl];
bl = B(:,1);
b2 = B(:,2);

R = [bl Axbl b2 A*b2];

s Jod Jls s YT
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gl = [0 1 0 0]*R™-1;

q2 = [0 0 0 1]%R~-1;

inq = [ql; ql*A; g2; q2*A];
polel [-5+2i -5-2i];
pole2 = [-10+5i -10-5i];

k11 = 1;
k12 = eye(4);
k21 = 1;
k22 = eye(4);

for i = 1:1:2

k11l = (-1/polel(i)) * k11;
k12 = (A - polel(i)*eye(4)) * k12;
k21 = (-1/pole2(i)) * k21;
k22 = (A - pole2(i)*eye(4)) * k22;
end
k1 = kllxql*A~-1%k12;

k2 k21*q2*xA™-1xk22;

%k=[349.5517 228.7241 41.3052 30.5224;-320.2138 -169.9931 -48.1314 -34.6893] ;

k = -([ql; g2]*A~-1*B) ~-1*[k1; k2];

T=[q1*A*B;q2*A*B] ~-1

M=[-q1*(A+(5-21) *eye (4))* (A+(5+2i)*eye(4));-q2* (A+(10-5i)*eye(4))* (A+(10+5i) *eye(4))]
%K=[-420.2500 65.2500 17.50000 22.5000;281.2500 -356.2500 45.00000 35.0000]

K=T"-1xM

Anew = (eye(4) + Bxk)“-1x4;
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init = [-0.01 0.02 -0.02 0.01];

cl=1[1000];

sys = ss(Anew,B,c1,0);
sysl = ss(A+BxK,B,c1,0);

[y,t,x] = initial(sys,init,1.4);
[yl1,t1,x1] = initial(sysl,init,1.4);

[s1,s82] = size(x);

[sil,si2] = size(x1);

for i = 1:s1

dx(i,:) = (Anew*x(i,:)')';

u(i,:) = —(kx@dx@@,:)"))";

end

for i = 1:sil

dx1(i,:) = ((A+B*K)*x1(i,:)")"';
%oul(i,:) = -(Kx(dx1(i,:)"))";
ul(i,:) = +(Kx(x1(i,:)'))"';

end

plot(t,dx);

figure

plot(t,x);

figure



qy eler Jad Jlo oS YT

plot(t,u);

figure

plot(tl,x1);

figure

hplot(tl,dx1);

hfigure

plot(tl,ul);

n= sum(sum(k.”2))".5 ;

N=sum(sum(K."2))".5;

>k sk skt skoske sk sk sk skosk sk sk sk skosk sk skosk skt sk sk skok skt skt sk skok sk skosteoskoskok stk skt sk sk skt skt skoskoskoskok skokeoskoskokoskok skotkoskokokoskok skokokokos
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m=10;

i=1;

1=1;

k1=500;

k2=700;

b1=10;

b2=20;

cl=(1/m)+1;

c2=(1/m)-1;

A=[0 01 0;000 1;-kil*cl -k2*c2 -blxcl -b2*c2;-ki1*c2 -k2*cl -bl*c2 -b2x*cl];
B=[0 0;0 0;cl c2;c2 ci1];

k=[98.0081 -6.5270 1.5875 -1.5119;-4.6622 35.6412 -0.2978 1.9490] ;
Anew = (eye(4) + Bxk)“-1xA;

init = [-0.01 0.02 -0.02 0.01];
cl=1[1000];
sys = ss(Anew,B,c1,0);

ly,t,x]
[s1,s2]

initial(sys,init,1.4);

size(x);
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for i = 1:s1

dx(i,:) = (Anewxx(i,:)')';

u(i,:) = —(k*x(dx(i,:)"))"';

end
plot(t,dx);
figure
plot(t,x);
figure

plot(t,u);

3k s st sk sk sk sk sk skoske sk sk sk skt sk sk sk skoske sk skosk sk skt sk sk sk skoskoskoskok kot skolkoskokokoskor skokek

k1=500;

k2=700;

b1=10;

b2=20;

cl=(1/m)+1;

c2=(1/m)-1;

A=[0010;000 1;-ki*cl -k2%c2 -bl*cl -b2*c2;-k1*c2 -k2*cl -bl*c2 -b2*cl];
B=[0 0;0 0;cl c2;c2 cl1];

c=[0 01 0;0001];

f=[-1.0213 -1.0896;3.5659 1.2723];

Anew (eye(4) + Bxfxc) -1xA;

init [-0.01 0.02 -0.02 0.01];

cl=1[1000];

sys = ss(Anew,B,c1,0);
[y,t,x] = initial(sys,init,1.4);
[s1,s82] = size(x);

k=fx*c;
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for i = 1:s1

dx(i,:) = (Anewxx(i,:)')';
u(i,:) = -(kx(dx(@,:)"))";

end
plot(t,x);
figure
plot(t,dx);
figure
plot(t,cx(dx)");
figure

plot(t,u);

sk sk sk s sk sk sk sk skosk sk skosk sk sk sk sk sk skosk sk sk sk sk sk sk sk skosk sk sk sk skosk skosk sk skosk sk sk skt skoske sk skoskoskeskosk ko skok

m=10;

i=1;

1=1;

k1=500;

k2=700;

b1=10;

b2=20;

cl=(1/m)+1;

c2=(1/m)-1;

A=[0010;000 1;-kl*cl -k2*c2 -bl*cl -b2*c2;-k1*c2 -k2*cl -bl*c2 -b2*cl];
B=[0 0;0 0;cl c2;c2 ci1];

Q=[10000 0 0 0;0 10 0 0;0 O 10 0;0 O O 10];
R=[1 0;0 1];

AN=A"-1;

BN=A"-1x%B;

[x,1,g] = care(AN,BN,Q,R)
k=-g
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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

(6)- The Kronecker invariants

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

tO=cputime;
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disp(" This is the given plant matrix A') %line 1
disp(' sk ok 3k ok 3k K ok K ok 3 ok 3k ok 3k K ok 3 ok 3k ok ok Sk ok ok ok ok Kok k ) Y%line 2
A %line 3
disp(' This is the given input matrix B') %hline 4
disp(' 35 ok 3k ok ok K ok 3 ok 3 ok 3k ok 3k K ok 3 ok 3k ok Kok sk ok ok ok ok sk ok k ! ) Y%line 5
B %line 6
[n,m]=size(B); %line 7
r=n+m;
Q=[B,Al;
Tl=eye(n); %line 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=i+1;
else
% perform the similarity operations
% swap i-th row with k-th row:
ol
% divide the pivot row
02
% subtract multiples of the pivot row
03
i=i+l
J=i*;
end

end

Yo skskok ok sk ok ok sk ook ok sk ok ok ok ok ok K ok ok K ok ok ok ok 3k ok ok ok ok K ok ok ok ok ok oK
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% Now compute the Standard echelon form !

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=Q(k,j);
Qk, :)=Qk, )-t*Q(i,:);
T1(k,:)=T1(k,:)-t*T1(i,:);
QC:,i+m)=Q(:,i+m)+t*Q(: ,k+m);
end
end
break
end
end
s=s+1;

end

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

yA choice=input (' do you want the kronecker invariants displayed,y/n %','s"')
% if choice=='y'
kronk3
yA end

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

% 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,j);
QC:,3)=0C,)-t*Q(C: k) ;
Q(k-m, :)=Q(k-m, : ) +t*Q(j-m, :);
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T1(k-m,:)=T1(k-m, :)+t*T1(j-m,:);
end
break
end
end

end

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

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

pA if choice=='y'
yA disp(" The standard Vector Companion form ')
% disp(" ook 3k ok ok 3 ok 3 ok ook sk ok ok K ok ok Kok Kok sk ok k ok ok kokkokk )
Q
% end

yA

disp(' This is the transformation matrix,T1')

disp(" otk ok ok ok ok ok okok ok ok ok ok ok ok ok ok kK Kk Kk ko ko kok ok ok 1)

T1
b disp(' press any key to continue')

Y ok sk sk ok sk ok sk ok ok s ok sk ok sk s ok K ok sk ok ok ok K ok ok 3 ok K ok ok 3 ok ok K ok ok 3 ok ok ok ok ok ok ok ok ok

% pause
% The Feed-back matrix , F
B1=Q(:,[1:m]);A1=Q(:, [m+1:r])
BO=Q(1:m,1:m) ;bo=inv(B0O)
G=Q(1:m,m+1:r) ;F1l=-bo*G;G0=G;

Fp=F1%T1;
% >k 3k 3k 5k 3k 5k 5k >k 5k >k 5k >k 5k 3k 5k 3k >k 5k >k 5k >k 5k 5k 5k 3k >k 5k >k 5k >k 5k >k 5k 5k 5k 3k >k 5k >k 5k >k 5k 5k 5k 5k >k >k >k 5k >k 5k 5k 5k 5k >k >k %k >k >k >k >k k
disp(' This is the primdry feedback law ')
disp (" KA KKK A KKK KK A KKK KK AR KKK KA KA KKK KKK 1)
Fp

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

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

%disp(' sk ok s ok sk ok ok ok sk ok sk ok sk ok sk kok ok skok sk ok sk kokk 1)
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gama=A+B*Fp
Yo sk ksk ok skok ook ook ok ook ook ok ok ok ook ok ok ok ook ok Kok o ok ok Kok ok o Kok o oK o Kok o oK ok ok o ok ok ok ok ok ok ok ok
hchoice=input(' do you want to check the resultfeed,y/n ','s')
%if choice=='y'

yA g=gama“p(1);

b for i=1:n
b for j=1:n
b if abs(g(i,j))<tol
h g(i,3)=0;
b end
YA end
% end
hend
%fprintf (! This is g=(A+B*F)~%g',p(1))
%disp (" okok Kok ko ok ok ko sk ok ko ok ok kR ok ok ok 1)
g

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

% generating parametric feed-back laws

% g=fix(n/m);
yA if p(1)==
yA disp(" The feed-back law is unique ! ')
% disp(" KA KKK KKK AR A KKK KKK 1)
yA disp(" The kronecker invariants are all equal ')
%disp (" s Kok Kok K ok K ok Kok K ok K ok K ok K ok Kok Kok Kok KKK kKKK R KRRk K )
pA else
b allfeeds
% end

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

tl=cputime-t0

% program for assigning eigenvalues,eigen.m

% 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 5k 5k 5k 5k 5k 5k ok 5k 5k 3k 3k >k 3k 3k >k 3k >k >k >k >k ok 5k ok 5k 5k
% D=[-10000;0-2 100;0-1-200;000-31;000 -1-3]
D=[];
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for j=1:n
landa(j)=input (['Enter landa(',int2str(j),')='1);
end

%landa=[ O 0 0 1

for i=1:n
D(i,i)= 1landa(i);
end
% D
hif c==0
Acap=A1;
Bcap=B1,;
newF=Fp ;
%hend
ac=Acap+Bcap*F1;
acl=ac+D;

bcl=Bcap*bo;

Qc=[bcl acl];
%A=[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+1
for k=l:r
if Qc(i,k)==1
for j=k+1:r
t=Qc(i,j);
Qc(:,3)=Qc(:,j)-t*Qc(:,k);
Qc (k-m, :)=Qc (k-m, : )+t*Qc(j-m, :);
end
break
end
end
end

G2=Qc(1:m,m+1:r);
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glanda=Qc(:,m+1:r);
Fc=bo*G2x*T1;
disp(" The feedback matrix which gives the desired eigenvalues')
disp(" sk ok Kok oK oK o oK oK oK oK oK oK K oK oK ok o oK K ok ook ok ok ook oK ok ok o ok ok ok ok ok Kok ok kK ok ok ok 1)
Kp=newF+Fc
yA disp(" with the closed-loop matrix ')
% disp(" sk Kok KoK Kok KKK kKKK kKKK kR ok 1)
gamac=A+B*Kp;
disp(' checking the eigen values ')
disp(" Kok Kok KoKk Kok KoK KKK KKKk Kk Kok ok 1)
v=eig(gamac) '
[ul,v1l]=eig(gamac);
c2=cond (ul)
disp(' Frobenius norm of feedback matrix ')
disp (" Kok Kok Kok Kok KK ok KoK KK kKoK KK KKK KRRk Rk kK 1)
Normkp=norm(Kp, 'fro')
b disp(" frobenious norm of closed-loop matrix ')
% disp(' Kok Kok KoK ok Kok KoK KoK KoK KK oK KoK KKK KKK KRRk Rk k1)
A Normgama=norm(gamac, 'fro')
yA End of program for eigen

kokeosk sk
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Aabstract

In this thesis, we will intraduce the direct solution of the pole placement problem by stat-
ederivative feedback for single-input and multi-input linear systems. this thesis describes
the solution of this pole placement problem for any controllable system with nonsingular
system matrix and nonzero desired poles. Then closed-loop poles can be placed in order to
achieve the desired system performance. The solving procedure results into a formula sim-
ilar to Ackermann one. Its derivation is based on the transformation of linear single-input
and multi-input systems into Frobenius canonical form by coordinate transformation, then
solving the pole placement problem by state derivative feedback and transforming the so-
lution into original coordinates.

Then we introduce state-derivative and especially output-derivative feedbacks for linear
time-invariant systems are derived using control approach similar to linear quadratic regu-
lator (LQR). The optimal feedback gain matrices are derived for the desired performance.
This problem is always solvable for any controllable system if the open-loop system ma-
trix is nonsingular. Explicit expression of the state-derivative gain matrix is derived.
Then we introduce (i) linear time-invariant plants given by the state-space model matri-
ces {A, B,C, D} with output equal to the state-derivative vector are not observable and
can not be stabilizable by using an output feedback if det(A) = 0 and (ii)the rejection
of a constant disturbance added to the input of the aforementioned plants, considering
det(A) # 0, and a static output feedback controller is not possible. At the end of each

section for more understanding of concepts, numerical examples are provided.

keywords:Pole placement, State-derivative feedback,Output derivative feedback, Observ-
ability , Stabilizability.
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