














echo on
%
% The A and B matrix for configuration 1
%
A1 = [0 1 0 0;18/7 0 -9/7 0;0 0 0 1;-27/7 0 24/7 0]

A1 =

         0    1.0000         0         0
    2.5714         0   -1.2857         0
         0         0         0    1.0000
   -3.8571         0    3.4286         0

B1 = [0;-30/7;0;66/7]

B1 =

         0
   -4.2857
         0
    9.4286

%
% (a) The controllability matrix is
%
Mc1 = [B1 A1*B1 A1*A1*B1 A1*A1*A1*B1]

Mc1 =

         0   -4.2857         0  -23.1429
   -4.2857         0  -23.1429         0
         0    9.4286         0   48.8571
    9.4286         0   48.8571         0

%
% The controllability matrix is full rank:
%
rank(Mc1)

ans =

     4

%
% (b) The eigenvalues and vectors are:
%



[v,d]=eig(A1);d=diag(d);
%
% The eigenvalues:
%
d

d =

    2.2952
   -2.2952
    0.8557
   -0.8557

%
% The eigenvectors:
%
v

v =

   -0.1719   -0.1719   -0.4353   -0.4353
   -0.3946    0.3946   -0.3725    0.3725
    0.3605    0.3605   -0.6227   -0.6227
    0.8275   -0.8275   -0.5329    0.5329

%
% (c) Find the gain K to place all the poles at s=-1.5:
%
K1 = acker(A1,B1,[-1.5,-1.5,-1.5,-1.5])

K1 =

  -18.3516  -19.6875   -6.2734   -8.3125

%
% Check the results:
%
eig(A1-B1*K1)

ans =

  -1.5011          
  -1.5000 + 0.0011i
  -1.5000 - 0.0011i
  -1.4989          



%
% (d) Find the homogenous response. There are a number of ways 
to do this
% in Matlab. The easiest is that the homogenous response to an 
initial
% condition x0 is the same as the impulse response for the 
system (A1,x0,C).I
% will find and plot just the position variables, x1 and x3:
%
C = [1 0 0 0;0 0 1 0]

C =

     1     0     0     0
     0     0     1     0

D = [0;0]

D =

     0
     0

x0 = [1;0;0;0]

x0 =

     1
     0
     0
     0

sys = ss(A1-B1*K1,x0,C,D)
 
a = 
           x1      x2      x3      x4
   x1       0       1       0       0
   x2  -76.08  -84.37  -28.17  -35.62
   x3       0       0       0       1
   x4   169.2   185.6   62.58   78.37
 
 
b = 
       u1
   x1   1



   x2   0
   x3   0
   x4   0
 
 
c = 
       x1  x2  x3  x4
   y1   1   0   0   0
   y2   0   0   1   0
 
 
d = 
       u1
   y1   0
   y2   0
 
Continuous-time model.
[y,t] = impulse(sys);
figure(1)
plot(t,y)
legend('\theta_1','\theta_2')
xlabel('Time, {\it t} (sec)')
ylabel('\theta_1, \theta_2')
title('Initial condition response for configuration 1')
print -depsc2 'figure1.eps'

%
% Now do configuration 2
%
echo on
%
% The A and B matrix for configuration 2
%
A2 = [0 1 0 0;1.13137 0 0 0;0 0 0 1;0.565685 0 0 0]

A2 =

         0    1.0000         0         0
    1.1314         0         0         0
         0         0         0    1.0000
    0.5657         0         0         0

B2 = [0;0.35697;0;3.45720]

B2 =



         0
    0.3570
         0
    3.4572

%
% (a) The controllability matrix is
%
Mc2 = [B2 A2*B2 A2*A2*B2 A2*A2*A2*B2]

Mc2 =

         0    0.3570         0    0.4039
    0.3570         0    0.4039         0
         0    3.4572         0    0.2019
    3.4572         0    0.2019         0

%
% The controllability matrix is full rank:
%
rank(Mc2)

ans =

     4

%
% (b) The eigenvalues and vectors are:
%
[v,d]=eig(A2);d=diag(d);
%
% The eigenvalues:
%
d

d =

         0
         0
    1.0637
   -1.0637

%
% The eigenvectors:
%
v



v =

         0         0    0.6127   -0.6127
         0         0    0.6517    0.6517
    1.0000   -1.0000    0.3063   -0.3063
         0    0.0000    0.3258    0.3258

%
% (c) Find the gain K to place all the poles at s=-1.5:
%
K2 = acker(A2,B2,[-1.5,-1.5,-1.5,-1.5])

K2 =

   54.2052   52.0548   -1.3648   -3.6394

%
% Check the results:
%
eig(A2-B2*K2)

ans =

  -1.5003          
  -1.5000 + 0.0003i
  -1.5000 - 0.0003i
  -1.4997          

%
% (d) Find the homogenous response. There are a number of ways 
to do this
% in Matlab. The easiest is that the homogenous response to an 
initial
% condition x0 is the same as the impulse response for the 
system (A2,x0,C).I
% will find and plot just the position variables, x1 and x3:
%
C = [1 0 0 0;0 0 1 0]

C =

     1     0     0     0
     0     0     1     0

D = [0;0]



D =

     0
     0

x0 = [1;0;0;0]

x0 =

     1
     0
     0
     0

sys = ss(A2-B2*K2,x0,C,D)
 
a = 
           x1      x2      x3      x4
   x1       0       1       0       0
   x2  -18.22  -18.58  0.4872   1.299
   x3       0       0       0       1
   x4  -186.8    -180   4.718   12.58
 
 
b = 
       u1
   x1   1
   x2   0
   x3   0
   x4   0
 
 
c = 
       x1  x2  x3  x4
   y1   1   0   0   0
   y2   0   0   1   0
 
 
d = 
       u1
   y1   0
   y2   0
 
Continuous-time model.



[y,t] = impulse(sys);
figure(2)
plot(t,y)
legend('\theta_1','\theta_2')
xlabel('Time, {\it t} (sec)')
ylabel('\theta_1, \theta_2')
title('Initial condition response for configuration 2')
print -depsc2 'figure2.eps'
>> 
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