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Open Loop Simulation





Closed Loop Simulation

Uses LQR 
controller





But we don’t understand LQR just yet, 
so we’re attempting PID control



State Space
A =

0         0         0         0         0         0             0    9.8100     0         0         0         0       0
0         0         0         0         0         0        -9.8100     0            0         0         0         0    0
0         0         0         0         0         0             0        0           0         0         0        0         0 
0         0         0         0         0         0             0        0           0         0         0        0         0 
0         0         0         0         0         0             0            0            0         0         0        0         0 
0         0         0         0         0         0             0       0            0         0         0        0         0 
0         0         0    1.0000    0         0             0            0            0         0         0         0   0 
0         0         0         0    1.0000     0             0           0            0         0         0         0   0 
0         0         0         0         0    1.0000         0           0            0         0         0         0   0 

1.0000         0         0         0         0         0         0           0            0         0         0         0   0 
0    1.0000         0         0         0         0         0           0            0         0         0         0   0 
0         0    1.0000         0         0         0         0           0            0         0         0         0   0

B =
0         0         0         0
0         0         0         0

-0.0297    0.0297   -0.0297    0.0297
0    0.5066         0   -0.5066

0.4954         0   -0.4954         0
0.2470    0.2470    0.2470    0.2470

0         0         0         0
0         0         0         0
0         0         0         0
0         0         0         0
0         0         0         0
0         0         0         0

C =

0     0     0     0     0     0     1     0     0     0     0     0
0     0     0     0     0     0     0     1     0     0     0     0
0     0     0     0     0     0     0     0     1     0     0     0
0     0     0     0     0     0     0     0     0     1     0     0
0     0     0     0     0     0     0     0     0     0     1     0
0     0     0     0     0     0     0     0     0     0     0     1

D =

0     0     0     0
0     0     0     0
0     0     0     0
0     0     0     0
0     0     0     0
0     0     0     0



The Luenberger Observer

However… …and Heemstra’s Augmented matrices…
>> R=rank(ctrb(Aaug,Baug))

R =

16

>> rank(Aaug)

ans =

20



A Linear PID Control Approach



Linear System Continued



Where we go from here…
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