














hw11p103b

December 2, 2020

Homework 11 Question 10.3b

[1]: A=[.99 .03 -.02 -.32;
.01 .47 4.7 .0;
.02 -.06 .40 .0;
.01 -.04 .72 .99]

[1]: 4×4 Array{Float64,2}:
0.99 0.03 -0.02 -0.32
0.01 0.47 4.7 0.0
0.02 -0.06 0.4 0.0
0.01 -0.04 0.72 0.99

[2]: B=[0.01 0.99; -3.44 1.66;
-0.83 0.44; -0.47 0.25]

[2]: 4×2 Array{Float64,2}:
0.01 0.99

-3.44 1.66
-0.83 0.44
-0.47 0.25

[3]: K=[-.038 .021 .319 -.270;
-.061 -.004 -.12 .007]

[3]: 2×4 Array{Float64,2}:
-0.038 0.021 0.319 -0.27
-0.061 -0.004 -0.12 0.007

[4]: Aclosed=A+B*K

[4]: 4×4 Array{Float64,2}:
0.92923 0.02625 -0.13561 -0.31577
0.03946 0.39112 3.40344 0.94042
0.0247 -0.07919 0.08243 0.22718
0.01261 -0.05087 0.54007 1.11865

Plot the open-loop trajectories for x1 = (1, 0, 0, 0) from t = 1 to t = 100.
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[25]: Xopen=zeros(4,100);

[26]: Xopen[:,1]=[1,0,0,0]
for t=1:99

Xopen[:,t+1]=A*Xopen[:,t]
end

[27]: using Plots

[28]: plot(Xopen',size=[400,300],legend=:bottomright)

[28]:

[9]: Xclosed=zeros(4,100);

[29]: Xclosed[:,1]=[1,0,0,0]
for t=1:99

Xclosed[:,t+1]=Aclosed*Xclosed[:,t]
end

[30]: plot(Xclosed',size=[400,300],legend=:bottomright)

[30]:

2



Note that the trajectories from the open-loop system oscillate up and down while the trajectories
from the closed-loop system do not oscillate. While the oscillations might be exciting, I would
generally prefer to be a passenger in a plane that doesn’t oscillate up and down.

Here is another example starting from a random initial states.

[31]: randstate=rand(4)
Xopen[:,1]=randstate
for t=1:99

Xopen[:,t+1]=A*Xopen[:,t]
end
Xclosed[:,1]=randstate
for t=1:99

Xclosed[:,t+1]=Aclosed*Xclosed[:,t]
end

[32]: plot(Xopen',size=[400,300],legend=:bottomright)

[32]:

3



[33]: plot(Xclosed',size=[400,300],legend=:bottomright)

[33]:

Again the open-loop trajectories oscillate while the closed-loop trajectories do not oscillate.

One more example, for completeness.

[38]: randstate=2*rand(4).-1
Xopen[:,1]=randstate
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for t=1:99
Xopen[:,t+1]=A*Xopen[:,t]

end
Xclosed[:,1]=randstate
for t=1:99

Xclosed[:,t+1]=Aclosed*Xclosed[:,t]
end

[39]: plot(Xopen',size=[400,300],legend=:bottomright)

[39]:

[40]: plot(Xclosed',size=[400,300],legend=:bottomright)

[40]:
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While the red curve oscillates a bit even for the closed-loop system, the amount of oscillations are
less than for the open-loop system. Thus, qualitatively similar results are obtained in each of the
cases.

In particular, as already explained, I would rather be a passenger in with the state feedback control
turned on.
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