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Figure 1: Simulink block diagram for LQR control of mass under force input (ee128hw9.mdl)

% EE128 Fall 2008
% Homework 9 Problem 5

system model

[0 1; O O];

[0; 1];:

eye(2);

[0; O];

» Initial condition
x0 = [1; 0O];

OO Wm> =X

S

% Igr parameters

Q = diag([1 11);

R =1;

[K,S,E] = Iar(A,B,Q,R);

% simulate

sim("eel28hw9")

% plot results

figure

subplot(2,1,1),plot(t,x)

legend("x_1 = position”,"x 2 = velocity")
title(sprintf("State Response of mass for g 1 = %d, q 2 = %d, R =
%d®,Q(1,1),0(2,2),R));

xlabel ("time™)

subplot(2,1,2),plot(t,u)

legend("u = force"®)

title("Control effort®)

xlabel ("time")

Figure 2: MATLAB m-file used to generate plots. Values for Q and R were manually changed.
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Figure 3: Results of LQR control for Q = [1 0; 0 1] and R = 1 (“base case”)

This is the base case that we will compare all other graphs against.

State Response of mass for a; = 10, a, = 1,R=1
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X, = position
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Figure 4: Results of LQR control forQ=[100;01]andR=1



As we expect, now that deviations in x; (position) are more costly, the system reacts more
strongly to the initial deviation in position. The base case settled in about 5 seconds whereas this case
settles in about 3 seconds. Also, the control effort has been increased, as evidenced in the vertical scale
of the control effort graph.

State Response of mass forq; =1,q,=10,R=1

l T T T T
X) = position
0.5 x, = \elocity |-
. i
_05 | | | | | | | | |
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time
Control effort
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Figure 5: Results of LQR control for Q=[10;010]andR=1

Now deviations in x, (velocity) are more costly, so the system will avoid making the mass move
very quickly. As expected, this time the mass isn’t even fully settled at the end of the 10 seconds of this
simulation. The control effort is reduced because force/acceleration will directly integrate into the mass
velocity. Notice, however, that the control still initially starts at -1.



State Response of mass for aq, = 1, a, = 1,R=10
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Figure 6: Results of LQR control for Q =[10;01]and R=10

Now the control effort is costly, so the system will avoid using control. This is evidenced by the
fact the system never used more than about 0.3 units of force. This results in a slow-reacting system
that doesn’t quite settle by 10 seconds, either.
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