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2 Deadbeat Control

Consider the system
[t +1] = AT[t] + Bu[t] = l_ll ‘11] 5[] + m ult].

a) Is this system controllable?
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b) For which initial states ¥[0] is there a control that will bring the state to zero in a single
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¢) For which initial states ¥[0] is there a control that will bring the state to zero in two
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d) Now let ¥[0] = [{l)] be the initial state. Give a set of control inputs ©[0] and u[1] to

bring to system to V= I?l in two time steps.
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Optlmal Control
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Undetermined Case
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2 Minimum Energy Warmup

Consider an undetermined system of equations given by

y = A%

where A € R"™*" is a wide matrix, thatis m < n. We assume that A has linearly independent
rows.

a) What is the rank of A?
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b) In lecture, we saw that the minimum norm solution for ¥ is given by
Y=V Uly=VE2 AU

where the definition of V. and £; come from the block matrix form of the SVD. That is,
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Argue that ¥ is invertible. What are the matrix elements £, and £7'?
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c) Use the SVD of A to show that the expression for the minimum-norm solution from
equation 3 can also be written as

¥=AT(AAT) 1§

HINT: (ABC)™' = C™'B'A~! for invertible matrices A, B, C.
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3 Minimum Energy Control

Consider the system

. o1]. 0
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+ 1
X(5) = IUJ

a) Find the input sequence u(0), u(1), u(2), u(3), u(4) that achieves this with the least
possible “energy,” as defined by

Our goal is to reach the target state

starting at X(0) = 0.

E=u(0) +u(1)® +u(2)? + u(3)* + u(4)>.

Find the value of E for the sequence you computed.
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b) Even if the wheel and the motor driving it conform perfectly to the model, our inputs
still limit the range of velocities. Given that 0 < u[k] < 255, determine the maximum
and minimum velocities possible for the wheel. How can you slow the car down?
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