EE5B54 Second Midterm Exam 3 May 2018 \Y

First name:

Last name: Sol'n

Student ID:

Signature:

Read before you start:
¢ There are four guestions.

¢ The examination is clesed-book.

No computer/calculator s allowed.

The duration of the examination is 100 minutes.

Besides correctness, the CLARITY of your presentation will also be graded.
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Q1. 30%

For the scalar system & = —z + u starting from the initial condition £(0) = 1 the below cost is
to be minimized.

1
J = a(1)? +f W2t
0

Find z*(1), the final value of the optimal trajectory.
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Q2. 20%

Given to, ty, 2(t), z(ts), the cost
tf
J = / w1 4 u? dt
to

is to be minimized for the scalar system & = u. Assuming the boundary conditions are satisfied,
deterinine whether each of the below candidates could be an optimal trajectory. Hint: H* =7

(a) z*(t) = cost + sint.
(b) z*(t) = et/? 4 e~/2,
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Q3.

30%

Consider the collection of systems

where

1 -1

The cost to be minimized is

.]:/ (y* +u?)dt.
0
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] , Gi=[11], Cp=[1 0],

(a) For whick of the four systems (Cy, A, B1), (Ci, A, Ba), (Ca, A, By), {(Ca, A, Bs) can you ! |
claim that the optimal stabilizing Riccati solution P exists? How about its positive defi- :

niteness?

{b) Solve the optimal control problem for the system (Cy, 4, By). That is, compute the
optimal control and minimum value of the cost. Hint: ¢ =7
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Q4. 20%

Consider the linear system
& = Ar+ Bu

where 4 € R™", B € R™™  and the pair (4, B) is stabilizable. Let the symmetric matrix
P ¢ R™ "™ gatisfy

min f " eTe + uTu) dt = 2(0)7 Px(0)
n |

u()
for all initial conditions z{0) € R™.

{a) Write the Riccati equation satisfied by .

1
{b) Show that the feedback law u = —-EBTP.'J: exponentially stabilizes the system.
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