EE555 Second Midterm Exam

17 Dec 2025
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Student ID:

Signature:

Read before you start:

e There are four questions.

e The examination is closed-book.

e No computer/calculator is allowed.

e The duration of the examination is 100 minutes.

Q1

Q2

Q3

Q4

Total

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



Q1.

Consider the following second-order system

£ = af+ 31739
To = u

where u is the control input. Using backstepping, design a state feedback law ¢ : R? — R

such that the origin of the closed-loop system (obtained by letting u = ¢(z1, z2)) is globally
asymptotically stable.
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Q2.

Let V1, V5 : R®™ — R be continuously differentiable, positive definite, and radially unbounded;
and let f1, fo : R®™ x R® — R™ be continuous. Suppose there exist aj, aa > 0 such that the

inequalities

(VVi(z1), fi(z1, u1))
(VVa(z2), fa(z2, us2))

hold for all z1, za, u1, ug € R™.
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(19) (a) Show that the system z; = f1(z1, u1) is ISS.
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(1) (b) Show that the cascade system {
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Q3.

(7 (a) Is the below system L stable? Explain.

T =
Ty =
T3 =

y:

(b) Consider the following system.

T =

y —

(6)
©)
(6) iii) Is this system ISS? Explain.
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ii) Is this system Lo stable? Explain.

Hint: Use V(z) = %mT:c.

T1 — T2y + ZToU
I3y — T3U
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i) Show that this system is strictly passive. What is the storage function?

ii) NES. Mole dped ..L&.LT Ly g W A WALl
E
W Lo wnio 1@
L 2 4 e o >0.
Iyl & « lolly P

=) ke 5}5 [ %‘ﬁi{”’ewgé’{% @i@ Jiobsle |

q’ﬁ) MO, To See Awot  Soppedt otner Wise . Tlen

%0l Sutn Pt

we - hnd  pevr &

heladty £ B {Ux() 1

olTEk

-  xio)
_xlo)

olt) = {0
a2t

Now, le ) 23Y () ad

A X =0 =) cy = 210) = 3¥Y - e

=y 3T0) £ B 3r0) 4 ) 4 g0) )

TVWen

(1) = 1Y) & 27(1) =) woatrodictten . A

)Jf> Py (sJP ‘tmtz)&\) (A)

brooje T large @nough  Suth heak ,’2(&&“)J)<‘64\)



Q4.

(a) Consider the following system.
1
)
T3

Y

— 2o
x1 — z9sat(y) + zou
zzsat(y) — z3u

22—

(¥) i) Is this system output strictly passive? Explain.

\¢) ii) Is this system zero-state observable? Explain.

\%} (b) Is the origin of the below system asymptotically stable? Is it GAS? Explain.
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