OWeN Juspnis

-dl uspnis

ZHEEFEE R NP E

(o] =T

S IR VR DMV R 2R DI 50 A Bt
2016 £ F IR E RIS

HIT Shenzhen Graduate School Examination Paper

Course Name:__ B i & = 41 Lecturer:__ 4 &
Question One Two Three Four Five Six Seven Eight Nine Ten Total
Mark

. (20 points) Answer the following questions:

(a) What are the definitions of indirect and direct adaptive control?

(b) What are the four methods for robust adaptive control mentioned in our
class?

2. (20 points) Consider the first-order plant

&= —ax + blu + 0191 ()] — Oa¢p2(x),

where a, D, €, and 65 are unknown constants with b > 0, while ¢;(x) and
¢o(x) are Lipschitz-continuous in z.

Design u, such that all signals in the closed-loop system are bounded and x
tracks the state x,.. of the following reference model given by

ir'elf = Oyeflyef + brefuc(t):

where a5 < (0 and b,y are known, u.(t) is the input command which is
bounded and piecewise continuous.

. (30 points) Consider a linear system with nonlinear matched uncertainties in

the form
i = Az + BA[u+ 0T®(x)] + =(1),

where x € R"”" is the state, u € R"™ is the control input, 4 € R™"*",
B € Rrxm Amxm_ @ ¢ RN*M gre constant matrices, and e(t) € R™
is the disturbance. Assume that the pair (A, BA) is controllable. ®(x) =
(¢1(x),...on(x))T € RN denotes the known regressor vector, whose com-
ponents ¢; () are assumed to be Lipschitz-continuous in .

(a) Assume that £(¢) = 0, B is known, while A and A are unknown. In
addition, it is assumed that A is diagonal with m nonzero diagonal
elements Ay, Ao, ..., Ay, and the signs of all A; are known. Design
and analyze a directed MRAC scheme that can stabilize the system and
regulate x towards zero.

(b) Assume that |=(t)|| < g7, ¥t > 0, where ¢y > 0, and A, B, A are all

known, while A is a positive diagonal matrix. Design a o-modification
robust control algorithm that can stabilize the system and regulate x
towards the neighborhood of zero.

(Hint: For positive definite matrixes P and I', we have
Amin (P! z < 2T Pz < Apax( Pz’ x,
a! Pe(t) < Amax(P)||2]|||2(2)||
1 =T Sr=-1aT
— (607 < S R —
Amux{r}lr{eo J=uw(el 'e") <
2r(007) < (007 + tr(067).

where Apin(-) and Ayin(-) denote, respectively, the minimum and max-
imum eigenvalues of a positive definite matrix. )

4. (30 points) We denote by ||| the absolute value of « if « is a scalar and the
Euclidean norm of x if x 1s a vector. For functions of time, the L, norm is

given by

1

Jall, = ( /U N ||:r{fr}||f*dr) 3

for p € [1, oc), while

[0 = sup l(8)]|
t2=0)

We say that r € L, when ||z|, < cc.

(a)

(b)

Write down Barbalat’s lemma and use it to prove the following corol-
lary.

Corollary 0.1 Ifx € Lo [ Lo and & € Lo, then limy_ o () = (.
Consider the following first-order system
&= u+ di(t) + da(t)x + ds(t)2?,

where d; (1), d2(t), and d3(1) are time-varying continuous functions
satisfying

IP:?{‘T{{H{II [”H ”EEE(””- |d3“-} |} < dmax,

for some unknown positive constant dy,.x. Design a control algorithm
combing the adaptive and shiding control to stabilize the system and
regulate x towards to zero. (Use the corollary in (a) to prove the result.)
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