
2.153 Adaptive Control
2019 Problem Set #2

Out: Friday Sep 20
Due: Sep 30 5pm, 3-348

Problems listed are: Chapter 3: 8, 9, 10; Chapter 2: Problems 2, 3, 6; and an
additional problem 7.

Problem 1: (3-8)

pg. 137 Assuming that a reference model described by the differential equation ẍm + 1.4ẋm +
xm = r can be constructed, show how k(t) in Problem 6(d) in Chapter 1 can be adjusted so that
limt→∞[xp(t)− xm(t)] = 0.

Problem 2: (3-9)

pg. 137 In the system shown in Fig. 1, determine rules for adjusting the parameters k1 and k2
so that the output error e1 tends to zero.

Figure 1: Adaptive control using state feedback.

Problem 3: (3-10)

pg. 138 Let the plant and model transfer functions be given by kp/(s − ap) and km/(s − am)
respectively, where km > 0, am < 0 and kp and ap are unknown. In addition, kp ≥ kp > 0, where
kp is known. Let an indirect approach as described in Section 3.3.3 [case (ii)] be used to control
the plant where, instead of Eq. (3.36) and Eq. (3.43), the following controller and adaptive law
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are used:

u =
am − âp
k̂p + f(k̂p)

xp +
km

k̂p + f(k̂p)
r

˙̂
kp = eiu+ f(k̂p)

f(k̂p) =

{
kp − k̂p if k̂p < kp
0 if k̂p ≥ kp

Show that the origin of the resultant error equations is globally stable.

Problem 4: (2-2)

pg. 94 Discuss the asymptotic behavior of the solutions of the system described by

ẋ1 = −x2 − ε
[
1− x21 − x22

]
x1

ẋ2 = x1 − ε
[
1− x21 − x22

]
x2

where ε > 0, for various initial conditions.

Problem 5: (2-3)

pg. 94 Is the matrix

A =

[
1 2
−11 −16

]
stable? Is it asymptotically stable? Show this by solving the Lyapunov equation A>P +PA = −I.

Problem 6: (2-6)

pg. 95 The second-order differential equation

ẋ1 = x2

ẋ2 = −kx1 − αx2

where α and k are constants, is asymptotically stable for all α > 0 and k > 0. Determine a
Lyapunov function V = x>Px, (x = [x1, x2]

>) that assures the asymptotic stability of the system
when α = 1 for the maximum range 0 < k < k1.

Problem 7: States Accessible Adaptive Control

Suppose the plant to be controlled is given by

Ẋp = ApXp +Bpu

where (Ap, Bp) is controllable, Ap ∈ Rn×n, Bp ∈ Rn×m. Suppose that Bp = BΛ where B is known,
Λ ∈ Rm×m is an unknown diagonal matrix, where sign(λi) is known, where i = 1, . . . ,m. The
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control input and update laws are given by

u = ΘA(t)Xp + ΘB(t)r

Θ̇A = −Γsign(Λ)B>PeX>p

Θ̇B = −Γsign(Λ)B>Per>

Show that Xp is bounded, and limt→∞ e(t) = 0.
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