Adaptive Control - Exercise Session 6
Backstepping and Passivity

a. Show that the system

= —x+u, x(0)=xp, (1)

= x (2)
with transfer function

Gi(5) = ) 3)

fulfills the passivity property

V(x(t))=V(x(0))—|—/0 yT(r)u(r)dt—/O T (D)x(1)dr (4)

What is the interpretation of the three terms on the right-hand side of Eq.
(4)?

b. Show that the transfer function

Gas) = g ®)
is not positive real.
2. Consider the second order system:
X1 = —x9 + Bxf

X9 = U
a. Assume that the parameter 8 is known. Design a controller that stabilizes
the system using the backstepping method.

b. Assume that the parameter 8 is unknown, and may be time-varying. Design
a controller and a parameter adjustment mechanism such that the resulting
system is stable. Use the adaptive backstepping design method.
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