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Problem

m Consider a nonlinear system

%, =1, (X)
= f(x)+Bglxu)  eg. Tk =H()
%5 = F,(x) + g(x,u)

m Stabilizing control law:

o(x,u)=k(x) © %v(x) - _W(x)



Problem

m Uncertain input mapping:

olx,u) = §lx,u) + glx,v)
AN AN Y

known unknown

How can we adjust our
? control strategy to
compensate for g ¢




Aircraft

® Dynamics:

- G=q+—(-L{a)*mg)

]
q-= J_(M(al q, 6) t FTA)
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Levitating ball

® Dynamics:

Xy — Xy

. F
XQ_Q_E

B Magnetic force:

F =k (U'l'Uo)2

(X1 T Xo)2



Strategy

m Split the model error:

§(x,u) = :Q'(r,ur) + E(x,u) =0

v v
constant,0 vanishes

m Resulting model:
i = f(x) + Bw + 0)
w = §(x,u)



Control design

x = f(x)+B(w + 6)
w = Q(x,u)

m [deal control law: w =k(x)-©

m Cerfainty equivalence: w =k(x)-8

? | How can we estimate 62 I




Adaptive backstepping

m Expand the Lyapunov function.

~ N

V. [, 8)= Vix)+ 1%, B=0-8

a

m Demand V, = -W(x)+ ﬁ\/XB - y']é@ = -W(x)

m Choose 6=\W_B

m Control law:  w =k(x)+ yIVXBd’r



Nonlinear observer

B Extend the system dynamics:
f(x)+B(w +0)

E@ 0

o Observer'




Levitating ball

m Dynamics: %?(] %2
X, =w+0
2
where w=g- K E(U+U°)2
m (X1+Xo)



Estimator alternatives

m Adaptive backstepping
0 = IV1 (=) + ypx,dt

B Nonlinear observer

0= z {sx, —w)

s’ +ks+k,




Experimental results

Adaptation in action
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Attaching a second ball

Adding an extra ball
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