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Nonlinear Aerodynamics
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Backstepping

_x1 = f1(x1; x2)

_x2 = f2(x1; x2; x3)

_x3 = f3(x1; x2; x3; u)
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_
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)

_� = q
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(M(�; q; Æ) + FTZTP)
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_x1 = �(x2 - x1)

_x2 = x3

_x3 = u
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1.

V1 =

1
2
x
2

1

_V1 = x1�(x2 - x1) < 0 for x
des

2 = -k1x1

2.

V2 = c1V1+ F(x1) +

1
2
(x2 - x
des

2 )
2

_V2 < 0 for x
des

3 = -k2(x2 - x
des

2 )
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3.

V3 = c2V2+

1
2
(x3 - x
des

3 )
2

_V3 < 0

if we select

u = -k3(x3 - x
des

3 ) = -k3(x3 + k2(x2 + k1x1))

This linear control law globally stabilizes the nonlinear system.
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Closing the Loop
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Design parameters: k1 > -1; k3 > k2 > 0
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Key Properties of the Control Law

� Linear in the moment

� Requires little knowledge of the lift

� Globally stabilizing

� Gain margin
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Current Research

� Angle of attack and sideslip control

� Adaptivity to aerodynamic errors


