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F light Control Des ign
Us ing B ackstepping

Ola Härkegård, T orkel Glad
Linköping Univers ity

B ackground

nAvoid tedious gain-scheduling.
nPrevious work: feedback linearization.

Can you des ign a s ingle controller that
will give stability and performance
throughout the entire flight regime?

�

.EW� T ry backstepping!T ry backstepping!
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Controller overview
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Angle of attack dynamics
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Aerodynamic efforts

-40

-20

0
0 20 40

-0.5

0

0.5

α (deg)δ (deg)

C
m

-40

-20

0
0 20 40

-1

0

1

2

α (deg)δ (deg)

C
L



4

Ideas for control des ign

nLinearize the aircraft dynamics  for a set
of flight cases  (gain-scheduling).

nCancel the nonlinear sys tem behaviour
us ing feedback (feedback
linearization).

nRefrain from cancelling “harmless”
nonlinearities  (backstepping).

2-s tage control des ign

nDynamics :

1.Design                .
2.Allocate control surfaces.
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B ackstepping

nF irs t cons ider ( ) qf +α=α&

nVirtual control law:

( ) ( )ref1refdes kfq α−α−α−=

( )αf

αrefα

B ackstepping, contd.

nCreate Lyapunov function

( ) ( )2desref qqFV −+α−α=

nDemand 

0W
dt
dV <−=

and solve for u.
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R esulting control law

nFeedback linearization

nBackstepping

( ) ( )( ) ( )( )α+α′+−α−α−= fqfkku 2ref1

( ) ( )( )ref2ref1 fqkku α+−α−α−=

S tep responses
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S tep responses
deg20ref =α deg60ref =α
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Control law properties

nGlobal s tability.
nDoes not involve dL/dα.
n Inverse optimal ⇒ gain margin.

( ) ( ) ( )( )ref2ref1 fqkk
J

,q,M α+−α−α−=δα
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Full controller
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S imulations
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