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Aircraft aﬂ(.i N—-1 T T T
e el minimize  E[ g (xx Qxk + uy Ruk) + xp Quxn]
Numerical
Results k=0 — — —
Conclusions SubjeCt to Xk+1 = Aka + Bduk + EdT]k
xx € X
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m Hard polytopic state and control constraints relaxed to
individual chance constraints
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m In compact form
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m Optimal control problem with probabilistic constraints

Numerical
Results minimize E[xTQx + uTRu]

Conclusions

subject to Plx € X]>1—a
Puel]>1-3
m Adjust «, B for trade-off between conservatism and
performance.

m Intractable with non-convex probabilistic constraints
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m Assume full state feedback, reconstruct past noise
from state and control input

m Affine disturbance feedback policy

k—1

ue =Y Giimk + sk
i=0

m Compact form
u=Gn+s

m Suboptimal but tractable; Origin is ISS w.r.t
disturbance input under mild assumptions (Goulart &
Kerrigan, 2008)
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gum‘eera\ Cb_l(]_ — a,-) HFIX:'G + EH2 < pi— /:IX,.(AXO + BS)
Conclusions (D_l(]. - BJ) HI:IUJGH2 S I_[ - I:Iujs

m Constraint set
B X = {Hx < p} with H, = diag(Hx, ...Hx)

m U= {H,u <1} with H, = diag(H,, ...H,)
ml= [/T, ey /T]T, p= [pT, ...,pT]T
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m where
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Aircraft motion

m Aerodynamic coefficients based on the F/A-18 High
angle of attack (HARV) model.

m Landing configuration with nominal speed 134 knots
and sea level altitude
m Aerodynamic model
m Leading and trailing edge flaps completely down to
17.6 degrees and 45 degrees
m Both left and right ailerons down to 42 deg

m Longitudinal aerodynamics actuator dependency only
on elevator deflection
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Stochastic m Assuming steady-state descent flight
e Ugrim = 223.1 ft/s

formulation

Aircraft and B Wirim = 284 ft/s
gust modeling B Qtrim = O deg/s
Numerical ™ Htrim — 372 deg
Results
Conclusions m Corresponds to a trim AOA of 7.26 deg and —3.5 deg
glideslope
m Trimmed controls
m ). = 11.36 deg
| 57' =0.29
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Gust modeling

m Only continuous gusts studied

m Spatially varying stochastic processes with Gaussian
distribution

m Dryden form given as
oby 1
Y14 (Lu2)?

2
2 Lw 1+3(LuQ)?

¢, (R)=0

by, (Q) = 02— -T2 W)
g Yo (14 (LwS2)?)
Q2
Py Q) = md’wg ()
™
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Gust modeling

For low altitude (~ 200 ft)

h
L, =100 ft Ly= *
(0.177 + 0.000823h)1-2
g
w=0.1W. ft u = = ft
o 0.1Wy ft/s o (0.177 + 0.000823h)0-4 /s

Spectral factorization — transfer function — linear
filter driven by white noise

éw = Awgw + EW"]
d= Cwéw
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Stochastic = Significance of rotary gust qg if 16L Cmnyg > Cim,
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UL m Augmenting linearized aircraft model with wind
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dynamics

Numerical
Results

Conclusions

x = [g}—Ax—FBu—FEn

m Discretized version

Xk11 = Agxk + Baug + Eqni, k € Np
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Simulation results

m Perturbed flight with initial state

x=[15 -10 0 01]".

Prediction horizon N, = 10 s, Total time 20 s.
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Builfie m Comparison with certainty equivalent MPC
Motivation 15 T T
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m Cost comparison
Method \ Cost ‘

AD-SMPC | 3.23 x 10°
CE-MPC | 3.47 x 10°
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Conclusions and Future Work

Summary
m Stochastic MPC for aircraft glideslope recovery in gust

m Chance constrained affine-disturbance feedback MPC
formulation

m Tractable, cost efficient solution compared to certainty
equivalent MPC

Future directions
m Incomplete state information and measurement noise

m Inclusion of carrier burble components
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