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The computation of optimal trajectories for power pro-
duction of Airborne Wind Energy Systems (AWES) is an
active research field, where different optimization prob-
lems often lead to different trajectories [1]. Optimal tra-
jectoriesareevaluatedofflineorduringoperationand the
computed paths are typically used as guidance inputs to
the control system. Optimization problems can be char-
acterized by low-fidelity models, where strong assump-
tions are taken, or higher fidelity, which can better de-
scribe the physics. Low-fidelity dynamic models are suit-
able for trajectory optimization problems since they al-
lowtoobtain insightful physical understandingof the sys-
tems. The presentwork introduces an optimization prob-
lem for flight paths of Fly-GenAWESwhich is basedon the
model in [2], adapted for Fly-Gen AWES.

The dynamics of the system is stated in the frequency
domain through a harmonic balance formulation due to
its inherent periodic character. This allows to reduce the
problem size by solving only for the main harmonics. In-
deed, the time evolution of trajectory is described by the
Fourier coefficients of elevation andazimuth (Xβ andXφ),
which are included as optimization variables in the opti-
mization problem. Moreover, the Fourier coefficients of
the time evolution of the on-board wind turbines thrust
and of the AWES roll angle, which are the two control in-
puts, (Uγ and Uψ ) are included as optimization variables
as well. The optimizer then maximizes the mean power
production (P̂) while respecting the dynamics, which is
treated as a set of nonlinear equality constraints thanks
to the frequency-domain formulation (R(ω)). Additional

nonlinear constraints (e.g. minimum elevation angle) are
expressed in frequency and included in the optimization.

To conclude, the present work aims at giving a detailed
physical understanding of optimal paths, by highlight-
ing their characteristics. Optimal trajectories will be ana-
lyzed as function of non-dimensional parameters to gen-
eralize results.

dv =













Xβ

Xφ

Uψ

Uγ

ω













• Compute power P(t) and mean power P̂

• Evaluate the residual of the eq. of motion R(t)

• Evaluate additional constrains c∗eq(t) and c
∗(t)

obj = −P̂ • ceq = [R(ω); c∗eq(ω)]

• c = c
∗(ω)

Optimizer

to time

to frequency

Optimization framework for the optimal flight path evaluations.

References:

[1] Vermillion C., Cobb M., Fagiano L., Leuthold R., Diehl M., Smith
R.S., Wood T.A., Rapp S., Schmehl R., Olinger D. and Demetriou M.:
Electricity in the air: Insights from twodecades of advanced control
research and experimental flight testing of airborne wind energy
systems. Annual Reviews in Control, 52:330ś357, 2021.

[2] Fernandes, M.C., Paiva, L.T. and Fontes, F.A.: Optimal Path and
Path-FollowingControl in AirborneWindEnergySystems. Advances
in EvolutionaryandDeterministicMethods forDesign, Optimization
and Control in Engineering and Sciences (pp. 409-421). Springer,
Cham, 2021.

138

mailto:filippo.trevisi@polimi.it
https://www.aero.polimi.it/

