Variational Reconstruction of wind velocity fields
from LiDAR Measurements
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Abstract: We present and compare different approaches for wind velocity field approzimation from
a finite set of data.

Approach 1 Our goal is to reconstruct wind velocity fields and loads from LiDAR measurements through
an optimisation problem phrased in terms of functional Je ~ :
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where w = (w1, -+ ,wy)T € RN is the set of measurements and |- |2 rs is the semi-norm on H*(2,R3),

and p is the observation operator defined as p : H*>(Q,R3) — RV,
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In this first approach, we impose that the reconstructed wind field is divergence free and sufficiently
reqular. We give variational formulation, discretization and numerical examples on real datasets.
Approach 2 We address the following minimization problem:

Search for w = u. € K such that Vv € K, J.(u.) < Je(v), with J-(v) = 3||p(v) — ul™||? + £|v[%.,

where ul™¢ represents the LiDAR dataset, and K a convex set. By introducing the Lagrangian associated
with J, L(u, \), the constrained minimization problem above thus amounts to finding a saddle point of
L. Since p is a linear operator and since we have a quadratic cost functional, the problem reduces to
solving the equation VL(u,\) = 0, which in this case is nothing but a linear system. We give numerical
examples. In this second approach, we impose weaker reqularity conditions on the reconstructed wind

field.

Approach 3 Navier Stokes equations are solved using the YALES2 solver' under low-Mach number and
constant density approxvimation. Let u(t/,x%) be observations data and u (p, g) the solution w from (NS)
at observation points (in space and time) and J be the functional cost, given the boundary condition g:
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Our goal is to find g* such that g* = arg min J(u,p;g), where g* is computed and updated until conver-

g
gence using an optimisation process, based on Gauss-Newton approrimation. In this last approach, we
impose impose the wind field to be solution of the NS equations. Mathematical modelling and numerical
simulations are given.
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