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Abstract: We present and compare different approaches for wind velocity field approximation 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 Jε,γ :

Jε,γ :

∣∣∣∣ H2(Ω,R3) → R
v 7→ ε |v|22,Ω,R3 + γ∥div v∥2L2(Ω) + θ⟨ρ(v)− w⟩2N ,

where w = (w1, · · · , wN )T ∈ RN is the set of measurements and | · |2,Ω,R3 is the semi-norm on H2(Ω,R3),
and ρ is the observation operator defined as ρ : H2(Ω,R3) → RN ,

ρ(v) =


∫
Ω
⟨d1, v(x, y, z)⟩3 I(x1 − x, y1 − y, z1 − z) dx dy dz

...∫
Ω
⟨dN , v(x, y, z)⟩3 I(xN − x, yN − y, zN − z) dx dy dz

 .

In this first approach, we impose that the reconstructed wind field is divergence free and sufficiently
regular. We give variational formulation, discretization and numerical examples on real datasets.

Approach 2 We address the following minimization problem:

Search for u = uε ∈ K such that ∀v ∈ K, Jε(uε) ≤ Jε(v), with Jε(v) =
1
2 ||ρ(v)− utrue

r ||2 + ε
2 |v|

2
H1 ,

where utrue
r represents the LiDAR dataset, and K a convex set. By introducing the Lagrangian associated

with J , L(u, λ), the constrained minimization problem above thus amounts to finding a saddle point of
L. Since ρ is a linear operator and since we have a quadratic cost functional, the problem reduces to
solving the equation ∇L(u, λ) = 0, which in this case is nothing but a linear system. We give numerical
examples. In this second approach, we impose weaker regularity conditions on the reconstructed wind
field.

Approach 3 Navier Stokes equations are solved using the YALES2 solver1 under low-Mach number and
constant density approximation. Let u(tj ,xi) be observations data and uij(p, g) the solution u from (NS)
at observation points (in space and time) and J be the functional cost, given the boundary condition g:

J(u, p; g) =

nt∑
j=1

nl∑
i=1

1

2

(
u(tj ,xi)− uij(p, g)

)2
. (0.1)

Our goal is to find g∗ such that g∗ = arg min
g

J(u, p; g), where g∗ is computed and updated until conver-

gence using an optimisation process, based on Gauss-Newton approximation. 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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1https://www.coria-cfd.fr/index.php/YALES2


