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Parameter Estimation

This work presents a robust approach for designing cyber-physical experiments for estimating the The first step in the experimental design is to estimate the low frequency added mass and
hydrodynamic properties of a floating structure. The work is an extension of the work presented by damping parameters from a set of experiments i = {1, ..., N} with identical wave elevation
Sauder (2021). Without loss of generality, the motions of the system are assumed to be decoupled profiles but different sets of mooring stiffness and damping values (k,,,, d,,,):

resulting in a set of scalar linear equations that take the following form:
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(m T a)n (t) T (dh T dm)n (t) T km’? (t) fw(t) (1) The key idea behind this approach is the invariance of the wave excitation f,,(t) between
where, experiments. Whereas the quantities aij and d;n are response-dependent and will vary
m, a@ — mass (structural + hydrodynamic) between experiments. This means that for the correct value of a and d,, the low-frequency
d,,, d,, — damping (mooring + hydrodynamic) force time-history ff}(t) will be identical between experiments. Hence, the added mass
k., — stiffness (mooring) and damping can be found by minimizing a cost function proportional to the variance of the
1 — structural response force time-history:

f. — low frequency hydrodynamic force

The problem is schematically illustrated in the figure below. r
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Experimental Design

The accuracy of the method described in the block above depends, to a large extent, on the shape of the An illustrative depiction of the optimization process of the cost function Q(a,d;; k,,,, d,,) is
cost function defined in (3). To facilitate faster and more accurate convergence to the global minimum, we shown next. The optimized surface exhibits a well-defined minimum which facilitates fast
would like to design an optimal cost function, Q(a, dy; k,,, d,,,). We start with the Fisher information matrix and accurate convergence.

which is defined as the hessian of the logarithm of the cost function (3) with respect to the unknown - :
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Note that in (5), for clarity, the dependence on the parameters is omitted. Since the true parameters @, d;,
are unknown, we resort to optimizing the expected value of (5). This is achieved using a Monte Carlo
approach sampled from a uniform distribution of a, d;, with a predefined range somewhere within which
the true parameters lie. Lastly, we seek D-optimality which maximizes the expected value of the

determinant of the Fisher information matrix: The experimental design procedure was used for determining an optimal experimental

T 3 . _ _ setup in the CYBERLAB campaign. The procedure indicated that the following mooring
km’ dm — dI'g kIEg}n IE[ log(det{(ﬂ (a* dh* km’ dm)) })] (6) parameters are optimal and would lead to most informative data:

k,, = [16, 90] KN/m
where the hat symbol denotes the set of parameters that produce an optimal cost function. Em — [0, 0] kNs/m

Experimental Results

The proposed procedure was validated with experimental data from  The reconstructed force signal is then used for time-integrating the response of a new 0‘{ ‘:13,..., (T}j

7/ experiments leading to 21 possible design pairs. The possible experiment (not used in the estimation). The results are compared below: Exp (1) | Exp (2) (kN/m)
pairs are shown in the table on the right with [1, 3] being the optimal NRMSE:2.73%
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easily computed from (1). 0 | | | ' : :
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