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Problem Statement

For moored structures:

Low-frequency Difference Quadratic Estimation
loads are important Transfer Function methods

Empirical/Experimental Potential Theory
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Problem Statement

Goal of the study:

* Learn the functional relationship between the force and
wave elevation profile via machine learning.

 Extract the transfer functions

Nonlinear auto-regressive model with exogenous input (NARX)
+

Harmonic probing (HP)
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Kriging-NARX

. . . . @ Auto-regressive input
* Forecasting, data-driven, time-series model

» What it does: () Exogenous input
fa = ?(fn—lr fn-2, ---rfn—nf: Crr Cn—1s o {n—nZ) = F(xpn) . Prediction
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Kriging-NARX

e How does it work?
e Assumes a Joint Normal Distribution

fn = j:'(fn—lr fn—2, ---rfn—nfr Cnr Cn—1 ---:{n—nf) = F(xp)
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Kriging-NARX

0:length scale
dr:noise parameter
g.:nugget for num. stability

e How does it work?
e Assumes a Joint Normal Distribution

fn 0] [kGpxn) toei  kQXnXp_1) ] k(X Xn2) -
fa-1{ 50| |0 , k(Xn_1, %) | k(Xp_1,Xp1) + 08 k(xn_1,%,_3) +0¢
fn.—z 8 k(xn—2: xn) : k(xn—z;xn—l) + Gez k(xn—Z; xn—z) + Ge?
: : - ! : -

1
k(Xpn, Xn-m) = szexp {<_W l|x, — xn—m”2>}
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Kriging-NARX

e How does it work?
e Assumes Joint Normal Distribution

n 01 |KGnxn)+0i KX xp)
{];}NN (lo]' [ J;((j:n,X)a K(X,X)x+a§1>

E[folF,X] = F(x,|X) = K(x,, X)[K(X, X) + O'ezl]_lF

12



Kriging-NARX

Wave-Elevation Profile

JONSWAP Spectrum 04 .
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Windmoor Predicted Force Time-History
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Harmonic Probing

1.0 1.0 i L
wopeshon DONSNOONARE

fu®) = Hy + H  (Q)eMtn + H,(Q,)e2tn + 2H, (Qy, Qy)e! 1+t + 1, (0, 0,)e! Wi 4+ H,(Q,, Q,)e (22t

NARX

ElfulF,X] = K(x,, X)[K(X, X) + O'ezl]_lF fa(t) = Hy + H1(Q1)€mlt" + ZHz(QLQz)ei(QﬁQZ)tn
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Harmonic Probing

E[fulF, X] = K(x,, X)[K(X, X) + O'ezl]_lF fa(t) = Hy + H1(Q1)€mlt” + 2H2(91yﬂz)€im1+92)t"

V

T . ] . T
fn-1 [Ho + Hy (Qp)e' ™ + Hy(Qy)e 2 + 2H,(Qy, Q,)e!(@1t%2) 4 "']et”"l
xn = (n = elﬂltn + elﬂztn
Cn-1 el1(tn-1) 4 oiQ2(tn-1)

Linearize and solve for Hy, H{, and H,

L1 . 0°F
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Harmonic Probing
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Harmonic Probing
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Harmonic Probing

Example QTF validated for a nonlinear duffing oscillator

C L=l Zky, k2, ks

_ [ IFrom Probing
m . [ ITheoretical

x10M1 Cubic Stiffness
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Future Outlook

e Estimate the low-frequency QTF for the Windmoor floater
* Investigate signals with different sampling rates
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