Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering)

Cite this as: Wen-yang Duan, Li-min Huang, Yang Han, De-tai Huang, 2016. A hybrid EMD-AR
model for the nonlinear and non-stationary wave forecast. Journal of Zhejiang University-SCIENCE
A (Applied Physics & Engineering), 17(2):115-129. htip://dx.doi.org/10.1631/jzus.A1500164

A hybrid EMD-AR model for the
nonlinear and non-stationary wave
forecast

Keywords: wave forecast
Nonlinear and non-stationary
Autoregressive (AR) model

Empirical mode decomposition (EMD)
EMD-AR model

Zhejiang University, China


http://dx.doi.org/10.1631/jzus.A1500164

Short-term forecast of ocean waves

Engineering Applications

» Operation-related oceanic activities
» Offshore structure surviving condition monitoring

(e.g. Jain and Deo, 2007)

» Wave energy converter (e.g. Guang et al, 2012)
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Approaches for short-term wave forecast

Energy balance equations base ! Requiring exact formulations, high|

computational cost, unavailability

v

numerical wave models (e.g.
of boundary conditions, etc.

KHasselmann etal., 1988;)

Approaches for Classical time series prediction

! Unavailable for non-stationary
short-term »| models (e.g. Guedes Soares and
wave forecast LCunha, 2000)

)

Intelligent-technique-based

Requiring substantial samples,

nonlinear models (e.g.

. high computational cost, etc.
Taormina and Chau, 2015) :
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Non-stationarity in ship motions

\O
1
S

Expected value
E() (m)

Significant wave height (m)
W N
1 T
N

Covariance function
R(10) (M) o

0 1000 2000 3000 4000 5000
Time(h) 00 ' ' L
0 200 400Time(h)600 800 1000
Fig.1 Measured significant wave height records . .
by buoy No. 41053 that is located at the coast of Fig.2 Expected value and covariance
San Juan, Puerto Rico (18° 28'27" N, 66° 5'57" W) functlon.s of the me_asu.red significant
wave height records in Fig. 5.

and maintained by the National Data Buoy Center.

Notable time varying expected value functions and covariance functions

demonstrates the presence of non-stationarity in significant wave height data.
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The proposed EMD-AR model

Fig.3 Flowchart of the hybrid EMD-AR prediction model
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Results: time history comparison
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Fig.4 6-h forecast of significant wave by the AR and EMD-AR models. The wave
height time history was measured by buoy No. 41053 located at the coast of
San Juan, Puerto Rico (18° 28'27" N, 66° 5'57" W)
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Results : scatter diagram comparison

7 - T ' ' ' ' ' '
% Scatters by the AR model
== --- Predicted-fit:slope=0.702
6 —— Ideal-fit:slope=1.0
= |81=0.2405 ’
8 50 x )
E X ><>< X >S; . -
] | % X x =% X x &7
§ 4 5 >><< . X g " x ®7
>><< 2% ¥ ><>§<><
- R X
8 3 . X W; % X
5 3L X [ e 56X P
% X % p % ix;x%« X z& ) ‘4
E s X EXX {%{X% XX XXX % y
2 B X § ><><>< % X
X R XX
R : ' : ' ' I
I 2 3 4 >
Measured wave heights (m)

Fig. 5 Scatter diagrams of observations and 6-h predictions as shown in Fig. 4
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Results : error measures comparison
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Fig.6 Prediction error measures of the AR and EMD-AR models in various lead times.
Where the wave height time history measured by buoy No. 41053 was used.
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Conclusions

» The nonlinearity leads to spatial offsets in the
predicted results while the non-stationarity results In
obvious shifts between in predicted and measured

wave heights.

»The EMD technique is effective in handling
nonlinear and non-stationarity ocean wave whereas

the conventional AR model suffers difficulty.

» Comparative analysis of the AR and EMD-AR
models highlights the superiority of the proposed
method providing forecasts.
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