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Under extreme met-ocean environmental loads, floating platforms may exhibit complex dynamic states. This paper pro-
vides a novel method to predict the extreme motions of a floating platform based on a deep learning algorithm that can
provide some guidance for platform operators. The distribution disciplinarians of ocean environmental loads were analyzed
by the fractal theory and statistical analysis methods. The extreme values of six-degree-of-freedom (6 DoF) motions were
selected as the characteristic parameters of the output layer. A long-short-term memory network (LSTM) deep learning
network was established between the ocean environmental loads and the extreme values of the 6 DoF response. The pre-
dicted results indicate that the present LSTM neural network method could provide higher accuracy, with root mean square
errors of 0.0724 and 0.0326 for rolling and pitching values, respectively. Furthermore, the relationship between the ocean
environmental loading characteristic parameters and the early-warning index of 6 DoF platform motions was established by
using the convolutional neural deep learning network (CNN). The present prediction method based on CNN was accurate,
which can provide guidance for platform operations and early warnings in daily operations.

INTRODUCTION

Under extreme met-ocean environmental loads, floating plat-
forms may exhibit complex dynamic states, including strong non-
linear and nonstationary characteristics (Qu et al., 2013). For this
reason, it is of practical significance to analyze and predict the
motions and dynamic responses of semisubmersible platforms and
to provide accurate early warning evaluations (Du et al., 2016).

To date, many researchers have focused on the environmental
loads from ocean waves and wind and the dynamic responses of
marine structures. Physical-based methods that take into account
meteorological parameters and physical laws have been widely
applied to wave and wind forecasting problems. For example, it
has been generally assumed that the generation of waves can be
described as a function of meteorological parameters such as the
fetch length and wind speed (Kazeminezhad et al., 2005). The
most popular of such models are the Sverdruv Munk Bretschnei-
der, or SMB (Bretschneider, 1970), Wilson (1965), Joint North
Sea Wave Project, or JONSWAP (Hasselmann et al., 1973), and
Donelan (1980) models. Although those empirically based models
are fast and accurate, they can only be applied to a limited num-
ber of scenarios (Bishop, 1983; Kamranzad et al., 2011). How-
ever, in the last two decades, numerical models (e.g., Deo et al.,
2001) have been employed to forecast wave and wind character-
istics, which have been made possible by rapid developments in
computing technology. M Wu et al. (2019) studied predictions of
short-term wind and wave conditions for marine operations using
a multi-step-ahead decomposition-ANFIS model, which accounts
for the uncertainty brought about by the prediction horizon. These
methods have proven useful in predicting environmental condi-
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tions for marine operations. Takbash et al. (2019) used an extreme
value analysis method, with long-term satellite records (30 years)
of global wind speeds and significant wave heights as input, to
obtain extreme values of global wind speeds and wave heights, set
to analyze the peaks that exceeded thresholds. In the process, the
authors proved that the extreme value analysis method is limited
to the initial distributions and averaged conditions.

On the other hand, the development of the research in the
field of semisubmersible platform dynamics is explored. Ng et al.
(2011) based their study of the motions of semisubmersible plat-
forms on the potential flow theory and Morrison equations by
using numerical and experimental analysis, mainly focusing on
the response amplitude operators for surge, heave, and pitch. Yil-
maz et al. (1996) applied time-domain and frequency-domain
analysis methods to study the dynamic responses of semisub-
mersible platforms. Based on the three-dimensional potential flow
theory, Pan (2008) used a combination of numerical calculations
and model tests to analyze the motion characteristics of a semisub-
mersible platform in the South China Sea, which had high value
in the performance of early designs. Feng et al. (2010) used time-
domain analysis methods to study the dynamic response character-
istics of semisubmersible platforms under irregular waves. How-
ever, there are relatively few studies on the prediction of responses
of semisubmersible platforms and early-warning analysis under
serious sea conditions.

This paper used deep learning methods to predict the extreme
motions of a semisubmersible platform. The distributions of ocean
loads were analyzed by the fractal theory and statistical analysis
methods. The parameters for distribution fitting were selected as
the characteristic parameters of the input layer. Then, the motions
of the platform with six degree-of-freedom (6 DoF) were divided
by the same time interval of 10 min to correspond to the ocean
environmental load data. The most extreme value of the 6 DoF
response was selected as the characteristic parameters of the out-
put layer. A long short-term memory (LSTM) deep learning net-
work was established between the ocean environmental load char-
acteristic parameters and the extreme value of the 6 DoF platform.
Finally, the extreme value predictions of the floating platform
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