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The seakeeping of a ship is estimated precisely at design time. However, computing the performance comprehensively
under all operating conditions is time-consuming. Therefore, it is effective to estimate the performance using numerical
calculations and measurements in actual seas. In this paper, a self-organizing state–space model is realized based on a three-
degrees-of-freedom motion equation. The state variables and parameters of the model can be estimated simultaneously.
The self-organizing state–space model is updated via measurement data in real time to predict the actual phenomena by
applying the ensemble Kalman filter with a Monte Carlo approximation. As a result, the prediction capability of ship motion
improves, and the ship’s added mass and damping coefficients are evaluated directly through the filtering step. This paper
reports on validations of the proposed method using experimental data in tank tests.

INTRODUCTION

In recent years, the analysis of onboard monitoring data has
been attractive to researchers evaluating full-scale ship perfor-
mance in actual seas (Minoura et al., 2019). This tendency
depends largely on the Energy Efficiency Design Index (EEDI)
regulation introduced by the International Maritime Organization
(IMO) to reduce greenhouse gas (GHG) emissions from ships in
operation. It is necessary to use new fuels, such as hydrogen and
ammonia, that do not emit GHG and to develop new systems that
can control the production and consumption of propulsion energy
to achieve zero emissions. However, these operational costs are
high. Therefore, not only hull forms and devices for energy-
saving but also efficient operations with control of ship motion are
required to improve fuel efficiency while ensuring safety. Short-
term predictions of a ship’s responses in actual seas are important
since ocean-going ships often sail in severe sea states. However,
the added mass and damping coefficients of a ship vary, depend-
ing on operating conditions such as loading, and it is difficult to
calculate the performance comprehensively under all conditions.
Therefore, it is significant to establish a method to accurately eval-
uate the seakeeping of a full-scale ship in actual seas by analyz-
ing the measurement data. For example, sequentially understand-
ing the added mass and damping coefficients of a full-scale ship
through measurement data is useful for the support of ship opera-
tion in real time. Also, if all hydrodynamic force coefficients can
be identified by the analysis of measurement data of ship motion
in irregular waves, the time required for conventional towing tank
test can be reduced.

The seakeeping of a ship has been estimated precisely by
linear potential theory (e.g., slender ship theory) as a practi-
cal method (Kashiwagi, 1995). Also, the Rankine panel method
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(RPM) was developed well as a more precise method (Nakos and
Scalavounos, 1991). Currently the RPM is popular, but most stud-
ies have been conducted for the head wave (e.g., Kim and Kim,
2011; Shao and Faltinsen, 2012), and it is still unreliable for low-
frequency waves. Kashiwagi (2020) pointed out that it is time-
consuming if computing for all wave directions and frequencies
needed to predict ship responses to irregular waves. Advanced
computational methods, such as computational fluid dynamics
(CFD), can consider large amplitude motions and nonlinear effects
related to fluid viscosity. However, it may be hard to understand
each component physically, because CFD considers all the possi-
ble physical phenomena. In addition, the calculation cost is higher
than that of RPM. Actually, navigation of a ship by predicting
performance in actual seas needs to predict ship motions in real
time. Therefore, if considering current computational power, the
impulse response function (IRF) method (Fonseca and Soares,
1998) based on the work of Cummins (1962) and using numeri-
cal results in the frequency domain, is effective, compared to the
computationally expensive time-domain three-dimensional panel
method and CFD. However, simulation via any of these has dis-
crepancy with observations in tank tests and actual seas because
of modeling and observation errors. In addition, a ship’s motions
are greatly affected not only by wind and waves but also by sink-
age and trim due to changes in the draft and center of gravity
caused by loading.

One of the approaches to solving this problem is to use mea-
surement data. The combination of digital technology capable of
analyzing big data with mathematical and numerical methods is
expected to improve the accuracy of existing theories and over-
come their limitations (Kim et al., 2021). It is practical to obtain
some performances under simple conditions by numerical calcula-
tion and estimate the performances in actual seas by analyzing the
measured time-series data. However, such a unified method has
not yet been established. The authors focus on data assimilation
(Evensen, 1994) to combine simulation models and measurement
data. Data assimilation is a method of improving the “certainty”
of a simulation model by comparing its estimation with observed
data and modifying the simulation. Also, Kitagawa (1998) pro-
posed to improve the accuracy of state estimation by including the
parameters of the state–space model (SSM) in the state variables
and realized it as a self-organizing state–space model (SOSSM).
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