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Marine transportation capacity is much superior (occupies about 95%) to other
transportation methods, thus making researches on a safe, economical and
environment-friendly marine transportation very important in global economic
a.ctivations and the comfort of people throughout the world. In the past, ships have been
operated with experience and intuition of ship crews. However, six-degree ship motions
of ocean-going vessels are strongly influenced by weather conditions such as heavy
ocean winds, strong ocean current as well as rough ocean waves in the ocean. It is
difficult for seafarers to operate ships without scientific techniques about those points.
To avoid such heavy ocean winds, rough ocean states and make use of beneficial ocean
current, an exact ship position considering about the weather and ocean information is
of great importance. ‘However, reproducing such maritime transport ocean environment

is difficult and complex.

As o;le of the well-known methods among improvement of hull-form, propeller design, °
engine performance, and assistant thrust, optimum ship routing for ocean-going ships
has been studied for several decades, which is of great importance for the economic and
safety of both ships and cargoes (James, R. W., 1957; Motte, et al, 1975; Chen, H.,

1978; Miller, J. N., 1983; Hagiwara, H., 1985).

However, because of the low computation abilities of earlier computers, most of those
former studies mainly focused on the influences of ocean winds and ocean waves on

transoceanic ocean-going vessels, for which the long distance and transit time have a



(X% B R NO.2)
larger flexibility to make their optimum routing algorithms help ships save considerable
navigational cost of both time and fuel even by using the relative coarse-resolution

atmospheric and oceanic modeling methods.

However, according to SAETRA (SAETRA et al, 2004), the benefits of any ship routing
system, however good the model is, will always depend on the quality of the forecasted
weather parameters that are used to force the system. Therefore, the best code is useless

if the upcoming weather condition is not known sufficiently.

Nowadays, compared with the situations several decades ago that computer techniques
limitations reduced the ability to effectively advise ships to take advantage of favorable
weather, the advent of extended range forecasting_ and the development.of selective
climatology, along with powerful computer modeling techniques, have led to the
emergency of modernized regional atmospheric and oceanic models such as the Weather
Research and Forecasting Model (Skamarock, William C., et al. 2005), Simulating
WAves Nearshore (Booij, N.; Ris, R. C.; Holthuijsen, Leo H., 1999) and Princeton
Ocean Model (Mellor, George L. 1998), which can conduct wind, wave and ocean
current' calculations, providing high-resolution weather and ocean data for specific
scales and ocean areas, respectively. These model-generated data can then be applied to
help vessels select the optimum route, reducing both the shipping cost and dangerous
risk.

I~

Therefore, compared with such long-distance cross-ocean navigation using ocean winds
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and waves, it have become ﬁossible for us to do study on the effects of weather and
ocean for ship navigation in coastal sea areas owning to the high ship density and
powerful tropical storms as the first step to build a numerical ship navigation system,
for which the Osaka Bay of Japan was chosen (Chen et al, 2013). Numerical
estimations and - simulations of meteofological and marine phenomena have been

conducted as the first step. Then the results were utilized to make the numerical

- simulations of ship navigation by using the widely-used ship maneuvering model named

Mathematical Model for Manoeuvring Ship Motion (Kose, K., et al., 1981;0gawa, T.,
1981; Yoshimura, 1986), and wave resistances to ship in ocean were calculated by using
the Enhanced United Theory built in Research Initiative on Oceangoing Ships system
(Kashiwagi, M., Mizokami, S., and Tasukawa, H., 1999). Finally, the risk results from
weather and ocean will be obtained by ship crew to avoid possible marine accidents.
High-resolution numerical calculations of meteorological and marine phenomena have
been successfully generated, and then ship drifting due to such effects has also been
well calculated and helps reduce possible ship accidents. Results also show that ship
navigation can be significantly affected own to the complex topography and high ship

density.

Then we mainly focus on high-resolution current routing by using the strong

- western-boundary ocean currents like the Kuroshio Current in the East China Sea Area,

which can also affect the saiﬁng time and fuel cost even' for a shorter distance along the
main path of the Kuroshio Current (Chen et al., 2015). Results show that the Kuroshio

Current can have a significant effects on navigation time and fuel cost. If it is possible
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to numerically estimate meteorological and marine phenomena that ships are likely to
encounter, economic transport routes can be formulated that reduce fuel consumption by

optimally using currents to select the minimum time or fuel ship routes.

Additionally, as the average temperature currently rises, extreme weather conditions
may become more probable. Toffolia et al (Toffolia et al, 2005) studied about the
relation between ship accidents and typhoons and he found that in the East China Sea,
- where approximately 15% of the accidents took place, is characterized by a mean
significant wave height lower than 3 m and mean wave steep-ness larger than 0.025.
Because of the huge amount of warm ocean waters the Kuroshio Current carries, it can
provide huge and continuous energy; therefore, the warm sea surface water can lead to a
high possibility of tropical typhoons in the East China Sea Area, which also have large
effects on ship safety directly by strong ocean wind as well as indirectly through rough

wind-induced ocean waves (Chen et al., 2015).

Beside to those regional atmospheric and oceanic models, the Multi-Scale Simulator for
the Geo-environment model (MSSG) (Keiko Takahashi, et al. 2003; Yuya Baba, et al.
2010) and WAVEWATCH-IIT model (Tolman, H. L., 1997, 1999a, 2009) are also
studied and used in building our numerical ship navigation system to make a global
scale calculation of weather and ocean. Calculation results of these two models show
that a global scale numerical ship navigation system is possible to be achieved based on

the present method.
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Totally, the Numerical Navigation System constructed here shows its feasibility to study
about influences of weather and ocean on ship navigation. Variable resolutions could be
selected to calculate different cases by usﬁlg numerical weather and ocean models. Fine
enough information of meteorological and marine phenomena could be provided to

make the numerical simulation of ship navigation.

Finally, to complete the global-scale opﬁmum ship routing system combined with the
above-bpilt numerical ship navigation system, an optimum routing algorithm is also-
needed. Among those existed mostly used optimization algorithms available for
optimum ship routing such as Dijkstra algorithm (Dijkstra, E. W. 1959; Padhy CP, 2008),
Dynamic Programming (Chen, 1978; Avgouleas, 2008), Genetic Evolutionary
Algorithm (Szlapczynska, et al, 2007) and Monte Carlo (Hoffschildt et al. 1999; Saetra
2004; Béttner 2007), the modified isochrone method, which repeatedly computes an
isochrone, i.e. the attainable time front that describes the outer boundary reachable from
the departure point after a certain.time to decide the optimum ;oute, (HAGIWARA et
al. 1999) has beeﬁ chosen because of its higher acceptance by the navigational staff and

its good accuracy compared with others.

A Several groups of numerical experiments of ship navigation between the Malacca strait

and the Osaka Bay, where the Kuroshio Current flows and powerful typhoons also
happen frequently, have been conducted based .on necessary ship performance
parameters of an actual container ship to study about the global-scale optimum ship

routing system. Analysis of experiment results show that considerable navigational cost
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of both fuel and time could be saved. A safer, more economical as well as
environment-friendly shipping navigation is possible to be achieved by utilizing the
present optimum ship routing system. Recommendations for future development

preferences of the present system have also been given for improvement's.
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