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A marine accident can result in tragic consequences such as the loss of ships and
materials damage to marine infrastructure and environment. It has led to the economic
losses and long time to recover. In order to prevent such marine accidents, safety is a
significart issue in shipping and ship navigation in industrial fields. Therefore, man&
safety regulations pertaining to ship design and equipment have been developed to
promote ship safety. However, significant marine accidents continue to occur, and it has

come to light that one of the main causes of marine accidents is human errqi‘. Human

. factors were adopted among the causes fo be investigated in marine accidents in

Resolution A.884 (21) (IMO, 2000). A large proportion of marine accidents are ship
collisions caused by-human error. 'As one of the major sources of human errdr,
navigators play an important role in navigating ships.

The need to ensure safety of navigation has led to the implementation in terms
of supporting a navigation officer operating a ship. It has come to light the need for
safety evaluation methods to estimate risk involved in ship navigation. This
quantitative approach using the evaluation methods is able to predict risk and manage
potential risk. Other approach is that VTS (vessel traffic service) is established in

" Resolution A.857 (20) (IMO, 1997). It has a role to monitor navigation situation and to

assist navigation officers for manage potential risk in observation area

The primary of this thesis introduces a new model for evaluation of the
navigation safety zone throughout an entire ship route for use by a port safety authority
or vessel traffic service genter. In evaluating the risks associated with a navigation
situation, this model considers a variety of factors that affect a navigation officer’s
perceptions while navigating. A risk quantification method reflecting the knowledge of
navigators was incorporated in this model, and a new algorithm was de{reloped for
evaluating safety in an entire ship route. To verify the effectiveness of the proposed
model, a simulation was carried out for the Osaka Bay area. The proposed model was
found to be effective in quantifying navigation safety throughout an entire ship route in
Osaka Bay. This model can be helpful to vessel traffic centers and port safety
authorities in ship navigation safety management.

This thesis is structured as follows. The literature review in terms of existing .
safety evaluation models is presented in Chapter 2 and Chapter 3 describes structure
and basic éoncept of a new safety evaluation model. In Chapter 4, it describes safety
index as risk quantification to identify risk in ship navigation in this model. An
algorithm developed to evaluate risk throughout whole ship route area is presented in
Chapter 5. Simulation results in Osaka bay utilizing proposed model are exemplified in
Chapter 6. The findings and proposals for future work are included in Chapter 7.

In Chapter 2, it will explain the overview of existing models how risks in ship
navigation may be quantified and how to evaluate the ship navigation situation.
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The common point of the various methods of safety evaluation models consists of risk

quantification and algorithms how to evaluate the ship navigation situation. In order to

develop a new safety evaluation model, it has to approach as follows. Firstly, safety
evaluation models have their own risk quantification to estimate navigation
environment. Secondly, Algorithm is developed to evaluate risk associated with
navigation situation between ships.

A new safety evaluation model is presented in this chapter 3. It consists of three
parts, which are definition of safety index, safety index factors and its structure. The
main purpose of safety index indicates a variety of navigation situation quantitatively,
which takes into consideration of a navigation officer’s perception. Ship navigation
situation is complexity. Each movement of ship affects a navigation officer’s perception
while navigating own/other ships each other. This study defines a section and the
meaning of navigation situation as follows: at the first, a section is the vital solution for
evaluating safety throughout a whole ship route. A section is defined as one of the
meshes that whole ship route is divided into several sections. Safety index indicates
risk in a section that includes navigation situation of all ships in a section. In order to
identify risk reflecting a navigation officer’s perception, safety index factors are
classified according to ship information, relationship between ship and environmental
situation (time, day). Ship information is grouped according to ships’ types and length
of ship. This factor affects the navigation officers make decisions based on such
information, which is important when considering maneuverability. In addition, these
can exhibit the attributes of traffic route and ship speed. Relationship between ships is
classified according to relative speed, distance difference between ships and encounter
situations. It has impact when the navigation officer alters own ship’s course/speed.
According to encounter situations, proper action of ship is different. Environmental
situation is grouped according to time and day. Sailing time includes the information
who navigates a ship, which means that a navigation officer’s experience will be taken
into consideration. In this chapter, new model was presented approximatively. In order
to complement the existing safety evaluation model, ‘it proposed the solution. The
approach was to consider various factors that reveal a navigation officer’s perception.
Outline of procedures of how to evaluate on an entire ship route was introduced.

In Chapter 4, this chapter described how to identify the risk of each factor in this
model. Risk quantification was proposed in order to calculate safety index associated
with navigation situation in a section. Elements of each factor were designed, which
was quantified by the result of questionnaire investigation. A questionnaire is useful
tool to measure the degree of risk. In the questionnaire, navigation officers were asked

how much each factor affects their perception, using a nine-level evaluation scale.
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The results reflect the navigation officers’ opinion in a quantitative manner that
can be incorporated into the safety evaluation model. In Chapter 5, this chapter
proposes the algorithm that can be used to determine the navigational safety zone. This
algorithm takes into consideration the analysis of ship navigation situation in real-time
and estimate the risks of ship navigation situation in entire ship route area. It is
proposed the ship route area is divided into several section at regular distance. Each
ship navigation situation at entire ship route area can be quantified in terms of safety
index based on the ship data within a specified distance range. The safety level of each
section is "expressed by a _Trepresentative value reflecting the navigation officers’
perception. The results using this algorithm can be used to determine the navigational
safety zone. The proposed algofithm is to be effective in quantifying navigation safety
throughout an entire ship route area. It can be helpful to vessel traffic centers and port
safety authorities in ship navigation safety Amanagement. To verify the effectiveness of

- the proposed algorithm, a simulation will carry out in Chapter 6. .

In Chapter 6, it shows that proposed model can be used to evaluate the safety of
an entire ship route area on the basis of navigation officers’ perceptions. This chapter
presents an assessment of the suitability of the ‘proposed model for use as a safety
evaluation method in assessing risk for an entire ship route area. A simulation was
carried out to validate the proposed model for use as a safety evaluation model. It was
conducted for Osaka Bay. Osaka bay is Japan’s largest semi-enclosed sea, which is
located at the eastern end of Seto Inland. This bay has two entrances for the
Osaka/Kobe port areas, which are the Akashi Strait and the Tomogashima Channel.

According to the Port Authority of Japan (2010), the area used is latitude N34°14’ to

N34°46” and longitude E134°54" to E135°26". This simulation was carried out using
AIS data. The receiving system of AIS is installed on the top floor of a building at Kobe
University, and AIS data from Osaka Bay is acquired continuously.

Some Conclusion regarding to proposed safety evaluation model has been
performed in Chapter 7. Development of sa.fety. evaluation model in port saféty
management is importance to be studied in order to manager the potential risks of ship
navigation situation. The safety evaluation models consist of two major parts. One is to
develop the risk quantification in order to estimate the risks of ship navigation
situation. The other is to propose the algorithm to evaluate the ship navigation
situation. In this research,-the risk quantification was developed based on several
elements affecting the navigation officer’s perception in ship navigation situation. The

algorithm was proposed to evaluate the risks along entire ship route area.
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