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Abstract

With the recently rapid development of information technology (IT), new synergies
have been created by developing a variety of converged services which integrate
information technology environments with a variety of fields. In the proposed method, a
vessel’s navigation information is received from wide-range sensor systems, and its
distance from the anchorage is measured by using spherical trigonometry. When the
measured distance is not within the anchorage error threshold defined by the vessel
traffic controller, there will be additional voice communications.
Keywords: Vessel Traffic Service, Vessels Monitoring, Traffic Control, Secure
Communication, Group Management

1. Introduction
There have been sustainable studies on applying various computing services to the
infrastructure due to rapid changes in the information technology environments. VTS is
essential for marine traffic control to be liberated from the existing management methods
simply based on wired/wireless communication and to respond quickly to the potentially
dangerous situations. The Vessel Traffic Service is to improve the safety and efficiency of
vessel traffic, and its marine traffic control service is very important for safe navigation
and departure and arrival as a national backbone network [3, 10].
However, it has been difficult for the existing VTS to respond rapidly to marine
emergency situations because it has relied on equipment such as wide-range sensors
(LRIT, satellite AIS, HF RADAR, SARSAT), CCTV, VHF, etc. In addition, the
controller has been required for passive and intensive monitoring of vessels waiting for
departure or arrival in an anchorage. As a result, the controller’s fatigue increases and the
efficiency decreases. An identical vessel’s identical MMSI repetition can cause some
drawbacks to be compensated. Therefore, these are considered as hindrances to safe
maritime traffic control [4, 11].
The remainder of this paper is organized as follows. In Section 2, a technical overview
of the VTS is presented. In Section 3, existing VTS anchorage management methods are
analyzed, and then the requirements for the safe and efficient anchorage management are
proposed. In Section 4, a management and monitoring method of vessel anchorage
deviation is proposed. In Section 5, comparison with existing methods is conducted.
Finally, conclusions and possible extensions of this work for future research are drawn in
Section 6.

2. Analysis of Existing Schemes
John, et al., [1] proposed an information analysis and design approach to develop an
efficient framework for decision-making systems of military vessels in 2005. This
approach considered decision-making systems using Karush-Kuhn–Tucker (KKT)
conditions. In addition, this approach presented a way to configure the decision-making
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systems of military vessels by applying Multiple Criteria Decision Making (MCDM)
methods further.
The complexity and general requirements of WS (Weighted Sum), HWS, AHP and
MAU are described in order to apply MCDM. In particular, this approach uses STSEB(Survivability of Suspected Target Search at the End of Burst) and STSES(Survivability of Suspected Target Search at the End of Search) to demonstrate its
effectiveness through the analysis and implementation of the objects within the specified
area. In 2006, Chaug, et al., [2] proposed a model to determine the optimal route and
ships for routing containers by considering shipping costs and inventory costs. To support
this model, an optimal decision-making method is proposed for cost-effective analysis
and its efficiency.
In particular, this method determines
,
ship types andanalyzes the relationship between
and
,
in order to determine the most optimal route.

depending on
by calculating ,
,

The requirements for the management and monitoring of vessel anchorage deviations
are proposed for a decision-making system by using spherical trigonometry.
-

-

-

-

Decision making on an activity: When an activity-specific service is to be applied
to the decision-making system, it is necessary to provide a separate service for
decision making specific to each activity. The drawbacks of the area-based
decision making can be compensated in this way. In addition, an assistance service
can be provided for the controller‘s decision-making because various activities can
be analyzed in detail.
Group management based on a single object: With the one-to-one management of a
single vessel or object, it is possible to manage a small number of vessels in detail.
However, it is very difficult to manage a large number of vessels in detail. Thus,
group management is essential for decision making on a single vessel.
Monitoring based on multiple information sources: When a decision-making
system is configured, it should be capable of monitoring a variety of information.
That is, a vessel which is being traced or not traced is to be monitored on the basis
of its properties and navigational information and its multiple information sources
are to be considered in the actual decision-making.
Centralized management: The centralized management is to be available through
the centralization of all the information due to the nature of VTS. That is, the
control center is to manage and store all the information for the quick and effective
management by providing the controller with the monitoring and selected
information of vessels.

4. Anchorage Deviation Ship Management and Monitoring Scheme
4.1. System Parameters
-

14

: Anchor dragging
: Anchor dragging error range
: An Anchorage ground set
: VTS Control center position
,
: Spherical trigonometry’s great circle/small circle drawn around the center
depending on the location of a vessel which has moved from the initial anchorage.
: Initial Anchorage position
: Moving location of Anchorage vessel
: minimum radius of gyration
: Rotate the angle of rotation of the vessel
: Length of vessel
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-

: Absolute value of anchor length and the distance between the center of the steering
handle
: Anchoring the vessel's movement speed per minute

4.2. Protocol
(1) A spherical trigonometry-based monitoring technique of anchorage-deviated vessels
If a vessel which has been at anchor for port entry arbitrarily deviates from the anchorage or a
vessel deviates from the anchorage due to special emergency situations, the following monitoring
process should be performed.
①The distance from the A control center to the A vessel in the anchorage is calculated at the
control center.
②When a vessel is deviating from the initial anchorage in special circumstances such as bad
weather conditions, the latitude and longitude of its current location relative to the control center is
to be checked and the great-circle distance and the parallel small-circle distance at the same
longitude are to be extracted through spherical trigonometry.
[Proof]
- By applying the law of COS for the plane triangle
̅̅̅̅̅
-
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⃡ , ⃡
⃡ , where ⃡
⃡
are tangents to the great sphere atthe point A.
Therefore,
and
arearight triangle. By applying the Pythagorean theorem to each of
̅̅̅̅̅
̅̅̅̅ , ̅̅̅̅̅
̅̅̅̅̅
̅̅̅̅ .
the two right triangles, the following can be obtained:̅̅̅̅̅
Substituting the previous equation into
̅̅̅̅̅̅̅̅̅̅
̅̅̅̅̅̅̅̅̅̅
.

, the following can be obtained, ̅̅̅̅

Figure 1. Spherical COS Theoremproof
③The travel distance of the object is compared with its anchorage and the result is
checked within the error threshold at the center.
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④After the result validity is checked within the error threshold at the center, the anchor
dragging status of the object is also checked through the following procedures.
{
⑤If the anchor is dragging(T = 1), the Minimum Turning Radius(MR) of the object at
anchor is calculated as follows.

⑥At the center, the minimum turning radius(MR) of the vessel at anchor is calculated
to determine the distances from the objects around. If the results are outside the minimum
turning radius(MR), an alarm message is sent to the controller and the controller informs
the corresponding target vessel of its current status and action items via VHF
communication.

5. Analysis of the Anchorage Deviation Ship Management and Monitoring
Scheme
5.1. Analysis of Proposed Scheme
-

-

-

Decision making on each activity: The decision-making system proposed for
anchorage management assists the controller as one of the various decision-making
processes and compensates the drawbacks of one area-based decision-making
system which makes the detailed management difficult. Therefore, the proposed
method enables the anchorage analysis and offers the more specific services based
on the analysis result.
Group management based on a single object: In this method, an anchorage is
defined as a group and an anchored vessel is defined as a static group member
whose registration and withdrawal is not easy. The vessel ID is generated on the
basis of MMSI, thereby a secure session key is constructed, and a pair of temporary
public keys
is distributed for anchoring. As a result,it is possible to improve
the efficiency and safety of the anchorage management by controlling all the
anchored vessels as well as a single anchored vessel.
Multiple information-based monitoring: This proposed method uses navigational
information as well as vessel-specific information to propose decision-making
services for the anchorage management. This method enables the more detailed
monitoring of all the vessels associated with an anchorage regardless of their
tracking information through the required process.

5.2. Implementation
This proposed method is applied to the system for the development of next-generation
VTS technology

16
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Figure 2. System Architecture

6. Conclusions
In this paper, a method of vessel deviation management and monitoring using spherical
trigonometry is proposed, depending on the information collected from wide-range
sensors. The proposed method compensates the drawbacks of existing area-based
decision-making systems to enable the management and decision-making of a specific
object. The method also presents a secure communication and management method which
identifies and recognizes an actual target vessel having the same MMSI. In particular, this
method is applied to the theoretical and practical suggestions for the next-generation VTS
system in order to improve its practical applicability.
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