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(67)  The present invention relates to a vessel traffic
service expert system using a deep learning algorithm.
The vessel traffic service expert system using a deep
learning algorithm comprises: a vessel traffic service
(VTS) center providing oversea communication informa-
tion including vessel information on a vessel being sailing
and harbor area information; an oversea communication
information database unit storing the oversea communi-
cation information provided from the VTS center in real
time; a vessel traffic service leaning unit receiving the
oversea communication information in a set range from
the oversea communication information and generating
control standard information determining a state of vessel
and a state of area using the deep learning algorithm; a
vessel traffic service analyzing unit generating the over-
sea control information including the information on ves-
sel and the information on area in real time by comparing
and analyzing the oversea communication information
and the control standard information stored in real time;
and an vessel traffic service information displaying unit
displaying the generated control standard information
through an electronic navigation chart. The control stand-
ard information includes vessel state standard informa-
tion and area state standard information.
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Description
Technical Field

[0001] The present invention relates, in general, to a
Vessel Traffic Service (VTS) system and, more particu-
larly, to a vessel traffic service expert system using a
deep learning algorithm and a control method for the sys-
tem, which may prevent marine accidents by identifying
avessel in an abnormal state and detecting a dangerous
zone in a port using deep learning technology based on
a large amount of data.

Background Art

[0002] Generally, a Vessel Traffic Service (VTS) sys-
tem may provide sailing vessels with a wide range of
services using various sensors such as radar or the like
in order to enable the vessels to sail safely.

[0003] In particular, a VTS system may improve the
safety of a port and the efficiency of port management
under conditions of heavy vessel traffic, increased
amounts of dangerous cargo, the risk of environmental
pollution and the like, and may provide a navigation serv-
ice in order to prevent marine accidents.

[0004] Specifically, the VTS system may provide infor-
mation service in which information about the surround-
ings and vessel traffic in the area covered by the VTS
system is provided in a timely manner, whereby a vessel
may receive help in making navigational decisions.
[0005] Here, because information from the VTS sys-
tem is provided in such a way that a controller who works
in a VTS center provides the information in consideration
of the characteristics of a corresponding port, the time,
and the distinct characteristics of the vessel navigated
by the controller, the condition and skill of the controller
may strongly affect the provided information. Further-
more, gaining the ability of skillful control needs a lot of
experience, and thus the controller is required to expend
a lot of time and effort.

[0006] In order to help a controller to control vessel
traffic, many systems are being developed. However,
most existing VTS systems operate as rule-based sys-
tems. In other words, criteria are set when a system is
constructed.

[0007] Therefore, when a situation deviating from the
defined rules occurs, it is difficult to correctly judge the
situation. Furthermore, because it is impossible to pre-
define all possible vessel traffic situations, it is disadvan-
tageous in that a controller is required to recognize dan-
gerous situations as they emerge.

Disclosure
Technical Problem

[0008] Accordingly, the present invention has been
made keeping in mind the above problems, and an object
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of the present invention is to provide a vessel traffic serv-
ice expert system using a deep learning algorithm and a
control method for the system, which may automatically
detect the state of a vessel and the situation of a port
from a large amount of data using a deep learning algo-
rithm (method), rather than setting criteria for judging the
situation in advance.

[0009] Also, another object of the present invention is
to provide a vessel traffic service expert system using a
deep learning algorithm and a control method for the sys-
tem, in which, rather than setting criteria based on the
state of the sea, the system creates criteria, automatically
identifies a vessel in an abnormal state, detects a dan-
gerous zone in a port, and forwards results to a controller,
whereby marine accidents may be effectively prevented.
[0010] However, the object of the present invention is
not limited to the above-mentioned objects, and other
objects may be clearly understood by those skilled in the
art through the following description.

Technical Solution

[0011] A vessel traffic service expert system using a
deep learning algorithm according to the present inven-
tion includes a Vessel Traffic Service (VTS) center for
providing vessel traffic information, which includes ves-
sel information about a sailing vessel and information
about a port area, in real time; a vessel traffic information
database unit for storing the vessel traffic information,
provided from the VTS center, inreal time; a vessel traffic
control learning unit for receiving the vessel traffic infor-
mation within a set range from the vessel traffic informa-
tion database unit and creating control reference infor-
mation for determining a state of a vessel and a state of
an area using a deep learning algorithm; a vessel traffic
control analysis unit for creating vessel traffic control in-
formation, which includes vessel state information and
area state information, in real time by comparing and
analyzing the vessel traffic information, stored in real
time, with the control reference information; and a vessel
traffic control information display unit for displaying the
created vessel traffic controlinformation through an elec-
tronic navigation chart, wherein the control reference in-
formation includes vessel state reference information
and area state reference information.

Advantageous Effects

[0012] The vessel traffic expert system using a deep
learning algorithm and the control method for the system
according to the present invention are advantageous in
that criteria for determining dangerous situations are not
set in advance when a system is constructed, but the
state of a vessel and the situation of a port are automat-
ically detected through a large amount of data stored in
realtime using a deep learning method based on Atrtificial
Intelligence (Al).

[0013] Also, according to the presentinvention, criteria
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are not set in advance, but a system creates criteria by
itself and thereby automatically identifies a vessel in an
abnormal state, detects a dangerous zone in a port, and
forwards results to a controller. Accordingly, the control-
ler may detect a dangerous situation, which has not been
found by the controller, and respond thereto in advance,
whereby marine accidents may be effectively prevented.

Description of Drawings
[0014]

FIG. 1 is a block diagram schematically illustrating
the configuration of a vessel traffic service expert
system using a deep learning algorithm according
to an embodiment of the present invention;

FIG. 2 is a flowchart illustrating a control method for
a vessel traffic service expert system using a deep
learning algorithm according to an embodiment of
the present invention; and

FIG. 3 shows an example of vessel traffic control
information provided according to the presentinven-
tion.

Best Mode

[0015] Hereinafter, a preferred embodiment of the
present invention is described with reference to the ac-
companying drawings. In the following description of the
present invention, detailed descriptions of known func-
tions and configurations which are deemed to make the
gist of the present invention obscure will be omitted.
[0016] The embodiment according to the present in-
vention may be variously changed and have various
forms. Accordingly, specific embodiments will be de-
scribed in detail below with reference to the attached
drawings. However, it should be understood that those
embodiments are not intended to limit the presentinven-
tion to specific disclosure forms and they include all
changes, equivalents or modifications included in the
spirit and scope of the present invention.

[0017] FIG. 1 is a block diagram schematically illus-
trating the configuration of a vessel traffic service expert
system using a deep learning algorithm according to an
embodiment of the presentinvention, FIG. 2 is a flowchart
illustrating a control method for the vessel traffic service
expert system using a deep learning algorithm, and FIG.
3 shows an example of vessel traffic control information.
[0018] Referring to the drawings, a vessel traffic serv-
ice expert system 100 using a deep learning algorithm
according to the present invention may be configured to
include a Vessel Traffic Service (VTS) center 110, a ves-
sel traffic information database unit 120, a vessel traffic
control learning unit 130, a vessel traffic control analysis
unit 140, and a vessel traffic control information display
unit 150.

[0019] The vessel traffic service expert system and a
control method for the system are described through
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these components. First, although not specifically illus-
trated in the drawing, the VTS center 110 may be built in
many locations and provide vessel traffic information,
which includes information about sailing vessels and in-
formation about a port area, in real time at step S101.
[0020] Generally, the VTS center 110 may detect ves-
sel traffic conditions using an Automatic Identification
System (AIS), installed in each vessel, and a radar de-
vice, installed on land (on the shore).

[0021] Here, the AIS contains information about the
name, the type, the specification, the position, and the
speed of the corresponding vessel, and the like.

[0022] The vesseltrafficinformation database unit 120
stores the vessel traffic information, provided from the
VTS center 110 in real time, therein at step S102.
[0023] Here, the vessel traffic information database
unit 120 may store categorized vessel traffic information.
Specifically, the vessel traffic information may include
vessel information and port area information.

[0024] Also, the vessel information may include the
name of a vessel, the type of the vessel, the specification
of the vessel, information about variation in the position
of the vessel over time, information about the speed of
the vessel over time, information about the course of the
vessel over time, information about the accident history
of the vessel, and information about the cargo carried by
the vessel.

[0025] Also, the vesseltrafficinformation database unit
120 may store various kinds of maritime information,
such as weather information and the like, in addition to
the vessel traffic information.

[0026] Subsequently, the vessel traffic control learning
unit 130 may be provided with the vessel traffic informa-
tion within a set range from the vessel traffic information
database unit at step S103, and may create control ref-
erence information for determining the state of a vessel
and the state of an area using a deep learning algorithm.
[0027] The vessel traffic control learning unit 130 may
create control reference information for separating the
input information into a normal state and an abnormal
state through neural learning based on multi-layer neural
networks.

[0028] Also, the vessel traffic control learning unit 130
may continuously receive the vessel traffic information,
which is stored in real time, and thereby update the con-
trol reference information. Here, the vessel traffic control
learning unit 130 may perform the update at a preset
interval or in real time.

[0029] Also, the control reference information may in-
clude vessel state reference information and area state
reference information.

[0030] Specifically, the vessel traffic control learning
unit 130 may include a track information learning module
131 and a port information learning module 132, as
shown in the drawing.

[0031] The track information learning module 131 may
receive information about vessels, acquired during a cer-
tain period, as input data and create the vessel state ref-
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erence information for differentiating between the normal
state of a vessel and an abnormal state of the vessel.
[0032] Also, the port information learning module 132
may receive information about a port area, which is di-
vided so as to have the form of a grid having consistent
spacing, as input data, and may create the area state
reference information for determining the dangerous
state of the area (port area).

[0033] Also, the track information learning module 131
and the port information learning module 132 may con-
tinuously create and update the vessel state reference
information and the area state reference information
through a deep learning algorithm.

[0034] Particularly, the vessel traffic control learning
unit 130 of the present invention is characterized in that
criteria are established and continuously updated using
information input in real time through a deep learning
algorithm or method based on Artificial Intelligence (Al).
[0035] The vessel traffic control analysis unit 140 re-
ceives the control reference information, which is created
and updated by the vessel traffic control learning unit
130, at step S105 and receives the vessel traffic infor-
mation, which is stored in the vessel traffic information
database unit 120 in real time, at step S106, simultane-
ously with the control reference information.

[0036] The vessel traffic control analysis unit 140 com-
pares and analyzes the vessel traffic information, which
is stored in real time, with the control reference informa-
tion or the updated control reference information, and
thereby creates vessel traffic control information, which
includes the vessel state information and area state in-
formation, in real time at step S107.

[0037] For example, the vessel traffic control analysis
unit 140 may acquire the probability of an abnormal state
(which is in the range from 0.0 to 1.0) for each vessel or
for each area using the information created by the vessel
traffic control learning unit 130.

[0038] Here, the vessel traffic control analysis unit 140
may create vessel state information by applying a weight-
ed value based on the accident history of the vessel and
the cargo carried by the vessel or in consideration of such
information. Also, the risk level for each area, that is, the
risk level in the areas divided in the form of a grid, may
be used to create the area state information.

[0039] Then, the vessel traffic control information, cre-
ated by the vessel traffic control analysis unit 140, is pro-
vided to the vessel traffic control information display unit
150 at step S108 and is displayed through a separate
display at step S109.

[0040] The vessel traffic control information display
unit 150 may display the vessel traffic control information
for each vessel and for each area on an electronic nav-
igation chart 151, as shown in FIG. 3.

[0041] Specifically, the vessel traffic control informa-
tion display unit 150 may display the vessel state infor-
mation and the area state information using different
colors for different levels (for example, using a color set
depending on a certain range of calculated probability)
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or using different shapes.

[0042] For example, a vessel may be marked with 'O’,
an area may be marked with '[I’", an abnormal or a dan-
gerous state may be marked with a red color (or diagonal
lines), a safe state may be marked with a blue color (or
large dots), and a warning may be marked with a green
color (or small dots) on the electronic navigation chart
151.

[0043] Therefore, through the vessel traffic service ex-
pert system 100, a vessel in an abnormal state is auto-
matically detected, a dangerous zone in a port is detect-
ed, and theresultis displayed on the electronic navigation
chart 151, whereby the real-time state may be delivered
to a controller.

[0044] Also, although not specifically illustrated, when
the vessel state information or the area state information
corresponds to an abnormal state, the vessel traffic con-
trol analysis unit 140 may send a warning signal to a
controller, a central control center, arescue center or the
like, whereby they may be made aware of the dangerous
situation.

[0045] As described above, according to the present
invention, because information is processed using a
deep learning method, the states of vessels and the sit-
uation of a port may be automatically detected using data
stored in real time, and may be provided to a controller.
[0046] Although the present invention has been de-
scribed with reference to the embodiment shown in the
accompanying drawings, it should be understood that
the embodiment is merely an example and those skilled
in the art will appreciate that various modifications, ad-
ditions and substitutions are possible. Accordingly, the
scope of the present invention must be viewed as being
defined in appended claims.

Mode for Invention

[0047] A vessel traffic service expert system using a
deep learning algorithm according to an embodiment of
the present invention includes a Vessel Traffic Service
(VTS) center for providing vessel traffic information,
which includes vessel information about a sailing vessel
and information about a port area, in real time; a vessel
trafficinformation database unitfor storing the vessel traf-
ficinformation, provided from the VTS center, inrealtime;
a vessel traffic control learning unit for receiving the ves-
sel traffic information within a set range from the vessel
traffic information database unit and creating control ref-
erence information for determining a state of a vessel
and a state of an area using a deep learning algorithm;
a vessel traffic control analysis unit for creating vessel
traffic control information, which includes vessel state in-
formation and area state information, in real time by com-
paring and analyzing the vessel trafficinformation, stored
in real time, with the control reference information; and
a vessel traffic control information display unit for display-
ing the created vessel traffic control information through
an electronic navigation chart, wherein the control refer-
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ence information may include vessel state reference in-
formation and area state reference information.

[0048] Also, in the vessel traffic service expert system
using a deep learning algorithm according to the present
invention, the vessel traffic control learning unit may in-
clude a track information learning module for receiving
the vessel information acquired during a certain period
as input data and creating the vessel state reference in-
formation for differentiating between a normal state of a
vessel and an abnormal state of the vessel; and a port
information learning module for receiving the information
about the port area, which is divided in the form of a grid
having consistent spacing, as input data and creating the
area state reference information for determining an area
in a dangerous state.

[0049] Also, in the vessel traffic service expert system
using a deep learning algorithm according to the present
invention, the vessel traffic control learning unit may up-
date the created control reference information by being
provided with new vessel trafficinformation, stored in real
time, from the vessel traffic information database unit,
and may provide the updated control reference informa-
tion to the vessel traffic control analysis unit.

[0050] Also, in the vessel traffic service expert system
using a deep learning algorithm according to the present
invention, the track information learning module may use
information about remaining vessels, excluding a vessel
that is involved in an accident, as input data.

[0051] Also, in the vessel traffic service expert system
using a deep learning algorithm according to the present
invention, the vessel information may include the name
of the vessel, the type of the vessel, the specification of
the vessel, information about variation in the position of
the vessel over time, information about the speed of the
vessel over time, information about the course of the ves-
sel over time, information about the accident history of
the vessel, and information about the cargo carried by
the vessel, and the information about the port area may
include information about a position at which accidents
frequently occur and information about the location of
dangerous areas.

[0052] Also, in the vessel traffic service expert system
using a deep learning algorithm according to the present
invention, the vessel traffic control analysis unit may cre-
ate the vessel state information by applying a weighted
value based on the information about the accident history
of the vessel and information about the cargo carried by
the vessel.

[0053] Also, in the vessel traffic service expert system
using a deep learning algorithm according to the present
invention, the vessel traffic control information display
unitmay display the vessel state information and the area
state information using a color corresponding to a level.
[0054] A control method for a vessel traffic service ex-
pert system according to the present invention may in-
clude receiving, by a Vessel Traffic Service (VTS) center,
vessel traffic information, which includes vessel informa-
tion about a sailing vessel, information about a port area,
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and weather information, in real time; storing, by a vessel
traffic information database unit, the vessel traffic infor-
mation, which is received in real time from the VTS cent-
er; receiving, by a vessel traffic control learning unit, the
vessel traffic information within a setrange, and creating,
by the vessel traffic control learning unit, control refer-
ence information, which includes vessel state reference
information and area state reference information, using
a deep learning algorithm in order to determine the state
of a vessel and the state of an area; creating, by a vessel
traffic control analysis unit, vessel traffic control informa-
tion, which includes vessel state information and area
state information, in real time by comparing and analyz-
ing the vessel traffic information, stored in real time, with
the control reference information; and displaying, by a
vessel traffic control information display unit, the created
vessel traffic control information.

Industrial Applicability

[0055] The present invention uses a deep learning
method based on Artificial Intelligence (Al), and may thus
be applied to a vessel traffic service expert system using
a deep learning algorithm and a control method for the
system, in which criteria for determining a dangerous sit-
uation are not setin advance when a system is construct-
ed, but in which the states of a vessel and a port are
automatically detected using a large amount of data
stored in real time.

[0056] Also, the presentinvention may be applied to a
vessel traffic service expert system using a deep learning
algorithm and a control method for the system, in which,
because the system is configured to create criteria by
itself without the need to set the criteria, to automatically
detect a vessel in an abnormal state, to detect a danger-
ous zone in a port, and to deliver the result to a controller,
the controller may detect a dangerous situation, which
has notbeen found by the controller, and respond thereto
in advance, whereby marine accidents may be effectively
prevented.

Claims

1. A vessel traffic service expert system using a deep
learning algorithm, comprising:

a Vessel Traffic Service (VTS) center for provid-
ing vessel traffic information, which includes
vessel information about a sailing vessel and
information about a port area, in real time;
avesselftrafficinformation database unit for stor-
ing the vessel traffic information, provided from
the VTS center, in real time;

a vessel traffic control learning unit for receiving
the vessel traffic information within a set range
from the vessel traffic information database unit
and creating control reference information for
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determining a state of a vessel and a state of an
area using a deep learning algorithm;

a vessel traffic control analysis unit for creating
vessel traffic control information, which includes
vessel state information and area state informa-
tion, in real time by comparing and analyzing the
vessel trafficinformation, stored in real time, and
the control reference information; and

a vessel traffic control information display unit
for displaying the created vessel traffic control
information through an electronic navigation
chart,

wherein the control reference information in-
cludes vessel state reference information and
area state reference information.

2. The vessel traffic service expert system of claim 1,

wherein the vessel traffic control learning unit com-
prises:

atrack information learning module for receiving
the vessel information acquired during a certain
period as input data and creating the vessel
state reference information for differentiating be-
tween a normal state of a vessel and an abnor-
mal state of the vessel; and

a port information learning module for receiving
the information about the port area, which is di-
vided in a form of a grid having consistent spac-
ing, as input data and creating the area state
reference information for determining a danger-
ous state of an area.

3. The vessel traffic service expert system of claim 1,

wherein the vessel traffic control learning unit is con-
figured to:

update the created control reference information
by being provided with new vessel traffic infor-
mation, stored in real time, from the vessel traffic
information database unit; and

provide the updated control reference informa-
tion to the vessel traffic control analysis unit.

The vessel traffic service expert system of claim 2,
wherein the track information learning module uses
information about remaining vessels, excluding a
vessel involved in an accident, as input data.

The vessel traffic service expert system of claim 1,
wherein the vessel information includes a name of
the vessel, a type of the vessel, a specification of the
vessel, information about variation in a position of
the vessel over time, information about a speed of
the vessel over time, information about a course of
the vessel over time, information about an accident
history of the vessel, and information about cargo
carried by the vessel.
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The vessel traffic service expert system of claim 1,
wherein the information about the port area includes
information about a position at which an accident
frequently occurs and position information about a
dangerous area.

The vessel traffic service expert system of claim 5,
wherein the vessel traffic control analysis unit cre-
ates the vessel state information by applying a
weighted value based on the information about the
accident history of the vessel and information about
the cargo carried by the vessel.

The vessel traffic service expert system of claim 1,
wherein the vessel traffic control information display
unit displays the vessel state information and the ar-
ea state information using a color according to a lev-
el.

A control method for a vessel traffic service expert
system using a deep learning algorithm, comprising:

receiving, by a Vessel Traffic Service (VTS)
center, vessel traffic information, which includes
vessel information about a sailing vessel, infor-
mation about a port area, and weather informa-
tion, in real time;

storing, by a vessel traffic information database
unit, the vessel traffic information, which is re-
ceived in real time from the VTS center;
receiving, by a vessel traffic control learning unit,
the vessel traffic information within a set range,
and creating, by the vessel traffic control learn-
ing unit, control reference information, which in-
cludes vessel state reference information and
area state reference information, using a deep
learning algorithm in order to determine a state
of a vessel and a state of an area;

creating, by a vessel traffic control analysis unit,
vessel traffic control information, which includes
vessel state information and area state informa-
tion, in real time by comparing and analyzing the
vessel traffic information, stored in real time, and
the control reference information; and
displaying, by a vessel traffic control information
display unit, the created vessel traffic control in-
formation.

10. The control method for claim 9, wherein in the cre-

ating the control reference information,
the vessel traffic control learning unitis configured to:

create the vessel state reference information for
differentiating between a normal state of a ves-
sel and an abnormal state of the vessel by re-
ceiving the vessel information, acquired during
a certain period, as input data; and

create the area state reference information for
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determining a dangerous state of an area by re-
ceiving the information about the port area,
which is divided in a form of a grid having con-
sistent spacing, as input data.

11. The control method of claim 9, wherein:

the vessel information includes a name of the
vessel, a type of the vessel, a specification of

the vessel, information about variation in a po- 70
sition of the vessel over time, information about

a speed of the vessel over time, information
about a course of the vessel over time, informa-

tion about an accident history of the vessel, and
information about cargo carried by the vessel; 15
and

the information about the port area includes in-
formation about a position at which an accident
frequently occurs and position information about

a dangerous area. 20

12. The control method of claim 9, wherein
after creating the control reference information, the
vessel traffic control learning unit updates the creat-
ed control reference information by receiving new 25
vessel traffic information, which is stored in real time,
from the vessel traffic information database unit and
provides the updated control reference information

to the vessel traffic control analysis unit.
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FIGURE 2
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