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Abstract

The International Maritime Organization has determined that more than 80% of maritime
accidents are caused by human error. A variety of methods have been considered to reduce
maritime accidents caused by such human error. Navigators operate by observing surrounding
maritime situations and analyzing information using various navigational devices. This study
proposes a system to ensure safe navigation by assisting navigators through the delivery
of maritime safety information (MSI) between land and sea. In the future, supplementing
the system through long-term on-the-ship tests is necessary by defining MSI in relation to
maritime service portfolio regions.

Keywords: Maritime safety, Maritime safety information, Human error, Interface,
Automatic identification system

Received: Jun. 3, 2014
Revised : Jun. 24, 2014
Accepted: Jun. 24, 2014

Correspondence to: Taeho Hong
(ds1pnp@mmu.ac.kr)
©The Korean Institute of Intelligent Systems

cc©This is an Open Access article dis-
tributed under the terms of the Creative
Commons Attribution Non-Commercial Li-
cense (http://creativecommons.org/licenses/
by-nc/3.0/) which permits unrestricted non-
commercial use, distribution, and reproduc-
tion in any medium, provided the original
work is properly cited.

1. Introduction

According to most statistics on domestic and foreign maritime accidents, the rate of accidents
caused by human factors ranges from 60 to 80%. The International Maritime Organization
(IMO) has reported that more 80% of maritime accidents are caused by human error [1, 2]. In
Korea during the last five years, accidents caused by human factors account for 82% of all
maritime accidents [3].

In modern ships, a variety of methods have been considered to reduce number of the
maritime accidents caused by human error. Various types of navigational devices have been
installed inside the bridges of ships. Navigators observe surrounding maritime situations and
analyze other information obtained from these many navigational devices. However, because
of worker fatigue caused by excessive work aboard high-speed ships, loading and unloading,
and excessive paper work for ship operation, safe navigation is now threatened [4]. Therefore,
technologies that aid navigator decision making have been proposed to reduce the numbers of
accidents caused by human factors [5].

The IMO has been defined as an organization that harmoniously collects, integrates, ex-
changes, presentations, and analyzes maritime information at sea and seashore through elec-
tronic means. This vast information processing is designed to strengthen e-navigation and
relevant services from port entry to departure and to ensure maritime safety and security as
well as oceanic environmental protection. E-navigation, as an integrated and consistent system
to reduce the workload of the bridge, essentially is an attempt to connect all systems [6, 7].
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In this study, attempts are made to construct a system to fuse,
display, and transmit maritime safety information (MSI) at land
and sea in order to reduce the numbers of marine accidents.

MSI was first examined and a system to transmit and receive
MSI at land and sea was designed. After test terminals were
constructed, the effectiveness of the system was confirmed
through transmission and reception tests at land and sea.

2. Maritime Safety Information

MSI originally referred to navigational and meteorological
warnings, meteorological forecasts and distress alerts [8]. How-
ever, these original purposes haves recently been modified to
mean navigational and meteorological warnings, meteorologi-
cal forecasts and other urgent safety related messages broadcast
to ships [9, 10]. These relevant services are defined the mar-
itime service portfolio (MSP) of e-navigation shown in Table 1
[11].

MSP describes operational and technical services and their
associated levels of supplied by interested parties at a given sea
area, waterway, or harbor. In addition, it includes services to
the following regions [12].

- Port areas and approaches
- Coastal waters and confined or restricted areas
- Open seas
- Areas outgoing offshore and/or infrastructureal develop-

ment
- Polar areas
- Other remote areas.

The automatic identification system (AIS) is currently con-
sidered a means to transmit and receive MSI messages between
land and sea. According to Safety Of Life At Sea Agreement,
AIS must be installed on liners, vessels weighing more than
300 tons and used for international navigation. In addition, it
has been extended to small ships by domestic law [13].

Ships transmit and receive various kinds of AIS messages
using application-specific messages (AIS-ASM). Messages 1
through 3 are used to report a ship’s position, message 4 is used
to report to base stations, messages 6 and 8 are used to transmit
binary messages, which can contain any type of data. Research
is currently in progress to introduce a new service based on
AIS-ASM [14].

3. Design of an MSI Fusion System

The objective of this research is to design and construct a fusion
system for supply and transmission of MSI to assist navigator

Table 1. Maritime service portfolios (MSPs)
MSP number Identified service

MSP 1 VTS information service
MSP 2 Navigation assistance service
MSP 3 Traffic Organization Service
MSP 4 Local port service
MSP 5 Maritime safety information service
MSP 6 Pilotage service
MSP 7 Tugs service
MSP 8 Vessel shore reporting
MSP 9 Remote Monitoring of Ships Systems

MSP 10 Telemedical assistance service
MSP 11 Maritime assistance service
MSP 12 Nautical chart service
MSP 13 Nautical publication service
MSP 14 Ice navigation service
MSP 15 Meteorological information service
MSP 16 Real-time hydrographic and

environmental information services
MSP 17 Search and rescue service

VTS, vessel traffic service.

Table 2. Function of safety information creation module
Classification Data

Self function Ship monitoring & control
Transmission function Traffic condition information
Reception display function Target information of ships

Local weather information

in decision making and to improve navigational safety. As
shown in Figure 1, the system consists of land MSI and sea
MSI subsystems, transmit and receive data between land and
sea. This chapter describes the system and its module.

3.1 Land MSI System

The land MSI system provides safety information based on
information obtained from a safety information source database,
and transmits it to the sea MSI system.

3.1.1 Safety information creation module

As shown in Figure 2, the safety information creation module
is comprised of electronic navigation chart (ENC) control and
display programs. It extracts and manages effective marine
safety information from the safety information source database
and transmits to sea. The module’s major functions are shown
in Table 2.
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Figure 1. Framework of a fusion system for the delivery of maritime
safety information (MSI).

Figure 2. Safety information creation module. ENC, electronic
navigation chart.

3.1.2 Safety information communication module

The safety information communication module is designed to
perform two main reciprocal functions. First, it transmits to
sea information acquired from the safety information creation
module through AIS. Second, it delivers information received
from sea to the safety information creation module and safety
information source database. As shown in Figure 3, these
methods of communication are accomplished according to the
NMEA 0183 protocol by using an RS422 interface. NMEA
0183 has been used as the standard protocol for serial data
communication of navigational devices since the 1980’s [15,
16]. As shown in the circuit diagram of Figure 4, the module is
composed of an RS422 interface through an X9 port of a VDL
6000 Transponder.

Figure 3. Automatic identification system (AIS) interface of the
safety information communication module.

Figure 4. Circuit diagram of the automatic identification system
interface.

3.2 Sea MSI System

The sea MSI system collects and analyzes real-time electronic
data from navigational devices and then fuses and transmits
that information. The system is comprised of an inboard sen-
sor module for collecting electronic data, a safety information
acquisition/fusion/supply module for processing, analysis, and
fusion of acquired information, a safety information communi-
cation module for transmitting safety information to land and
ships at sea.

For ships to navigate safely, effective communication be-
tween ships is essential. In order to construct a reliable system,
electronic data collected from ships involved in actual sea nav-
igation must employ similar navigational devices. For this
purpose, device interface using navigational devices similar to
those of actual merchant ships was designed for installation on
Saenuri, a training ship of Mokpo Maritime University.

3.2.1 Inboard Sensor Module

Ships possess devices position, course, and speed, as well as
devices for determining their locational relationship to other
ships (using Radar, and AIS). In addition, they possess devices
for devices for assessing weather conditions (wind speed, direc-
tion, and current), and devices for receiving safety information
(through text broadcasting). The inboard sensor module was
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Table 3. Interface devices and collected data of the inboard sensor
module

Device (Maker/Type) Interface Major
collected
data

X-Band Radar
(JRC/JMA-9833)

RS232C ARPA target

AIS
(JRC/JHS-180)

RS232C AIS target

Anemometer &
Anemoscope
(DAEYANG)

RS232C Wind speed
and direction

Doppler Sonar
(FURUNO/DS-30)

RS232C Speed,
current

Gyro Compass
(TOKIMEC/TG8000)

RS232C Course

DGPS
(JRC/JLR-7700MK)

RS232C Position

NAVTEX
(SAMYUNG/SNX300]

RS232C Navigation
telex

ARPA, automatic radar plotting aid; AIS, automatic identification
system.

designed based on the operations of these several devices and
the importance of MSI for safe navigation.

The navigation devices used to collect electronic data on the
test ship Saenuri, are listed in Table 3. They were designed to
connect with Radar and AIS for examining maritime situations
involving Saenuri and other ships. In addition, the devices
work in conjunction with Gyro Compass, DGPS, Anemometer
& Anemoscope, and Doppler Sonar for interpreting onboard
data, and NAVTEX for receiving safety information. However,
because NAVTEX used by Saenuri is not supported by NMEA
output, SNX300 of SAMYUNG ENC was separately installed.
All seven devices communicate through NMEA 0183 protocol
by using an RS232C interface.

The circuit diagram of the inboard sensor module is shown
in Figure 5. Because the many navigational devices on the
training ship are connected to one another, if the electronic
chart display & information system (ECDIS) and AIS use the
interface box, they operate efficiently. ECDIS junction box are
an X-Band Radar, Anemometer & Anemoscope, and Doppler
Sonar, while interfaced with the AIS connection box, are the
AIS, Gyro Compass, and DGPS. While the Radar, AIS, and
Gyro compasses are used by many devices, because the levels
of output signals are low, the signal strength is compensated for
by adding a buffer.

Figure 5. Interface circuit diagram of inboard sensor module.

3.2.2 Safety information acquisition/fusion/supply module

The safety information acquisition module analyzes initial in-
formation from interfaced devices. The analyzed results are
first stored in files, and then delivered to the safety information
fusion module and safety information supply modules.

The safety information fusion module stores information ob-
tained from the maritime information database and if necessary,
supplies the safety information supply module with past and
statistical data.

The safety information supply module is composed of ECDIS
kernels and displays the inboard sensor information received
from the safety information acquisition module. If necessary,
this module sends inquiries about information in maritime in-
formation database and uses that information in conjunction
with statistics about low water areas, dangerous targets, and
lighthouses from the ENC database (Figure 6).

3.2.3 Safety information communication module

The safety information communication module is designed
to transmit through AIS both data acquired from the inboard
sensors and data from the maritime information database to
land and ships at sea. In addition, it receives data from land and
sea. As shown in Figure 7, these methods of communication
are accomplished according to NMEA 0183 protocol using the
RS422 interface. Moreover, information received from land
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Figure 6. Structure of the safety information acquisition/fusion/supply
module.

Figure 7. Automatic identification system (AIS) interface of the
safety information communication module.

and ships at sea is delivered to the safety information supply
module.

4. Construction and Test of the MSI Fusion Sys-
tem

4.1 Test Environment for the Land MSI System

The test environment for the land MSI creation and supply
system is shown in Figure 8. The safety information creation
system and database are designed to use one terminal. In addi-
tion, the AIS-ASM transmission and reception program for data
transmission and reception with installed to AIS base-station
equipment through a linked gateway program.

The information in the land MSI system that is to be ex-
changed with ships at sea is provided in Table 4. Traffic and
important weather information such as that related to typhoons
may be transmitted from land to sea, and, in turn, information
related to marine traffic and weather condition may be received
from ships at sea.

4.2 Test Environment for the Sea MSI System

Figure 9 displayed the test environment of the sea MSI system,
installed on the bridge of the training ship Saenuri. The safety
information acquisition/fusion/supply module is comprised of a
single terminal and an ECDIS kernel and maritime information

Figure 8. Test environment of the land maritime safety information
system.

Table 4. Transmission/reception information between land and sea
for the land maritime safety information system

Classification Transmission/reception
information

Land → Sea - Traffic information
- Typhoon information, fire
zone information
- Alarm text message
- Port entry/departure and
members aboard ship

Sea → Land - Obstruction information
around ship
- Real-time wind direction
and speed at ship position

database. An AIS-ASM transmission and reception program
for data transmission and reception with installed to AIS base-
station equipment through liked gateway program. In addition,
real-time information from seven inboard sensors is delivered
to the test terminal through a sensor preprocessing system.

Table 5 listed the functions of the sea MSI fusion and supply
system. Display fusion information from devices about position,
course, speed etc. Other onboard devices provide information
about the locational relationship of ships (using Radar and AIS),
and weather information specific to the ship’s location (wind
direction and speed, current). Devices used for receiving safety
information (through text broadcasting) are also found onboard.
These devices transmit information through the AIS and receive
information necessary for navigation safety from other ships
and from land.

4.3 On-the-Ship Test

On Saenuri’s test voyage out of Mokpo, transmission and re-
ception tests were conducted between land and sea MSI test
terminals. The test conditions, which were the same as the
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Figure 9. Test environment of the sea MSI system.

Table 5. Functions of sea MSI system

Classification Functions
Functions provided to

navigators
- General navigation support
- Guidance to next waypoint
- Guidance to major neighboring
targets (lighthouse, reef, etc.)
- Collision/danger warning to
ships
- Display of past maritime
accident data
- Real-time display of situations in
other sea areas

Functions provided to
other ships and land

- Delivery of danger/target
information to small ships
identified only by radar from The
current ship
- Transmission of local weather
information around the current
ship

conditions of MSP 1 (VTS information service) at the port area
of Mokpo, are listed in Table 6.

As shown in Figure 10, the target course information was
transmitted from the land MSI test terminal to the sea MSI test
terminal, and as shown in Figure 11, the display of a normal
reception was confirmed.

Table 6. On-the-ship test condition
Area MSP Identified service Related MSI
Port 1 VTS information

service
(land→sea)

Transmission of
course information

MSP, maritime service portfolio; MSI, maritime safety information;
VTS, vessel traffic service.

Figure 10. Transmission screen showing course information of the
land maritime safety information test terminal.

Figure 11. Reception screen showing course information of the sea
maritime safety information test terminal.

5. Conclusions and Future Research

IMO has determined that more than 80% of maritime accidents
are caused by human error. A variety of methods have been
considered to reduce maritime accidents caused by such hu-
man error. Various navigational devices have been installed
inside the bridges of ships and navigators observe surround-
ing maritime situations and analyze other information by using
these navigational devices. However, because of worker fatigue
caused by excessive work aboard high-speed ships, loading and
unloading, and excessive paper work for ship operation, safe
navigation is now threatened. Therefore technologies that aid
navigator decision making have been proposed to reduce the
numbers of accidents caused by human factors.

This study proposes a system to safe navigation by assisting
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navigators through the delivery of MSI between land and sea.
The results of this research are summarized as follows.
A land MSI system was constructed that allows safety infor-

mation to be received from the sea and processed on land MSI
is processed and propagated based on the safety information
source database. In addition, a sea MSI system was constructed.
This system receives electronic data related to maritime safety
from seven inboard navigation devices and transmits this infor-
mation to concerned parties on land and sea.

In the future, supplementing the system through long-term
on-the-ship tests is necessary by defining MSI in relation to the
MSP region.

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgements

This research was a part of a project titled “Development of
Intelligent Technology for Marine Accident Protection & Sal-
vage,” funded by the Ministry of Oceans and Fisheries, Korea.

References

[1] Hyundai Merchant Marine, ISM CODE & EMS Regula-
tions, 1997.

[2] H. Kim, S. Na, and W. Ha, “A case study of marine acci-
dent investigation and analysis with focus on human error,”
Journal of the Ergonomics Society of Korea, vol. 30, no. 1,
pp. 137-150, Feb. 2011. http://dx.doi.org/10.5143/JESK.
2011.30.1.137

[3] Korea Maritime Safety Tribunal, “Statics of marine acci-
dent (2009-2013),” Available http://www.kmst.go.kr

[4] J. Y. Cho, J. S. Keum, and W. J. Jang, “A study on the
effects of marine accidents by navigation officers’ fatigue,”
Journal of the Korean Society of Marine Environment and
Safety, vol. 16, no. 2, pp. 201-207, Jun. 2010.

[5] S. Park and G. Kyung, “Improving the integrated bridge
system (IBS) user interface based on human factors guide-
lines,” in Proceedings of the 30th Anniversary of Er-
gonomics Society of Korea & 14th Korea-Japan Joint
Symposium, Jeju, Korea, May 25-26, 2012, pp. 49-52.

[6] J. K. Jeong, “The role and evolution of traditional aids
to navigation in an e-navigation era,” in Proceedings of
Korean Institute of Navigation and Port Research Spring
Conference, 2010, pp. 473-480.

[7] W. S. Shim, J. W. Park, and Y. K. Lim, “The study on the
trend of international standards and the domestic plan to
cope with e-navigation,” Journal of the Korea Institute of
Information and Communication Engineering, vol. 14, no.
5, pp. 1057-1063, May 2010, http://dx.doi.org/10.6109/
jkiice.2010.14.5.1057

[8] International Maritime Organization, “Promulgation of
maritime safety information,” in Resolution A.705(17),
1991. Available http://www.imo.org/blast/blastDataHelper.
asp?data id=24517&filename=A705(17).pdf

[9] International Maritime Organization, “Amendments to
resolution A.705(17): promulgation of maritime safety
information,” in Ref. T2-OSS/1.4 MSC.1./Circ.1287, 2008.
Available http://www.imo.org/blast/blastDataHelper.asp?
data id=24469&filename=1287.pdf

[10] International Maritime Organization, SOLAS Consoli-
dated Edition 2008, London: International Maritime Or-
ganization, 2008.

[11] Telecommunications Technology Association, e-
Navigation Architecture, TTAK.OT-10.0359, 2013.

[12] International Maritime Organization, “Development of
an e-navigation strategy implementation plan,” in Sub-
committee on Navigation, Communications and Search
and Rescue, 1st session Agenda item 9 (NCSR 1/INF.X),
2014.

[13] K. An and I. C. Kim, “Background and prospect on car-
rying position indicating equipment on board by law,” in
Proceeding of Korea Society of Marine Environment and
Safety Fall Conference, November, 2007, pp. 149-152.

[14] G. U. Kim, and G. K. Park, “Preliminary researches for
the deployment of new AIS-ASM service,” Journal of
the Korea Institute of Information and Communication
Engineering, vol. 17, no. 7, pp. 1515-1521, Jul. 2013.
http://dx.doi.org/10.6109/jkiice.2013.17.7.1515

[15] Y. H. Ryu, “Standard trend for NMEA & NMEA2000
protocol,” TTA Journal, no. 126, pp. 52-57, 2009.

111 | Taeho Hong

http://dx.doi.org/10.5143/JESK.2011.30.1.137
http://dx.doi.org/10.5143/JESK.2011.30.1.137
http://www.kmst.go.kr
http://dx.doi.org/10.6109/jkiice.2010.14.5.1057
http://dx.doi.org/10.6109/jkiice.2010.14.5.1057
http://www.imo.org/blast/blastDataHelper.asp?data_id=24517&filename=A705(17).pdf
http://www.imo.org/blast/blastDataHelper.asp?data_id=24517&filename=A705(17).pdf
http://www.imo.org/blast/blastDataHelper.asp?data_id=24469&filename=1287.pdf
http://www.imo.org/blast/blastDataHelper.asp?data_id=24469&filename=1287.pdf
http://dx.doi.org/10.6109/jkiice.2013.17.7.1515


http://dx.doi.org/10.5391/IJFIS.2014.14.2.105

[16] Y. H. Ryu, “Trend for ship standard network protocol,”
TTA Journal, no. 133, pp. 116-121, 2011.

Taeho Hong is a senior research scientist of
KAIMST of Mokpo National Maritime Uni-
versity in Korea. He received B.S. degree in
Nautical Science from Mokpo National Mar-
itime University in 1999. He worked as a Deck

Officer at Hyundai Merchant Marine CO., LTD from 1999 to
2002. He completed course for doctor program of Information

Science and Electrical Engineering from Kyushu University in
Japan in 2012. He research focus includes Maritime Safety,
Intelligent Navigation System, Marine Robot, Electronic Navi-
gation Chart, Aids to Navigation.
E-mail : ds1pnp@mmu.ac.kr

www.ijfis.org Building a Fusion Information System for Safe Navigation | 112


