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Abstract - In this paper, we implemented a safety navigation mobile application that converged AtoN intormation and location—based
services. When application user uses the smartphone’s GPS sensor to transmit the user’s vessel location data to the data server, the user
recerves information of which its providing range is considered, such as stored AtoN data, neighboring vessels information, danger area,
and weather information in the server. Providing information is sorted based on the smartphone’s direction and inclination and it will be
also delivered via wireless network (5G, LTE, 3G, WiFi). Additionally the application is available to implement other fiinctions such as
Information provision through voice and text alarming service when the user’s vessel is either approaching or entering the danger area,
and an expanded information provision service that is available in shadow area linking with data—storing methods; other linkable data
such as weather and other neighboring vessels will be applied based on the lasted-saved data perceived from the non—shadow area.

Key words - Wireless Network, Location-Based Service(LBS), Aids to Navigation(AtoN), Navigation-informative, Mobile Application

1. Introduction

Mobile platforms prior to smartphones were in the form
of older feature phones that only exchanged voice calls or
text messages. However, with the advent of smartphones,
the paradigm of the mobile platform has changed
dramatically. In addition to the functions of the previous
feature phones, which only send and receive voice calls or
text messages, smartphones use various sensors of
smartphones to create applications that users need and

upload them to the mobile platform. But other users who

need it can also download and use it on mobile
platforms(Jeong, 2010; The Korean Institute of
Communications and Information Sciences, 2009). In

addition, since the mobile platform can communicate not
only with smartphones but also with things that can be
seen around us, such as the Internet of Things(IoT) and
the Internet of Everything(IoE), researches are progressing
to actualize the introduction and implementation of the IoT.
In addition, technologies such as Argument Reality(AR) and
Virtual Reality(VR) have emerged, and researches for
solving safe navigation using these technologies have been
conducted in various ways(Kim, 2015; Kim, 2017).

The fishery information alert, which is currently operated
by Suhyup, has an information mobile service in the field of

fishermen’s safety to be used for the fishery safety
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information service through an immediate telephone
connection service and a push message in case of an
emergency (National Federation of Fisheries Cooperatives,
2015).

In this paper, two main goals were proceeded: accepting
the needs of 4th industrial society, solving safe navigation.
In other words, this paper proposes solution to solve the
social problem of collision of small ships that are not
equipped with AIS(Automatic Identification System) and
VHF-DSC system that informs the position of ships based
on reflecting the demands of the current era of radical
changes in the IT society(Choi, 2013; Lim, 2012). In
addition, this application is intended to be implemented in
navigational safety mobile application that combines more
realistic and efficient AtoN(Aids to Navigation) information
and location-based services by utilizing server and client

communication and smartphone sensor and GPS technology.

2. Mobile Application

Mobile Application is expanding rapidly due to the
development of smart devices such as smartphones and
tablets, and the expansions of wireless Internet supplies.
Among the sensors mounted in smart devices, cameras,
data communication, GPS sensors, tilt sensors, and digital

compasses, which can be applied to mobile applications, are
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starting to be

mobile services. Location-based mobile service, which are

installed, enabling maritime information

being actively researched in recent years, mostly use
technology based on sensor-based tracking(Kim, 2013;
Song, 2012).

2.1 Location-based Mobile Application

The main technologies required for the implementation of
location-based mobile application are tracking technology
for the user’s position, direction, and movement, registration
technology which creates virtual object through computer
graphic and accurately place the object on the actual image
location, and User Interface technology which handles
interaction with the user, such as display, etc(Kim, 2009).

GPS Module
(Positioning)
N Rendering Module
(Danger zone)
ENC Display Area Dosiion L Merging Module
using Sensor R R = (Marker + ENC)
M Rendering Module
(AtoN) l

Display

Fig. 1 Location-based service configuration

For mobile application, as shown in the Figure 1, the
AtoN location and danger area, which are perceived by
GSP module from rendering module, will be displayed with
notification mark through merging module transferred from
DB server. Those perceived data will be displayed if the
user transmits display area of ENC(Electronic Navigational
Chart) and others measured by the tilt of smartphones and

orientation sensors.

2.2 Navigation Safety Information Scenario

The scenarios that can generate data using various

sensor technologies such as GPS, tilt sensor, and
orientation sensor installed on smartphones, and receive
accurate information about the wuser’s surrounding

environment and navigation safety information are shown
in Table 1.

Table 1 Navigation safety information scenario

Contents Menu

Electronic Navigation
Chart View, AtoN
Failure

Scenario for provision of
navigation information by
recognizing a specific location

Scenario for provision of
weather forecasting
information

Weather forecasting by
weather buoy or
Meteorological Agency

Dangerous area, text
notification and voice
alert of safety
navigation information

Scenario for provision of
dangerous area information

General settings,
Notification settings,
Location information
settings,

Application Information

Settings

3. Application that combines marine
environment information and
location-based services

3.1 Application

As shown in Figure 2, users can search the AtoN,
navigation history, weather forecasts, and dangerous areas
by using data server via wireless communication network
(5G, LTE, 3G, Wifi). In addition, users can quickly and
easily process maintenance and management tasks by
registering the presence or absence of the AtoN failure in

the application as real—time.

Data Semver

Application
Wireless Server

MNetwork

Internet . E
=i

Smartphone Control System
- Mavigation Information

- Weather Information

. - Dangerous Information etc.

- Setting

Fig. 2 The system configuration that is based on the
location

It is possible to promote the safety of ship operation by
providing information to users by checking the location and
ship type of surrounding small ships without AIS in real
time.

Figure 3(a) shows the user’s desired area by calculating
the user’s location information using GPS, the left and right

width using the digital compass, and the distance using the
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tilt sensor. It is possible to express data for providing and
managing AtoN information within its area. In Figure 3(b),
when the ship’s rowing and pitching is so severe that the
sensor of the smartphone cannot be used, the distance and

direction can be manually manipulated.

Finding the direction
by Digital Compass

Finding the
distance by tilt
Sensor

* Finding locationwith GPS

(a) Smartphone’s Sensors

Distance
P ok

Direction
e ®

N T xcance) |

(b) Manual Operation

Fig. 3 Desired area settings using Smartphone’s sensors,

manual operation

3.2 System Modeling

1) System Configuration

Figure 4 shows the system diagram of ‘BadaGO’, the
implemented application. The BadaGO application consists
of four components. The first component 1is a database
that AtoN

information and dangerous area information, user's report

adapter component requests or reports
information from the server’'s database. The second is an
S-ENC viewer component converts the data of the
ENC(electronic navigational chart) to S-ENC and outputs it
to the screen. The Third is a weather adapter component
that requests information of weather forecast and weather
bouy through the Meteorological Agency APIL The last is
an Ul component that displays received information on the
screen, and information are from the database component,
the ENC viewer component, and the weather adapter

component on the screen.

Daily Weather Information
Weather Information by Buoy

Metecrolegical - .
Agency .

Wireless
Network

- Database
Adepter :
= ! AtoN INFORMATION !
. + Informationand Status
S-ENC Viewer of AtoN
+ Dangerous

Area(provided by Korea
Maritime Police Agency)
Dangerous and

Accident Report History

System

Conversion

Mobile Application

Fig. 4 An implemented system configuration for BadaGO

application

Figure 5 shows the software structure according to the
system configuration. It consists of a server that stores DB,
an application server that loads DB, and a mobile client.
The mobile client is configured to call the Meteorological
Agency API to receive weather data and display sea

information on the screen.

DB Server Application Server
(MariaDB) (RESTfulWeb Service)

Data Server Module [i=
T [
Malfunction

Report Module

Breakdown/Repair
History

Mobile Client

H

Alarm Module Buoy
(Audible + Visible) Management Module

i "
Monitoring Module Data Access Module
(danger zone) (REST + JSON)

o0 Hodie w Position Logger
(Positioning) ggi
!
ENC Storage ENC Viewer Ship Track Viewer
(Buoy + Sea)

<
HTTP

Weather Module
(MA AP + Parser)

Meteorological
Agency

Fig. 5 Software architecture of BadaGO application

2) Database Modeling

Figure 6 shows the modeling among databases. It
consists of nine database tables that includes the buoy keys
tables, unmanned lighthouse data tables, racon data tables,

manned lighthouse data tables, buoy data tables, fog signal
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data tables, fault reporting data tables(Malfunction_Info),
danger zone data tables and danger zone report data tables.
Of these, the buoy keys tables contain information about
the numbers and types of all the AtoN. Therefore, the
AtoN data corresponding to the AtoN numbers in the buoy

keys tables are searched for.

Location-Based Service

The electronic navigational chart converts the electronic
chart(S-57) data to S-ENC in the SENC module. The
converted data is converted into an electronic chart through
the SENC Viewer and displayed on the smartphone screen
by applying the visualization settings set by the user

through the UI module. The setting screen of Electronic

chart is shown in Figure 8.

Fig. 6 Database modeling

Figure 7 shows the database development screen of

established database tables using HeidiSQL, an open source

client.
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Fig. 7 Development screen of database

4. Results

4.1 Mobile Electronic Navigational Chart

BY_BOUY_KEYS BY_MALFUNCTION_INFO
light_no : INT malfunction_id : INT - -
BY_UNMANNED, LH type : INT * light_no : INT s L @ 528
Tight.no : INT camment : VARCHAR(80) 1 create_dt :DATEHME o] HE| Settings
chartno: INT ——i £
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Q mEsd HE 27|
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Fig. 8 Setting screen of Electronic chart

4.2 Aids to Navigation
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Fig. 9 Detailed information of aid to navigation

The AtoN details shown in Figure 9 are identified by the
number of AtoN selected by the user in the buoy keys
tables, which are built into the system database in the
The detailed AtoN

database adapter. information is
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displayed on the user’s smartphone screen through the UI

module.

4.3 Weather forecast

Figure 10 shows the screen displayed on the user’s
smartphone after receiving the weather information from
the meteorological buoy. The maritime meteorological

information displays marine meteorological information
supplied from the meteorological buoy, etc. on the user’s

smartphone screen through XML parsing in the Ul module.

T R TTTT N T T7

o) - ek

« |«
b «
= & ¥
£33 M
= 9.9m/s
+2: 175°%€C = - =
oz 1w e [ " % «
A{0ETD 22m - il 3
Fig. 10 Weather forecast for sea area
4.4 Safety Navigation
©
Fig. 11 Danger zone for navigation
Maritime  safety navigation information  delivers

navigation dangerous area information adjacent to the
current position in the danger zone data tables built in the
system database in the database adapter. The navigation
dangerous area information is displayed on the electronic
chart through the Ul module and displayed on the user’s
smartphone screen. Figure 11 shows the dangerous area

display, the dangerous area information is displayed by the

electronic chart and user report.

Figure 12 shows the marine safety navigation
information from the database adapter that retrieves the
navigation dangerous area information adjacent to the
current location from the danger zone data tables built in
the system database. Navigation dangerous area information
is displayed on the electronic chart through the UI module
to be displayed on the user’s smartphone screen and guided

to the user by voice.

0.0 kmih

360444083
129.5070100

ching a dangerous area !

Fig. 12 Notification and voice message for dangerous area

4.5 Dangerous Area and AtoN Disorder Report

Navigation of dangerous areas is reported directly by the
user who navigates the danger area. When the risk
information is reported through the application, the report
on the dangerous area is updated by performing a system
adapter through the database adapter. The administrator
checks the updated contents and updates the navigation
danger zone database so that the reported dangerous area
can be guided to the wuser. The wuser’'s location is
automatically updated in the database using the GPS
module of the smartphone rather than being created by the
reporter.

Figure 13 shows the navigational dangerous area
reporting screen the user has provided to the user’s
smartphone to report the navigational dangerous area.

In the case of disability report, the user directly reports
the disability of the AtoN. When the failure details are
reported through the application, the AtoN failure report
details are updated in the system database through the
database adapter. When the administrator checks the

updated contents, the administrator takes action on the fault
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history and updates the history of the failure in the system

database.

HYXIAEE

AZXIHu

ME8 X (Lat:37.31359,
Lon:126.64523)8 HXIAC2 M1
StAASLP

Fig. 13 Report dangerous areas
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Fig. 14 Report failure of aid to navigation

Figure 14 shows the screen of the AtoN failure report
screen that the user provided to the user’'s smartphone to
report the AtoN failure history.

5. Conclusion

In order to implement ships to navigate safely, it is
important to receive the condition of the route through the
AIS. Even Ships without AIS also require information,

including the ship’s dimensions, type, location, route status

and other safety information. Therefore, Badago application
can be easily provided with all the information necessary for
navigation using a smartphone.

BadaGO, a

information providing service for navigators and ordinary

Some components  of safe-navigation
people who sail on small vessels, are implemented in a form
that can be applied as augmented reality components or UI
components. Not only the location, history management, and
status information on the AtoN facilities can be managed in
real time using a smartphone, but also failures, losses and

damages can be responded quickly.
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