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information system using AIS data to monitor the move ship orgle e system
consist of data acquisition module, data storage mo ent module,
visualization and monitoring module. The data agguiSitio module tions to receive
AIS data from all vessels within certain radius Stored i tabase by storage

0
Abstract YN
In this paper we describe the development of a web- Sased fram vessel

module and data management module. Then, th&“visualizatidg "module will display
interactively the movement of the vessels. Tlé Yesults sh at marine traffic can be
visualized by the system and mformatlon prowded\ real time manner through

web technology.
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1. Introduction \Q

The potential are pres nt in the oceans, ranging from fish resources and
marine plants to gas c in the bottom layer of the sea. To be able to utilize

regulation, , I ith and weight above a certain value are required to install a
device called XIS to kn identity and position of the vessel.

AIS data consi groups of data, which is data non-geostationary, data
geostationary, igation data. With these data, port authorities can make an
appllcatlon to<peMorm vessel scheduling, vessel loading and unloading. Additional
ignfsuch” as goods that being transported can provided to all stakeholders,
ender and receiver.
ose of this research is to create a web-based framework of vessel information
sing AIS data to monitor the movement of vessel.

" .
Z.Eelated Works

Ristic, et al. [1], built a model based on AIS historical data. Their model was used to
detect the anomalies of vessel movement in port or open sea in real time manner. Vessel
movement was monitored from AIS real time data. Pallota, et al. [2] built a system that
has been called Traffic Route Extraction and Anomaly Detection (TREAD). TREAD was
used to detect the anomalies such as sudden turn of vessel movement, and to predict the
route of vessel. The anomaly here can be interpreted as an attempt to avoid an obstacle
(sea objects or other vessels) or an attempt to delay transit to destination.

these resou el as a me of transportation is required. Based on international
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AIS transmitter — receiver can only communicate through VHF signal and have
distance limitations (up to 25 miles). Yang, et al. [3] built a system that combine AIS data
and satellite imagery. With satellite imagery data, their system can tracked vessel in area
A3. A3 is the sea region which has distance more than 150 miles from the sea shore.
Cervera, et al. [4] established a Low Earth Orbit (LEO) satellite based AIS to overcome
the distance limitations of conventional AIS. Their research was focused on setting the
message rate and message collision when the data was transmit through Low Earth Orbit
(LEO) satellite.

Tetreault, et al. [5] proposed the Maritime Domain Awareness (MDA) concept. All
information that that has been obtained can be used to build a maritime information
system. The information that has been processed by system or to be called awareness can
enhance all monitoring function in maritime domain, such as detecting, classifying,
identifying and tracking function all vessel.

Lin, et al. [6] and Tang, et al. [7] proposed an interconnected AIS system to moWlo

marine traffic and to process all marine data in distribution system. v

3. Vessel Information System
2

Vessel Information System consists of several mai\l?;ﬂponent
acquisition module, data storage module, data mana 0 ,
monitoring module. Figure 1 show the main ce ts of, Systenbeing developed.
Several data acquisition modules can supply data {&-manageme dule. All of the data
can be stored in one or several storage modu support %abi ity and redundancy. In
order to view and monitor all of the data t s been c d and processed, we have

been developed visualization module. ion mogwles and visualization modules are
connected to storage module through plicgli\ ram Interface (API).

5 dule
Data Aci W \ Visualization
g

@( [/ Moule

Data Management Visualization
— Module Module

/ N Visualization

Module

* The Main Components of System Being Developed

Figu
The @Lat has been sent by acquisition module are vessel and port data. Vessel data
contai ic and dynamic data. Static vessel data describe all specification about the
d dynamic vessel data describe the information about position and navigation of
ssel. Port data contain information about port specification and port call. Port call is
the port data that related to the vessel such as total vessel inside port, vessel departure
time, vessel arrival time. Based from all those data, we design the relational database as
shown in Figure 2.
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ﬂ g imis4 ship_history
¢ id - int(11)

# ship_id : int(11)

# lat : float

# Ing : float

# speed : float

# cog : float

@ eta : timestamp

@ time : timestamp

# current_port - int(11)
# destination : int(11)
@ status : varchar(255)

ﬂg imts4. port

¢ id - int(11)

# region : int(11)

@ country : varchar{265)

@ unlocode : varchar(20)

@ port_name : varchar(255)
# lat : float

# Ing : float

Figure 2. Table Relation Dlagram

Several of vessel data need to be

vessel direction, vessel movement state, and vesse
data, vessel direction and vessel movement state
receiver. But there are several scenario where our A

we need to calculate direction and

movement state can be obtained from

movem te mam%s
obtained from comparing the current ye@ ition a t
I

specific radius from vessel current p
3.

curr§_port!: ul \.:
(g destination =K
‘0‘<Ea§ng ‘wnation = null
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nq imts4. ship

@ id - int(11)

@ name - varchar(255)

# type - int(11)

@ type_name - varchar(255)

nq imts4. countries

' g name : varchar(50)
@ alpha_2 : varchar(2)
@ alpha_3 : varchar(3)

@ flag : varchar(255) -
# imo - int{11)

# mssi - int{11)

@ callsign : varchar(255)

# length - float

# width - float

# height - float

# deadweight - float

# gross_tonnage - float

n o imts4. user_login
2 id - int(11)
@ user_name : varchar(255)

@ user_email : varchar(255)
@ user_password : varchar(255)

ase, such as
. Some of those
prowded by AIS
t send those data, so
Vessel direction can be
vessel position. Vessel

t data and position based from
ment state can be seen in Figure

processed before i nto our

e
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ng all
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%ata Acquisition Module

Figure 3.

Vessel State Diagram

Data related to the vessel is emitted continuously by AIS transmitter and modulated
using Time Division Multiplexing (TDM). AIS receiver capture those signal and convert
it into data related those vessel. Data from those vessel can be used various stakeholders.

Data acquisition module is used

to accommodate all sensor needed for the system.

Currently the main sensor used in the system is Automatic Identification System (AIS).
AIS receiver is able to capture radio signals containing important information. All the
data that has been obtained by acquisition module will be sent to management module
through our API
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3.1. Data Storage and Management Module

This module is devote to store and process the data required by the system. All the
input data is obtained from data acquisition module. This module acts as a bridge of
several modules that are built so that it can work in synergy. This is done by our API,
illustrated in Figure 4, so that the system can communicate with other programs using
HTTP methods such as POST, GET, PUT, DELETE via URL with parameters which are
specified. POST call to vessel and port API can be used to retrieve vessel data, port data
and vessel history which can be seen in Table 1 and Table 2.

Data Acquisition POST Data Data Management

Module T Module
Vessel History

Figure 4. Acquisition — Management Web Service

| POST http://server address/api/ships 0

Table 1. POST Ship (Vessel) SpeC|f ar&&

Parameter Nilai Descrlptl n

data 1 ID for ?emﬂcaﬂon% v
name string ShQ{L o

imo integer oll\@

mssi integer

callsign string{ «2allsigr, §\.

flag Q’[V%“ Country Gede

type s\ri Shi e

deadweight at  { Peatweight

gross - tonngﬂ float X\v 0ss Tonnage
13% P (Vessel) History Parameters

Paramietel i Description

listor) ID for ship history
Id e - - -
lat

integer ID (unique) for ship
float Ship Latitude
Ing ,(\v float Ship Longtitude
speedy, * float Ship Velocity
%mt _port integer ID (unique) for current port
( ation integer ID (unique) for port destination

ill deliver a successful response if the data sent in accordance with specified
eters, otherwise it will raise an error response.
3.3. Monitoring and Visualization Module

This module is built specifically to handle how to visualize the data that has been
processed and the data obtained from data acquisition module. The main information
displayed on this module is a geographic information system (GIS). Figure 5 show all
layers that has been supported. Table 3 show all parameter that need to be specified in
order to get vessel or port data.
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Vessel & Port Data
Vessel History
REQUEST Data
Data Management Visualization
Module Module
GET Data
Query Data I

Figure 5. Management — Visualization Web service

| GET http://server address/api/ships

| GET http://server address/api/ports

Table 3. GET Vessel or Port Parameters

Parameter Nilai Description o~
Id integer
lat1 float N
lat2 float vie X}
Ingl float
Ing2 float
portcall “ship_in”, p- port S
(portonly) | “arrivals”, Q .
“departures”y \
“expected _prl

\/‘
Port / ship Unique ID (<9E

Figure 6 show the servic
module with their purpose.
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Figure 6. Visualization Page Diagram

3.4. Administration Web Services

This module provides an easy data access for administrator and developer. All the data
with sufficient authentication can be modified into certain degree. All basic operation for
each data has been supported. Our system has support Create Retrieve Update Delete
(CRUD) model for each table. Figure 7 show relationship between administrator client
and all of our modules. User with sufficient authentication can do CRUD operation in all

of our data.
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Data Acquisition

POST/REQUEST Data
Module

CRUD All Data f

Storage /I Administrator

POST/REQUEST D -
Module /RED) e Client

CRUD All Data f

Data Management POST/REQUEST Data

Module CRUD All Data f

Figure 7. Administration Web Services

At user page, administrator may insert and edit a new vessel and port data. As a
developer who wants to connect with our system through our API, authenticationakey is»

needed for every API call. v
3.5. Web Client 0
*
Web-based vessel monitoring system has been develo online e to support
all stakeholders who required to monitor their vesse rts. \Fi 8 show user
I an

interface of the system to view sea region with th % r system already
provided almost all ports around the world and mo n 5000 vessel.
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G&gure 8. Map Visualization Page
Figure 8 sho el was visualized using an icon ship as a marker. Color marker
vessel varies a ing the type of vessel. When there are several markers were too close
together, e will be grouping on those markers into a cluster marker with the info
number arkers present in that group. When user focus on one group, the map will

'$ safly be enlarged to a level where the position marker in the group are separated.
e right top of Figure 8 also shows the history of each vessel that visualized
gh stripe lines which is connected from one location to the other. At right bottom of
Figure 8 show user interface (UI) for all vessel and port in table view. Those tables can be
used for searching and filtering for each column that has already been provided.

4. Conclusion

We have presented the development of Web-based Framework of marine traffic
Information System using AIS Data. The system consists of the data acquisition part and
data processing part in the center part. Data from a single acquisition device utilizing AIS
receiver can deliver vessels movement dynamically, and the data processing part in the
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server can visualized the vessels movement in a real time manner. Adding another
acquisition can be done and the proposed system can visualize wider area. This result
confirms that adding acquisition device is trivial. Hence, development of Web-based
Framework of marine traffic Information System using AIS Data is feasible.

Acknowledgments

We thank to Directorate General of Higher Education, DIKTI, Ministry of Research

Technology and Higher Education for providing grant to this research.

References

[1] R. Branko, “Statistical analysis of motion patterns in AIS data: Anomaly detection and motion
prediction”, Information Fusion, 2008 11th International Conference on. IEEE, (2008).

[2] P. Giuliana, M. Vespe, and K. Bryan, “Vessel pattern knowledge discovery from ais data: A fratewogk”
for anomaly detection and route prediction”, Entropy, vol. 15, no. 6, (2013), pp. 2218-2245.

[3] C. Yang, “An Integrated Vessel Tracking System by Using AIS”, Inmarsat ands€hind Beidou
Navigation Satellite System, (2012). Q

[4] A.C. Miguel, A. Ginesi and K. Eckstein, “Satellite-based vessel Altomatic Ideptifi System: A
feasibility and performance analysis”, International Journa\ atellite nications and
Networking, vol. 29, no. 2, (2011), pp. 117-142.

[5] B. J. Tetreault, “Use of the Automatic Identification AlS) fo mM domain awareness
(MDA)”, OCEANS, 2005. Proceedings of MTS/IEEE. | 005).

[6] L. Changchuan, “AlS system and the applications harbor t management”, Wireless

(7]

Communications, Networking and Mobile Computjfiy, 2008. V\iiC '08. 4th International Conference

on. IEEE, (2008).
T. Cunbao and Z. Shao, “Data mining m@based on AINata”, International Conference on

Transportation Engineering 2009. ASCE, % . \®
A ’\(0

Copyright © 2016 SERSC 117



Internat ional Journal | of Multimedia and Ubiqguitous Engineering
Vol.11, No.10 (2016)

118 Copyright © 2016 SERSC





