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Abstract: The proposed project target is to develop an integrated experimental system for monitoring moving or stationary, marine, land
and air targets and displaying the information about these objects on an electronic chart[1]-[7]. The proposed system will improve the
capabilities of the Romanian authorities to incidents and accidents at sea, performing search and rescue missions, and will help to
prevent loss of life and to conserve marine flora and fauna in protected areas.

The Logical architecture of the proposed system is a flexible

architecture that allows system reconfiguration and extent

depending on the mission specific. This will consist of:

- Maritime Segment contains AIS sub segment and
Underwater sub segment;

- Land Segment contains GPS - Land Tracking System
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AIS Module

The proposed system will respect specific national procedures.
Therefore the system contains a high performance AIS
receiver capable of receiving AIS information from ships
equipped with AIS transmitters. The AIS receiver must be easy
to install necessitating only the coupling of a VHF antenna and
a personal computer. The AlS receiver must be compatible
with any ECDIS (Electronic Chart Display Information System)
system capable of processing AIS NMEA 0183 phrases. The
equipment should be conforming to IEC954/EN60954 and
ITU1371-1, IEC61993, IEC 61162-2[8], [9].

Application functionality:

System should be comprised of a unique server component
and mobile instances. The server component should have the
following characteristics:

The AIS server is a unique software component with the function
of routing messages among clients connected to the network.
The server is responsible for establishing and maintaining the
connection with the mobile AIS systems defined under it. The
AIS messages should be decoded and transmitted in a
compressed form from the mobile systems to the central server.
The transmission should be possible over any media including
internet in a secure mode.

The transmission of data from a mobile AIS system to the
central server should be made in real-time selectively through
Ethernet, GPRS, 3G or CDMA. The time interval at which ship
dynamic data are communicated should be in the frame of 2 to
10 seconds. Between the mobile AIS systems and the central
AIS will be circulated data processed locally on the base
station in such a manner that a 9 kbps channel could be used.
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The mobile system should be able to function both standalone
and client-server,;

The mobile system should be operable and accessible in any
point of the globe through commercial communications;

The system should be able to display on a digital map ship
positions and the information transmitted by their AIS
transponder;

Between several mobile consoles of the system the following
interactions should be possible:

-secure chat message exchange;

-display of tactical drawing visible to all the members of the
mobile units network in real time;

-the display of ships should be superimposed over a digital
map that should be loadable from local and public sources;
-the console will have a multilingual user interface (Romanian,
English, French, German and Spanish);

-the console should be able to load and display drawings
external to the system geographically referenced and scalable;
-the data received from the ships should be saved in a
database;

-the database should allow for the following reporting
mechanisms: MMSI display, MMSI historical display of
successive positions for the duration of the monitoring action;
-highlighting of a monitored MMSI within certain geographical
boundaries, reports regarding ship traffic relative to certain AlIS
sensors, ship type reports;

Underwater segment will be realized from Land Tracking
segment on a floating platform interfaced with a
hydrophone. The segment transmits acquisitioned data
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from the hydrophone when the surveillance area is
violated.

GPS - Land Tracking System

The GPS Land Tracking System must be a Java based
product built around a core of GIS functionalities. This core
should allow for the import and display of maps and geo-
referenced satellite images. In addition the system should
have the capability of zooming and panning and the ability to
work with multiple information layers associated to map
positions[3], [5]-[7], [9]-[11].

Another module should cover remote detection.

The module should integrate remote detection sensors like
telemetry, gyro, angular and magnetic sensors display the
vehicles attitude about its center of mass and its orientation by
magnetic north. In addition following the acquisition of targets it
should be able to display and qualify these targets. All this
information must be replicated between all networked
consoles. The operators of the consoles should also be able to
use a chat to exchange information between them.

The information should be replicated between the systems'
consoles using both Ethernet networks and GPRS/3G. This
should be achieved through a module which facilitates data
exchanges over Ethernet and GPRS/3G with a central server
specially designed for gathering and distributing the
information from consoles and sensors.

RADAR EXTRACTOR and ASTERIX Module

The module should be based on high-tech COTS elements, in
order to offer an affordable way to include analogue radars in
modern air control systems. The RADAR module should
transform the analog RADAR data into digital format (plots and
tracks), being able to send the information using various digital
channels[8], [12]-[15]. Usage: For analogue RADARs mainly
(but it should also be configurable to use digital interface)
The module should have the following functions:

- video-frequency radar signal processing;

- automatic data extraction, track generation and
automatic track following;

- correlating information received from a secondary
radar with information from primary radar;

- display radar information (primary video signal and
additionally generated signals);

- recording of air situation over a period of minimum
24 hours, with continuous update, archiving and display of
archived information;

- simultaneous information transmission over:

- a serial synchronous link using EUROCONTROL-ASTERIX

protocol.

- an Ethernet LAN connection using Asterix protocol with
TCP/IP connection or UDP multicast packets.

ASTERIX Module

The Asterix module should be comprised of a generator/
simulator component and a viewer component.
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The generator/ simulator component should be a program
which simulates real radar and generates Asterix Messages.
This program should create and transmit Asterix messages
(cat 1 and cat 48) on UDP port 1500 to everyone (broadcast)
as described on the Eurocontrol web site.

The ASTERIX messages should be generated at a 3 seconds

rate and such should be the update of the targets on the map.

The ASTERIX message generating program should be

operated/launched also on/from another machine in the

network (must be same LAN for now) and the viewing
component should be on another machine as long as traffic
over the UDP port 15000 is allowed.

Asterix Viewer

This should be a component which receives Asterix Messages

over UDP. It should load maps and display over them tracks

extracted from the Asterix Messages.

The interface: the viewing application should be developed in

Java.

Tracks: should be plotted using APP6 standard symbols and

next to them should be printed relevant information like track

number, altitude and speed. There should also be a vector

reflecting the direction in which the track is moving[5], [12],

[16], [17].

Logical architecture of the system proposed by the project will

consist of:

- AIS segment developed within the project is for reception
and transmission through network of the AIS information
transmitted by the on board transceivers.
IMO(International Maritime Organization) require all
states to install IAIS transceiver onboard. The AIS
platform includes AIS Antenna, AIS Receiver, AIS
Decoder and Client Application with GIS Support.

- Land segment developed within the project is intended for
reception and network transmission of information about
moving or stationary land objects. Land platform includes
GPS Antenna, GPRS Antenna, GPS Module,GPRS
Module,Controller and Client Application with GIS
Support.

- Air segment of the project is developed for video, antenna
position and timings ignal processing transmitted by
RADAR modulator to RADAR extractor and conversed in
Asterix and NMEA format. Airplat form includes RADAR
extractor, Asterix Module, NMEA, Client Application with
GIS Support.

- Under water segment developed within the projectis
meant to signal the presence of water target that enter
the surveillance area without calculate the object
coordinates. The module comprises and module
disposed on the floating platform and hydrophone, Client
Application with GIS.The module can be developed for
other applications. The applications could be diversified
by integrating a burglaryorfire sensor.



“Mircea cel Batran” Naval Academy Scientific Bulletin, Volume XVIIl — 2015 — Issue 1
Published by “Mircea cel Batran” Naval Academy Press, Constanta, Romania // The journal is indexed in:
PROQUEST SciTech Journals, PROQUEST Engineering Journals, PROQUEST lllustrata: Technology, PROQUEST Technology
Journals, PROQUEST Military Collection PROQUEST Advanced Technologies & Aerospace

- I dﬂ
I AIS H
: Transceiv I dﬂ

L . |
[ - [
GPRS :7
AIS uContro modul I
Antan "er I I
——————— GPS I
1
: # I modul I
AIS I I
: Receiver : _-=r "= - =TT
U v e
I AlS : : i_?%fg;sn, v AntF;nn :
: Decoder : ; . I
— o |
I * TCPiP TCPIIP|
connecti i
T connecti
| |
|
|
' ' TCP/IP I
: connectj I
I I ST
| |
| |
| |
- - TCPAP 1 TCP/IP
connecti L _connecti_,
|
— e — — —v —————
Client side

Figure 2 Block diagram

145



“Mircea cel Batran” Naval Academy Scientific Bulletin, Volume XVIII — 2015 — Issue 1
Published by “Mircea cel Batran” Naval Academy Press, Constanta, Romania // The journal is indexed in:

PROQUEST SciTech Journals, PROQUEST Engineering Journals, PROQUEST lllustrata: Technology, PROQUEST Technology

Journals, PROQUEST Military Collection PROQUEST Advanced Technologies & Aerospace

Bibliography

(1]
[2
(3]
[4]
(5]
(6]
(7]
(8]

9]

[10]
[11]
[12]
[13]
[14]
(18]
[16]

[17]

M. Stula, D. Krstinic, and L. Seric, “Intelligent forest fire monitoring system,” Inf. Syst. Front., vol. 14, no. 3, pp. 725-739, Mar.
2011.

L. Pike, N. Wegmann, S. Niller, and A. Goodloe, “Copilot: monitoring embedded systems,” Innov. Syst. Softw. Eng., vol. 9, no.
4, pp. 235-255, Aug. 2013.

A. Kumar, H. Kim, and G. P. Hancke, “Environmental Monitoring Systems: A Review,” IEEE Sens. J., vol. 13, no. 4, pp. 1329—
1339, Apr. 2013.

N. Kularatna and B. H. Sudantha, “An Environmental Air Pollution Monitoring System Based on the IEEE 1451 Standard for
Low Cost Requirements,” IEEE Sens. J., vol. 8, no. 4, pp. 415-422, 2008.

Y. K. Y. Kim, R. G. Evans, and W. M. Iversen, “Remote Sensing and Control of an Irrigation System Using a Distributed
Wireless Sensor Network,” IEEE Trans. Instrum. Meas., vol. 57, no. 7, pp. 1379-1387, 2008.

H. C. Lee, A. Banerjee, Y. M. Fang, B. J. Lee, and C. T. King, “Design of a multifunctional wireless sensor for in-situ monitoring
of debris flows,” IEEE Trans. Instrum. Meas., vol. 59, no. 11, pp. 2958-2967, 2010.

H. Liu, Z. Meng, and M. Wang, “A Wireless Sensor Network for Cropland Environmental Monitoring,” vol. 58, no. 5, p. 2010,
2009.

F. Papi, G. Aulicino, A. Vollero, F. Oliveri, D. Tarchi, F. Borghese, and M. Vespe, “Radiolocation and tracking of automatic
identification system signals for maritime situational awareness,” IET Radar, Sonar Navig., vol. 9, no. 5, pp. 568-580, Jun.
2015.

R. Schmidt, A. Gagnon, and D. Allcock, “Maritime Containers Tracking Trial Results,” IEEE Aerosp. Electron. Syst. Mag., vol.
24, no. 9, pp. 10-14, Sep. 2009.

H. Senga, N. Kato, A. Ito, H. Niou, M. Yoshie, I. Fujita, K. Igarashi, and E. Okuyama, “Spilled Oil Tracking Autonomous Buoy
System,” Adv. Robot., vol. 23, no. 9, pp. 1103-1129, Jan. 2009.

H. M. G. Ramos, J. M. D. Pereira, V. Viegas, O. Postolache, and P. M. B. S. Girao, “A virtual instrument to test smart
transducer interface modules (STIMs),” IEEE Trans. Instrum. Meas., vol. 53, no. 4, pp. 1232-1239, 2004.

D. Tiranti, R. Cremonini, F. Marco, A. R. Gaeta, and S. Barbero, “The DEFENSE (debris Flows triggEred by storms —
nowcasting system): An early warning system for torrential processes by radar storm tracking using a Geographic Information
System (GIS),” Comput. Geosci., vol. 70, pp. 96-109, Sep. 2014.

G. F. Floyd, “Radar Tracking Systems,” Trans. IRE Prof. Gr. Aeronaut. Navig. Electron., vol. PGAE-8, p. 5—a-5-a, Jun. 1953.
M. Klein and N. Millet, “Multireceiver passive radar tracking,” IEEE Aerosp. Electron. Syst. Mag., vol. 27, no. 10, pp. 2636,
Oct. 2012.

R. M. O’'Donnell and C. E. Muehe, “Automated Tracking for Aircraft Surveillance Radar Systems,” IEEE Trans. Aerosp.
Electron. Syst., vol. AES-15, no. 4, pp. 508-517, Jul. 1979.

O. Aloquili, A. Elbanna, and A. Al-Azizi, “Automatic vehicle location tracking system based on GIS environment,” IET Softw.,
vol. 3, no. 4, p. 255, 2009.

N. Shoval and M. Isaacson, “Tracking tourists in the digital age,” Ann. Tour. Res., vol. 34, no. 1, pp. 141-159, Jan. 2007.

146



