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1 ABSTRACT

This paper introduces the problems of substantiaéind development of the new generation of Vessel
Traffic Control Systems (VTCS), together with thetgntial of intelligent-based Geographic Informatio
System (GIS). Nowadays, it is almost impossiblériagine not only World economics life but also gver
local economics and social life of human populatiathout sea trade exchanging. The maritime domain
generates activities in harbours and coastal dheaisannot be considered from a unique econorpimal

of view. The maritime environment involves a widmge of crucial problems such as navigation safety,
ecological safety, counter — terrorist's activifiezonomical effectiveness and many others. Suge hu
informational streams largely surpass current diipab of VTCS as these systems still rely on basi
information models and technical facilities, thusking their potential not effective to deal witheth
diversity and importance of the issues to addréberefore, there is an urgent need to explore novel
information infrastructures and software solutidghat will allow maritime authorities and plannes t
effectively address the large range of issues aatlenges faced by the sea. The research presentieid
paper advocates a close integration of GIS and VI®@&rds what can be considered as an intelligent
engine. The work presented combines the experi@ic8PIIRAS in the development of theoretical
foundations and infrastructures, with the one & Meaval Academy Research Institute in France whose
developments specifically concern the integratiorGtS and maritime navigation systems. Several case
studies illustrate the approach from VTCS develdpedt-Petersburg and Brest Harbours, and foGhié

of Finland and the Atlantic Ocean.

2 INTRODUCTION

Advances in telecommunication and positioning systeoroviding maritime location-based information
accessible either in real-time or through largetreérdatabases offer new perspectives and chaletme
maritime GIS and transportation research. Suctesystre of great interest for many maritime apptoa
oriented to the monitoring, management and analykiactivities in harbours and coastal as well as f
maritime traffic and transportation.

One of the current limitations to the developmehnintegrated Traffic Control and GIS systems relieshe
fact that current GIS models, software and interfacdo not yet provide intelligent engines able to
understand complex maritime behaviours and pattdimis poor level of integration of GIS capabilgies
often the result of the different paradigms usethiwiGIS and maritime systems, and the resultirat) tzat

the development of integrated solutions implies thalesign of existing software solutions. Moregver
current GISs are not adapted to the managemengrangdc phenomena due to the lack of modelling and
processing interoperability with real-time navigati systems. The development of real-time GISs,
characterized by a high frequency of changes, espk reconsideration of the storage, modelling,
manipulation, analysis and visualization functiavisereas current GIS models and architectures have n
been preliminarily designed to handle such dyngrhiEnomena.

Safety and security are constant concerns of mrainavigation, especially when considering the t@ots
growth of maritime traffic around the world, anchstant decrease of crews on decks. This has fay@une:
led to the development of automated monitoringesystsuch as the Automatic Identification SystenSjAl
Long Range lIdentification Tracking (LRIT) and thde&ronic Chart Display and Information System
(ECDIS) as a support of electronic mapping servi¢éswever, officers on the watch and monitoring
authorities still require the development of adwhdecision-aid solutions and analyses integratiéuiny
intelligent Vessel Traffic Control Systems (VTCSuch solutions aim at solving of one main issue of
maritime activities, that is, providing vessel fimcontrol effectiveness and safety to addressfalewing

ProceedingREAL CORP 2009 Tagungsband ISBN:  978-39502139-6-6 (CD-ROM); ISBN:  978-395021B8  (Print) m
22-25 April 2009, Sitges. http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, DIBNGELKE, Pietro ELISEI



Integration of Vessel Traffic Control Systems and@ephical Information Systems

needs in terms of maritime safety, navigation ¢ifeness, environmental and ecological protectoastal
and shelf infrastructure :

« Vessel traffic can be very high in specific ardasstincreasing the risk of accident;
* Pirates activities;

e Terrorist's threats;

« Risk of accidents in ports and coastal areas.

This non-exhaustive list motivates the search f6€$% solutions. Current problems of VTCS do not pfev
acceptable solutions: operability, accuracy andptetaness of moving and positioning of vessels thara
condition prediction, navigation control, accideonntrol and rescue operation support are examplepen
issues to consider.

The simplest decision is to increase a number akwtations for VTCS and as a result to expand staf
VTCS but it is not always acceptable. Moreover savhehe selected problems could not be done by
traditional mathematical or simulation models baeathey do not have strong mathematical description

Is also non straightforward to support deployed ®¥TGecause there a need to change scenarios of the
system’s behaviour. The objective of our proposabidevelop an up-to-date VTCS relying on an ligesht

GIS base.

The notion of Intelligent GIS (IGIS) has been dssed in sources [2]. IGIS can be defined as a Gtli$ w
some additional intelligent components such a®¥at ontology subsystem as a core of knowledge, base
scenario subsystem and inference machine. The thaée parts of IGIS have been discussed in previous
papers [2, 3]. The current paper introduces ancasgeself learning of IGIS for VTCS problems. Tiael
Situations (TS) for VTCS is the one of the mainu®of this research. The set of tactical situatreteted to
VTCS is rather large and difficult to cover exhatedy in real conditions. It is a great challengw f
perspective VTCS.

The theoretical aspects of this proposal are pteden the third section of this paper. A variahti®IS
architecture for VTCS is described in section 4se&atudies of presented approach for St-Petersmdag
Brest Harbours, and for the Gulf of Finland andAllantic Ocean are discussed in the sections %and

3 THEORETICAL BACKGROUND

Situation Awareness (SA) denotes the perceptioanefronmental elements within a volume of time and
space, the comprehension of their meaning, angrtjection of their status in the near future [Hor real
problems VTCS gathers, collects data and informatadbout vessels and moving objects through
communication facilities with vessels, coast rathcators, satellite systems and many other sources
according to a HIF (harmonization, integration &ifan) conception [3]. Current and near future T& agle

are presented by visual GIS features on differerdens and monitors. According to current and &il®
VTCS and/or their staff make some decisions and &eo vessels and/or other different customerd.tBe
problem is when we have a clutter of vessels ahérotoving objects, and by VTCS we should make
decision in real or nearest to real time.

The one of decision of the above problem is ana@agr according to JDL model [5]. But there is nal re
work algorithm suggested. Tactical situation agsess, identification and classification can be ddye
different ways [3] such as Bayesian approachesrah@etworks, genetic algorithms, immune computing
and some other methods of pattern recognition.

Our proposal is not only a simple development asglayment of a classification system for TS, but
moreover a development of a self learning systemSi. The idea is to make integration between SA
algorithms and an intelligent subsystem of IGISisTavours acquisition of new knowledge, new ruldgn
VTCS is working. According to this our knowledgesbas not static but dynamic. This VTCS knowledge
base is changed during running time by new rulet&sowledge:

sz(dzve;e: 1, Ez) - dzva
z=17Z v=1V,

(1)
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Where: sz(') - denotes a special function that establishes Ibdtween facts and spatial depended data

dZVa for an interval of time. These time series favdetection of detect steady sequences for TS amd the
elements such as vessel behaviour, states of ®ement and weather conditions.

Regarding sz(') in the rules (1) linear and logical functions ca@ used. Together with scenario
subsystem of IGIS most of complex TS can be forzedli The next important problem is to predictrsho

term and long-term evolutions of TS in time. Frample, for evolution TELdW(T)‘ relative to the initial

state‘ds‘ , analysis and synthesis problems can be developeédxt algorithm as follows:

F(d,;e=1E,) - d,,;2=1Z;v=1V,d,(T)

FAVAR

PRG= PRG[ d:
(@)
This means that according to (2) an algorithm shdua identified for‘ds‘ to ‘dW(T)‘ transformation.

Initially ‘dW(T)‘ can be detected as an implicit function from etrotutimeT.

If tpRG]. <T , the next step j+1 of inference can be done if anty if time of evolutiontpRGj

according to aIgoritthRGj do not top of acceptable According to this ‘dW(T)‘ can be detected as
follows:

d,,(T)|= du(t) for t;=T; j=1J;

doubt foranother case @)

Where: ‘dw(tj )‘ - current j result of inference OfF;)RGj

J — Limited number of inference steps.
According to (1) — (3) by direct inference it isgsthble to obtain short and long-term evolution3 &f

4 |GIS ARCHITECTURE FOR VTCS

A typical architecture of IGIS can be shown in Fig.It is a generic schema oriented for wide typica
purpose and for different systems and VTCS as vilt. for practical implementation, IGIS should be
specified to practical goals. Moreover IGIS is aahonolithic application. IGIS is a collection dffdrent
applications and subsystems on the SOA [2] conoepieveloped as one can be seen in Fig. 1.
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Fig. 1: Architecture of IGIS

The architecture of VTCS on an IGIS base is showrFigure 2. The GIS initially developed have been
designed for navigation needs, thus making a distin between VTCS and GIS not straightforward (Fig
1). The other VTCS parts form a set of serviceshasvn on the right side of Fig. 2. The GIS unies
developed using the SOA paradigm, which is reledantdistributed and multi-platform GIS solutions.
From this point of view, the SA algorithms and detirning subsystems are plug-in services for VTCS.

Figure 2 shows a core of the system (IGIS+VTCSat tls, a knowledge base that includes a set of
ontologies. Ontology represents main existencesralaions between them for different subject dorsai
Another part of the knowledge base is given bytatebjects and subjects. The knowledge base T€¥

is developed by Protégé — an open source multigptattool.

An inference machine shell Drools is used. The rpaiperties of Drools are as follows:
e Environmental changing facts;
*« Set of rules;
e CurrentTS;
« Data initialisation and processing within Protégé.
Data and information exchanges between VTCS unilgiae external systems are performed XML format.

A set of mathematical models includes applied nm®det navigation in the wide sense, such as search
models, target recognition and tracking, navigatiow optimisation.

The proposed IGIS architecture for VTCS can be idemed as an open system, with the possibility of
adding new mathematical functions or models. Moeepwan intelligent subsystem allows not only
developers but also ordinary users to check andgehacenarios and knowledge base without progragimin
procedures.
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Fig. 2: Architecture of VTCS on IGIS base

5 CASE STUDY FOR ST. PETERSBURG HARBOUR AND THE GULF OF FINLAND

Let us present some screenshots of the systene @ttRetersburg Harbour and the Gulf of Finlanceriv
picture corresponds to one of particular TS. A camn®IS interface looks as follows on Fig. 3. ltais
typical interface for VTCS. As one can see a mairt pf work place is a digital map. There is Kramut
Harbour on Fig. 3. It is a small Harbour near theP&tersburg. This interface illustrates somehef TS

functions as follows:

e Search operation;
* Navigation support;

« Vessel docking to a berth; properties of vesseleandronment (particular properties of berth, depth
around the berth, presence other vessels andptogierties, harbour rules, weather conditions etc.)
should be taken in mind;

* Navigation estimation for every vessel with takingmind bathymetry, other moving objects and
many others.
The following sections examine some selected tlcsicuations.

5.1 Search operation

An example of graphical interface of TS “Search @pen” is illustrated on Figure 3. This figure peats
an episode of search effort allocation and region dearch operation for “moving objects” [15]. The
intelligent subsystem helps customer step by dtgst of input data from distributed data base ierbe
extracted automatically. There are a set of logiglgls to avoid mistakes and logical uncertainly.
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Fig. 3: A typical interface of VTCS
A window for search operation modelling is presdnda Figures 4 and 5.

é&a(-'&zmm

D |w[] s[5 -o| »|o|@(s|al 2] 29|l

"_f'@ @E]&] ﬁ"lﬁl' T [ e T |

| g | wwe |
28 833228 l2730 120

el »13-: wanyt =] Bpea ' hs@mi-mmﬁ

Fig. 4: Search effort allocation and region ofrshaletection
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Customers have the possibility to change globaltimata and estimate effectiveness of search dpesat
(Figure 5).
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Fig. 5: Search operation modelling

5.2 Vessel docking to a berth

Another TS (vessel docking to a berth) is showrFigure 6. There is a common picture of situatieam
the berths of a harbour. In the very beginning AfcBstomer can receive a list of available berghsariant
of preferable way of docking is presented. Manydecduring SA can be taken in mind as follows:

* Berth particular properties;
e depth around the berth;
e presence of other vessels and their properties;
¢ harbour rules;
* weather conditions.
The visual interface of control over this situatiershown on Figure 7.
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Fig. 7: Visual interface of control over “vesselclimg to a berth” situation

5.3 Navigation estimation

For navigation safety of every type of vessel, apgate data is used as follows: bathymetry, fagrwa
marking, navigation risks, and other moving objeatscation as well. An important problem of SAthe
vessel's location estimation. If the location ofsel contradicts the current conditions the systbould

take appropriate decisions to prevent such sitmatf® typical common visual interface for the TS is
presented in Figure 8.
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Fig. 8: Visual interface for TS “Navigation estiriat”

Repository of TS covers practically a full set oF®S problems. Decisions and collisions during Sécpss
are illustrated by visual features and voice suppor

6 CASE STUDY FOR BREST AREA AND THE ATLANTIC OCEAN

Beyond the interest of Tactical Situations (TS)ttbecur in harbours such as the ones presentekein t
previous section, vessel traffic control might aksike advantages of GIS capabilities to analyse and
extrapolate maritime traffic at different levelsgyinularity : from coastal to worldwide levels.

Over the past years, the Geographical Informatigsteé®ns research group of the Naval Academy Research
Institute (IRENav) has developed a wide range ofgats in the development of automated monitoring a
management systems for the integration and manipnlaf maritime navigation data [6]. Main curreard
on-going achievements include the development diilmsolutions for the delivery of additional sitioan-
aware services [13] to end-users in coastal enwiemts, design and implementation of data models and
query languages, and autonomous trajectory predicibsystems [14]. An information system has been
also designed to illustrate needs and benefitatefligent GIS for Vessel Traffic Control System&TCS).

This information system acts as a located-basedceeable to integrate, store, model, analyze aso@lize
spatially related data in real-time. These dynamaita to locate and display are ships (e.g. capgssenger
ships) moving in coastal and port areas [7]. Tlaf@im developed so far has been designed withtfers
client-server architecture and organized througtistributed data and processing model. The objeativ

the platform is to provide an integrated and fléxigystem for the monitoring and tracking of diffet types

of mobile objects in real-time.

These developments offer new opportunities to @ealyehaviours and patterns that emerge from large
navigational databases. As navigation data is awailin almost real-time, intelligent inference magisms
might help to observe and understand maritime itredt different levels of granularity (e.g. locally
regionally, global). Several exploratory projelsts’e been recently conducted in application of rapigms

for the data mining of navigational data, and nrastinformation systems in order to analyse incgmin
navigation data either from AIS (local traffic) s or International public databases (worldwiddfit).
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6.1 Local traffic: Basic trajectory output

Based on existing standards and recommendatiotie ddpen Geospatial Consortium (OGC) and the W3C
for the design of Web services, the approach pexpdsr the real-time following of maritime traffidsas
been designed as a Web-based visualisation toblctra report dynamic location-based information on
maps. It has been designed with a PHP-based genefdfeyhole Markup Language (KML) files (KML is
an OGC standard) to apprehend the diversity of @boapplications. This favours integration of the
location-based information on existing GIS softwéeey. ESRI tools, Google Earth) or GeoWeb-based
applications (e.g., GeoServer, Google Maps and Mpbi

Figure 9 shows an example of Web interface outplo¢res additional information on a given vessel is
presented to the user (e.g., latitude, longitugeed, direction, and time of last position). Theragle
presented in figure 9 shows the trajectories oassenger within the Brest bay, and additional canst
traffic information.
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Fig. 9: Web-based visualisation interface

6.2 Trajectories behaviours

Additional contextual objects predefined by endrsisen be integrated at the interface level (evgiting
area, access channel, dangerous zones). Figuroit@ she example of a vessel on a waiting areal@ied
as a square), a vessel that leaves an access tlantie left), and a vessel leaves abnormally shme
channel at it goes out of the limit of that chanfelthe top). Intelligent GIS can help users os% Traffic
Control Systems with automatic notifications of ls@wents.

Fig. 10: Trajectories behaviours
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6.3 Long-term analysis of maritime trajectories

Other services provided by this information systa oriented towards the manipulation and visuadisa
of historical trajectory data. Figure 11 present@saialisation of long-term maritime navigation \ween
Brest harbours. This figure shows several trajeesasf passengers’ ships correlated in time. Agafieg of
these trajectories provides typical routes thatuseful for the analysis of navigation traffic agtprns and
trends [8]. This is particularly useful for safgiyrpose, and the study of specific events and emtgdin a
given maritime area.

[Bjssommfmmam(E]

. : ;:-7 : ]r_nag 2008 qul_t_aIG' Q:WGOOSIE”
| o ' Pl

Pointeur lat 48.325721° long -4.456517 Mise au point |11 Altitude  10.86 km

2953 m

Fig. 11: lllustration of trajectory analysis betwdgrest harbours

Trajectory analysis can be also useful to moretiert@ehaviours such as the ones provided by pleasan
ships. Figure 12 shows for instance trajectoriessaifing ships in a championship event. This figure
illustrates that understanding sailing races withiotelligent GIS support can be a real challergyaukers.

Pointour 4818:01/53% N 4°25:05/8550 &lév. 0
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Fig. 12: lllustration of combined trajectories aflgg ships

6.4 Global traffic: Analysis of worldwide traffic

Modelling and analysis of maritime trajectoriemtie and patterns at a global level is an emergamyathd

of maritime authorities. The aim is to provide hdamel security, location-based information regarding
worldwide traffic density, routes analysis accogdito periods and weather conditions for optimal and
economic trajectories and to analyse piracy a@sitompared to maritime routes. Figure 13 shogislzal
view example of maritime traffic in the Atlantic €an.

"Google”

Pointeur 58°13'19.88" N 44°02'18.28" O Mise au point |[[|]|]|]|] 100% Altitude 13168.36 km

Fig. 13: Worldwide maritime traffic

The route detection method can be designed tolséarall the possible routes between the diffeygots

of a given list. The ways maritime routes can kentdied are varied. Regarding the worldwide maréi
data illustrated in Figure 13, a challenging isseiées in the identification of emerging trajecesiand
routes on the basis on anonymous data (public dsésbprovide only anonymous information). The
approach studied to solve this issue relies omsteling technique.

The objective of clustering is to group observatidimat are “similar” based on predefined critetieat is,
classification of objects into different groups, more precisely, the partitioning of a data set istibsets
(clusters), so that the data in each subset (\gesiiare some common trait - often proximity acoaydo
some defined distance measures. The computatiasialaf classifying the data set into k clustersften
referred to as k-means clustering [9]. Beside #rentdata clustering, or in short clustering, thare a
number of terms with similar meaning, including stkr analysis, automatic classification, numerical
taxonomy and typological analysis [10, 11, 12].

The route detection method, illustrated in Figude Has been designed to search for all the possittes
between the different ports of a user-defined Tiste areas where routes have to be detected andttoé

ports these routes could link should be parameigri€herefore, the computing process is automatsed
processed using several steps (Figure 14). Fitsigyzone is squared in order to delete isolatentp(l, 2,

3). Then a clustering method is applied to keepwveait groups of points, that is, clusters (4). Ahuod

based on a Dijkstra algorithm is then applied ideorto find the shortest path (i.e., a polylinejmen two
ports within each cluster (5, red dots). Finallgaaa mining and clustering algorithm is appliediébermine
the route’s border polylines (6, red dots).
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Fig. 14: Detecting maritime routes

Such analysis provides a valuable source of knayddd optimise maritime shipping and traffic setyuimn
high density areas. Figure 15 shows an examplele¥ant points of the route identified betweengbgs of
Dubai and Le Havre.

Fig. 15: Route from Dubai to the North of France

7 CONCLUSION

The researches and experiences presented in {hés pave shown that embedding Intelligent GIS ()GIS
into Vessel Traffic Control Systems (VTCS) provisieveral functionalities of interest for maritimeetss
from local to global authorities to navigation useClose integration between VTCS and IGIS canigeov
accurate and fast decision-aid support in compangth usual VTCS. This is particularly reinforcedhen
vessel traffic is rather high, and demands for glenitime important. Considering IGIS as an analgsid
self-learning subsystem also provides several relsagpportunities. This is closely related to toaaept of
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Tactical Situation (TS) that gives another functibdimension to VTCS. A variant of VTCS has beeedus
for navigation control in St. Petersburg Harboud &olf of Finland over the past few years, and timaé
navigation systems in North West France. Furtherkwamncerns the development of joint models and
platforms between the research teams involvedisiréisearch.
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