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Abstract

With a view to exploiting the unique capabilitieeved by the future Galileo constellation, our sortium
has undertaken the design of a marine safety irdtiom system providing location based servicesath b
leisure vessel users and marine rescue controtese(RCCs). Not only does the resulting demongtrato
system illustrate the potential benefits of Galilefsastructure, but the design also considerdritegration

of existing space-based and terrestrial infrasinecto provide an increased range of informati@mfra
number of independent systems in a single product.

More specifically, the system envisions the intégraof new capabilities into an existing, commaligi
available product. The resulting architecture bame@&GNSS positioning considers and offers the falhg
location based services: -

» value added meteorological information and forecast

» standard marine safety information gathered froritiple sources

* two-way communication with rescue services in tlsecof an emergency situation, using the
foreseen capability of Galileo’s SAR return link ssage including extended available information
and value added services for search and rescue

* both terrestrial and space-based communicationssiméicture

The system has been designed with existing mafetysinformation services as a baseline such that
comparison of the extended capabilities identifiad in many cases be made directly with other iegist
and planned systems. The potential advantagegsé ttapabilities are discussed.

The integration of different systems stems from esig to provide user focused services. Therefore
requirement analysis is driven by user needs, dseigesulting system architecture such that systara
included as necessary in providing desired top|ldahaviour by our multidisciplinary consortium.
Complexity is inherent in the project through theed to integrate a number of independent systsnsell

as products from several partners, further indicaa need for an interface-focused design proc@ss.
result of this design process has been an exparafi the challenges and solutions found in suskistem

of systems. These issues, and the technologieogeatpin their solution, are discussed.

Future work identified for the development of thismonstrator system is identified and discusseithen
context of different development options. Potentalts original target market is explored witheefnce to
this potential performance and extension of theeltged infrastructure is considered for potential
application to other location based services andkets
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1. Introduction

With the forthcoming Galileo constellation bringimgew possibilities for location based services, our
consortium has, under contract from the GSA, umadtert the design and implementation of an integrated
location based system for the enhancement of maafety. For leisure vessel users, this providevaat
marine safety information from various sourcesluding value added wind, wave and current forecasts
well as demonstration of potential for synthesiprfvided information to quick look situational @amfmation

for coastguard users. The system also demonsaategs-way communications link between marine vessel
users and emergency services enabled by poterdide capabilities and the possibilities in combgn
Galileo capability with other infrastructure.

Our consortium includes expertise in the develognénsuitable web services for such a development,
availability of suitable demonstrator hardware avatkbone for the user system, environmental data
provision and expertise in future Galileo capaie#itfor this integrated system design. Furthermpaet, of

the infrastructure is based on another demonstsatstem for marine safety, implemented by somehef t
partners, that shares many system elements withSvi6Tprovide drift predictions in marine emergencie

[1].

Section 2 of this work describes the context inalhinis system might be placed with respect totiexjs
GNSS services, Galileo differentiators and alteveasystems, as well as gauging the usefulness and
attractiveness of such a system to stakeholderth gpect to these stakeholders, section 3 desctite
requirements analysis and resulting system degitivitees performed in the definition of this sdln. The
envisaged MTTS architecture is described. Impleatent of these requirements in the demonstration
system is described in section 3, highlightingtdehnologies used and emphasizing the potentialaflhe
Galileo constellation. While the demonstrator systmplemented has some nice capability, potenti@alré
work that would lead to a commercial system is fified, as well as opportunities for further relava
capabilities that might be integrated in sectio@8nclusions to this work may be found in section 6

2. Marine Safety Context

In the improvement of marine safety, important elteristics of support tools and applications idelu
robustness, availability and accuracy. Furthermdrssemination of safety information such as weathe
forecasts and location of physical hazards is kethé prevention of accidents involving maritimaffic,
with the improvement of situational awareness mtediby such information aiding planning and mitigyat
actions for both vessel operators and RCCs. In chaa emergency, however, situational awarenasthéo
RCC is also enhanced by knowledge of the distregseskl having the aforementioned characterislicss.
work focuses on leisure vessel users rather thammascial operators where the safety system envieothm
iS more mature.

With the introduction of the Galileo constellatiadhe following potential advantages will becomeikalde
to the implementation of marine safety services: -

» Potential for return link message in emergencyasibns

» Greater availability of navigation signals in comdgion with other systems

» Greater accuracy of the navigation signal, perlmpsmbination with other systems

» Greater availability for distress signals in conation with other communication modes

» Greater availability and coverage for RCC to distesl vessel communication via new return link
message capability

* Enhanced coverage enables consideration for mobalgservices

» Greater redundancy and robustness in combinatitinaliernative systems

Currently, vessel information, MSI and weather éaxts may be communicated through the AIS standard
[2,3]. However, information is limited to that whi\lS receivers can receive and transmit over tiised
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RF frequencies used, and is effectively limitedctastal waters. In addition, numerous internetisesv
publish AIS information, as well as MSI messagediected from various sources. General weather
information may also be received through such vegbices as well as regular radio broadcasts.

In general, devices such as EPIRBs are used foautmmatic or manual broadcast of distress messages
through Cospas Sarsat, along with conventional RRY communications. Distress beacons are, however,
limited in functionality.

Enhancement of marine safety through new technoleggvices and space infrastructure is currentjeun
study in many activities, both governmental and w@rcial. For example, the MARNIS project under FP6
is a broad study of potential solutions for maréimavigation and information services, considetimg
needs of MTTS related stakeholders such as RCCsvasskl users, and includes study of maritime
information services for the enhancement of masafety [4]. One objective of this work was to hanise
marine vessel systems including those describedqusy.

While the forthcoming RLM capability of Galileo hasany potential uses, the use of a return link angess
for marine distress message authentication wascalssidered as part of the GJU funded project, MAEU
[5], and envisaged an architecture with many simtigs to that envisaged by MTTS, including the
integration of this SAR functionality into a muftinctional marine user terminal. In terms of the
dissemination of location-based marine safety mfdron to leisure vessel users, the ALIS projetdo(a
funded by the GJU), envisages a service similinéaelated part of the MTTS system [6].

SARIS is one example of other marine safety infaimmasystems currently in service with RCCs, where
some environmental information is provided fromesetd sources for improvement of situational
awareness. The system’s main functionality is ift drediction [11].

While using normal satellite communication capacésher than the Galileo SAR RLM, interest in 2 way
satellite-based, ship-to-shore communications gewvelopment in the ESA funded MeCA project [7]isTh
project’s implementation is supplying a number efvices to Canadian Coastguard vessels includiraglem
and VOIP communication, as well as secure datacssv

3. MTTS: High Level Design and Architecture

A thorough requirements analysis was carried otthiénconception of the MTTS architecture. This gsial

was based on analysis of stakeholder requiremealisding direct consultation with stakeholders inithg

several coastguard services. General need canfdreeth from both this analysis and the project ernt
described in section 2 for the following services:

* Integrated, location based MSI from multiple soarce
* Two-way comms with Galileo between leisure vesaats RCCs
* Potential value added services based on the praidermation

The high level MTTS architecture displayed in Fgut is developed from the requirements analysis
considering the use of existing space and tera¢dtfrastructure such that Galileo will complemenrtsting
capability and make good use of what exists alre@dllg data provision services, on-demand data asb-M
service provide MSI and environmental informatianbioth the coastguard and the leisure vessel user.
Analysis service is seen as a potential added vedueice for the RCC, using the extensive MSI data,
environmental data and individual vessel informatawvailable in MTTS to provide automated prelimjnar
prioritisation of distress situations based on dkeilable data. On demand data is able to provedaildd
visual wind, wave and current forecasts whenewguired. In a similar way, MSI+ service providesaage

of location based textual safety and weather inétion.
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Figure 1: Envisaged system design including Galileo. MSI Data providers are present both within and external
to this design in that geotagging capabilitiesareincluded in MTTSto localise textual M SI messages. On Demand
Environmental Data defines graphical value added environmental data supplied to both RCC and vessel user.
M Sl + Service collects and provides localised M S| gathered from multiple sourcesto both RCC and vessel user.
Analysis Service provides value added emergency management information based on available MSI and other
environmental data to the RCC. Vessel Contact Service provides the system backbone for connecting MTTS to
remote vessel users through multiple communication modes. Galileo in this case provides 2 way comms between
RCC and user in the absence of other 2 way comms such as GSM. In addition to distress initiation from the
MTTS system, it was envisaged that a distress message from an EPIRB could be directed to the CGUI, or details
of an alert may be entered manually by the RCC.

This system provides a two way interface betwee@&@and users, gathers MSI data from multiple ssurce
and makes relevant information available to ther usmording to their specified position, provides i
addition value added environmental data that weuldance the situational awareness of vessel usdrs a
RCCs, enables efficient transfer of relevant veasel journey details in case of an emergency, dedu
multiple communication modes, enhancing availabiind hence robustness, and supplies value added
location based data to RCCs in cases of emergentles details of environmental data and extra
information supplied to RCCs are given in the foflog section.

2 way comms such as radio communications providay voice communications but are limited in range.
EGNOS might be used for wider ranging broadcastsafety information but has no capability for
communication to RCCs. Cospas Sarsat provideskatdirRCCs with use of emergency beacons. Galileo
will form part of Cospas Sarsat with its SAR paylpand can provide a return link message enabkedul

2 way communication and again will greatly increasgerage of the system. These multiple modes also
improve robustness in the architecture.

In terms of marine safety, situational awarenesg®ysfor both leisure users and rescue controlresnfhe
MTTS system links these stakeholder groups, emvisgp for wide-coverage two-way emergency
communication utilising the forthcoming Galileoust link message capability. This communicatioow
for the use of short, user-defined messages, asasedhe efficient exchange of pre-defined vessel a
journey related data founded on that which is add in other marine safety specifications sucAl&s
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4. Demonstrator System Design and Implementation

With the architecture described in section 3, aesyswvas designed and implemented to demonstratesthe
of such a system. Since Galileo is currently undierelopment, capacity for short RLMs was emulated
through a web interface able to transmit short deéined messages and a number of predefined ptreane
EGNOS capability was also unavailable for this dest@tion.

Open standards and technologies were used in exehdascription and storage of system data bettieen
remote elements implemented by the multiple consarpartners. The result was a secure network table
synthesize input from multiple sources in providiagsingle solution through two distinct interfades
specific customers. With the multiple partners gsiliffering hardware and software, an interfaceufed
design process was essential to the success @ropext. The following open standards and techriefog
were used to describe and store the data, ancctmege data over a (secure) network between tferetit
subsystems developed by the consortium partners.

* Web Feature Service (WFS) for serving the aledrmftion. The information is stored in a PostGIS
data store;

*  Web Map Service (WMS) for serving the map data;

* Web Services (and associated technologies WSDLS®WP) for the communication between the
subsystems

* Network Common Data Form (NetCDF) to exchange theirenmental conditions and drift
prediction data;

* The man-machine interfaces were created using thpBMilder and OpenLayers toolkits, using
AJAX technology for a rich and interactive user ex@nce

» Custom software components have been developée ifaetva and Perl programming languages.

The implemented physical architecture is showniguie 2.
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Figure 2: MTTS Demonstrator Physical Architecture. Web services are utilised to allow the running of different
partsof MTTS at remote partner sites.

While more of the functionality of the envisagedtsyn at the leisure vessel user end has the paitemtie
integrated into a custom user terminal, for theppses of the demonstrator most current functignasit
implemented into a web interface Leisure Vesselp@Gicl User Interface (LVGUI). To demonstrate
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integration into a marine safety hardware prodactC-POD yacht management system terminal was
integrated into the system to demonstrate EPIR8-lkanual distress initiation and automatic alarm
triggering on submersion of the unit, shown in &8 [8]. The terminal also provides the GPS laratiata

to the system, as well as other dynamic vessehpsteas. Functionality of the user interfaces isescribed

in Figure 4 and Figure 5.

|

Figure 3: C-POD yacht management system terminal

On demand data service provides graphical windeveand current information that are superimposethen
user map (see Figure 5). Data is generated fromcést models that are calibrated with both satellit
scatterometer and local measurement data in anirapgoocess of improvement. Both offshore and near
shore forecasts are available globally for up e fiays ahead [9].

MSI+ Service collects and distributes data in salvareas. Example shipping forecasts are colleftted
the UK Met Office and geotagged with appropriaté/gonal region areas such that vessels can betsent
information relevant to their position or course.d commercial system, forecasts could be collected
any number of sources such as this to provide usétts the forecasts they prefer. Warnings are
automatically detected and flagged so that theybeahighlighted in the user interface and so thatalert
analysis service can upgrade an alert priorityasecof an emergency in bad conditions. Plain te$t M
messages in several formats may also be enterethimtsystem through the CGUI. Text pattern redammi

is used to extract the location and warnings froessages. Tabular representations of the data pebiid
the on demand data function are also gathered asttibdted. Warning tags are generated when
environmental factors exceed the preset limitstHeumore, MSI+ service collects and distributesvact
alerts from the CGUI, such that users can be madeeaof distressed vessels in their vicinity if essary.

Analysis service demonstrates two possible add&d\services that may be provided through procgssin
the MTTS available data described above. The $ingtws how localised vessel, environmental and other
MSI data may be automatically assessed to providash preliminary prioritisation for multiple alert
situations. The service takes into account theodolig parameters and uses predefined rules to gener
approximate priority of individual alerts.

» Type or types of distress

* Local weather conditions

e Other hazards in the local area

» Type of cargo

* Small vessel size in bad weather
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The second part of analysis service emulates tlee afisthe Galileo SAR RLM for efficient 2 way
communication between an RCC and a distressedviessee absence of other modes of communication.
Given whatever vessel data that may have beeneenterough the LVGUI or C-POD, the system assesses
the most useful further information required by toastguard and responds to the LVGUI causing enjptro
to appear asking the user to fill in the requestéaimation. For efficiency in an emergency sitoationly

the most urgent unanswered questions are askeadyigigen case, once these are entered and sené to t
coastguard, the analysis service may be callechdgaiequest the next most relevant questions. ti@uss
are primarily based on the type of distress enagedte.g. if a medical emergency is specified,sirsem
would ask how many people require assistance, aheér oonboard contact details for two way
communications, if these are not already availabDlstress types used in MTTS relate to those ddfine
the IMO [10].

The demonstrator system can therefore performali@afing functions: -
* Provide multi-source, location-based MSI and emnnental data to leisure vessel users on-demand

or automatically
* Emulate multi-mode, 2-way emergency communicatietween an RCC and a leisure vessel user
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Figure 4: Part of MTTS RCC User Interface (CGUI). Web accessible MTTS interface for RCC. Interface also
allows: i) viewing of individual alert information transferred through MTTS from the vessdl ii) input of user
defined return link message for 2 way comms iii) access to all relevant MSI data provided by MTTS iv)

submission of textual M SI messageto M TTSfor geotagging and dissemination




ENC-GNSSO08

Tiip information

Orbosrd coract: ein Zzlle Alert data
Priore: +31 [jseF-242208
Orshore cortact; Jonathan Andersson Distress type: Please ensure that the distress types you select are comest!

Phone: 48 703 10 45 18
e e ity O O O O L] O O0 L] O O
ez tination pact: Daift SINKING LISTING_DANGER_OF_CAPSIZING COLLISION DISABLED_AND_DRIFT FIRE_BXPLOSION MEDICAL_ASSISTANCE_REQUIRED DISABLED PEOPLE_OVERBOARD GROUNDING FLOODING
rumber of people orboar =
wessel type: Ly ENFORCENENT_VESSEL Distress data
5 3 Vessel data
Vessel informalion
wessel lame: sv Pilotsh
canl sign: < m 1 3|
ST rmber: 1 e = = ==

vessel vieight: LEA]
Wessel Lengty LET
wessel Viichh: oom
vessel Draugt: oom
wessel Height: com

1D rumer:  Grapnical Intermation .

Layer options

[ Update curent ][ Update wind ][ Update wave |
Update wind layer when WSk updates?

Figure 5: Part of MTTS Leisure Vessel User Interface (LVGUI). Location of user vessel is shown on map with
graphical representation of local wind environment provided by MTTS. Interface also allows i) input of
extensive vessel and trip information useful to RCCs in emergency situations ii) reception of position relevant
M Sl messages and data from multiple sourcesthrough the single M TTS serviceiii) input and dynamic update of
distress parametersin case of an emergency iv) reception of both predefined and manual input repliesfrom RCC
in emergency situation

5. Future Work

With the use of extra capacity in Galileo serviges to be decided, the use of the envisaged syi&em
dependent on the implementation of the requireadlaidify in the final constellation. However, it cae seen
that elements of this system might be used in olueh location based marine services. In any case,
commercialisation of the system would require sdiomther development work as well as additional
customer consultation to refine the functionalijowever, the fact that the demonstrator alreadiudes
commercially available marine hardware indicatetepiial for moving some portion of the system ittie
commercial sector as part of other systems.

There are also many options for adding functiopdbit the system, including the integration of avipas
project of some of the consortium partners, EDDs®ystem shares many elements with MTTS and uses
environmental data to predict the drift over timeedo wind, waves and current of bodies in watgr\[hile
similar in function to the SARIS system referenaedection 2, EDD uses integrated environmentadast
information to make predictions, rather than marnnoplut current information. Furthermore, the progubs
added value services of the analysis service cpatdntially be made much more complex, considering
many more available factors with available dataatnoperational system, data from alert priorityngs
could be useful for analysis of prioritisation ¢érés given the available data.

At the time of writing, demonstrations of the systw stakeholders are planned and feedback sheljpcd
guide further work.
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6. Conclusions

User focused requirements analysis and systemrdésig led to the design of a potential system
utilising forthcoming Galileo capability for the lemncement of marine safety. The relevance of the
system’s functions to marine safety has been dssrliand related projects have been identified and
discussed. A demonstrator has been implementelloiw sr emulate many of the functions of the
system.

» Design of integrated system use of Galileo SAR RbMn integrated system for
enhancement of marine safety
* Implementation of a demonstrator system emulatiegsyystem’s potential capability

This user focused design has considered the useiltiple communications modes complementary
to existing marine safety systems and future Galilgpabilities. The envisaged architecture has the
following capabilities.

» Integrated, location based MSI from multiple sosrce

* Multi-modal two-way communications including Gableapability between leisure vessels
and RCCs

* Value added information services based on the geavinformation for enhanced
situational awareness and efficient emergency comcation

A demonstration system has been implemented atetitesing open standards and technologies to
demonstrate and emulate the proposed architec@@agabilities reflect the general intention of the
proposed architecture and already implements patgniiseful services such as: -

* Emulation of efficient 2-way emergency communicatoetween a leisure vessel and RCC
suitable for use with Galileo RLM capability

» Collection and dissemination of multi-source looatbased MSI and environmental data
including detailed wind, wave and current data

« Demonstration of value added information servicesRCCs based on available
information

Future work for development of this system bothralation to Galileo and in other contexts has
been discussed, as has the potential of the syistarlation to the wider marine safety system
context, finding that there is potential for adoptiof such an architecture to enhance marine safety
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