MARITIME APPLICATIONS OF SATELLITE COMMUNICATIONS



-- by Philip van Bergen, MNI  --



The rate of change in IT over the last 20 years is now a cliché; to paraphrase an oft quoted statement - who, even 10 years ago, could have foreseen the far-reaching and revolutionary effect of a “nerdy” network called the Internet.  



Shipboard IT deployment has not, however, proceeded at the same break-neck pace as it has ashore; in many respects the maritime industry is still doing things the same way it did when Pontius was a pilot.  There seems to be a 10 year time lag between a technology ripping through the shore-based business world and the same technology being accepted aboard vessels at sea - this being despite the fact that ships today contain some fairly heavy-duty electronics equipment for the purpose of navigation and propulsion. 



 The prime culprit, in my opinion, has been the lack of IT training afforded to seafarers - an issue which will plague the maritime industry for a long time to come, for the ship managers of the future are at sea today.  The maritime industry has only itself to blame for this; when times get tough, the first casualty is always training - however in this case it is a lack of foresight, as I doubt that IT training would have been forthcoming even if freight rates were at their height.



Today, a ship at sea can be afforded the same telecommunications infrastructure that can be found in any shore-based office - the only difference being the cost of using those services.  This cost, however, is constantly reducing as a result of bandwidth-saving technologies and increasing competition.  This is evidenced by the fact that it is now cheaper to make an  international phone-call via Inmarsat than to make the same call from most hotels.



There is a wide variety of systems to suit all segments of the maritime industry.  However, in any discourse on applications, one must first understand the basics of the frequency spectrum and constellation architectures used for satellite communications, as well as the advantages and disadvantages of each.



Frequency Spectrum



The frequencies most used in commercial satellite communications are in the Super High Frequency range, starting at just above 1GHz and ending at around 60GHz.  Beyond this range (i.e. the sub millimetre wave length), atmospheric attenuation is far too great for Earth-to-satellite usage.  



These frequencies are divided into bands, the criteria for which were developed during WWII, when Radar (which then operated in C-Band) was being developed.  The bands most frequently used for satellite communication are L, S, C, X, Ku and Ka.  

�



Those at the lower end of the used satellite spectrum are generally possessed of better propagation properties, while those at the higher end suffer from atmospheric attenuation - especially rain fade (mariners need only remind themselves of X-Band [3cm] Radar’s poor rain penetration w.r.t. S-Band [10cm] Radar to demonstrate this).  



This tends to eliminate the higher bands from the marine environment, as lack of service in a rainstorm (especially in the tropics) would have dire consequences for maritime safety applications.  Additionally, the higher the band, the greater the need for pointing accuracy within the antenna, which tends to preclude the higher bands from most marine mobile applications where yaw, pitch and roll can result in lost connections.  L-Band is more forgiving of pointing errors than, say, C-Band. This is one of the reasons Inmarsat has chosen L-Band as its operating frequency for the satellite to mobile terminal link (or down-link).



Unfortunately, the lower bands suffer from the fact that they are used extensively in terrestrial applications - such as cellular systems - and, as such, the satellite and terminal power need to be reduced to eliminate interference.  This obviously has an effect on the terminal’s antenna size, which needs to be larger to compensate.  The only other means of compensation is to reduce the distance between the satellite and the receiving station - how this is achieved will be explained when we cover the different satellite constellation architectures.



Space in the L-Band spectrum is pretty crowded, and Inmarsat is fighting a constant battle to a) make more efficient use of its finite allocation through digital technology and frequency re-use schemes (such as spot-beams), and b) protect the allocation they do possess, and is used by their customers, from new competitors who want to take it away from them to serve nebulous markets that have yet to materialise.  



The higher bands are generally wider in terms of available frequencies for customers, resulting in them being used for high bandwidth applications.  An L-Band service provider will typically be limited to a few thousand low-bandwidth channels, whereas a Ku or Ka-Band providers would  support tens or hundreds of thousands of equivalent channels.  In reality the number of channels would not be so dissimilar, as the Ku/Ka-Band operator uses a much higher bandwidth per individual channel.



As previously stated, due to its excellent propagation properties and high tolerance of antenna pointing errors, Inmarsat operates within the L-Band.  The S-Band tends to be used by the new LEO systems, although some are eyeing the L-Band.  X-Band communication remains the preserve of the military market.  C-Band is used commercially by a large number of VSAT operators (Very Small Aperture Terminals - referring to the antenna pointing accuracy needed and now a generic name for C, Ku and Ka-Band services) who provide fixed (as opposed to mobile) satellite-based Wide Area Networks to major corporates, such as supermarket chains, motor manufacturers and retailers, banks, etc., where VSAT provides high bandwidth alternatives to comparable terrestrial fibre or copper networks.  C-Band is also used by Inmarsat for the LES to satellite link (or up-link), where fine satellite pointing accuracy can be achieved by large stationary earth stations.  



Ku and Ka-Bands are primarily used by broadcast TV operators and highly interactive on-line applications involving large amounts of data.



Constellation Architectures



In respect of the differing architectures, the GEO systems (Geosynchronous Orbit - which includes Inmarsat and VSATs) can cover the earth with only 3 satellites stationed above the equator at around 36,000km altitude - additional capacity can be provided for heavily utilised ocean regions, such as the Atlantic.  The design is simple, robust and reliable. The trade-off is that there is a relatively high degree of latency, or delay, in the signal and the antenna needs to be quite large to be capable of signal reception (or else the power needs to be increased to compensate).  Latency is not a problem for broadcast applications, but can adversely affect highly interactive applications, such as on-line transactions and voice.  Generally the latency is around a quarter of a second.



The closer the satellite constellation is to Earth, the more satellites are required for suitable coverage - so the MEO systems (Medium Earth Orbit) at around 12,000km require at least 12, and the LEO systems (Low Earth Orbit) at less than 1,000km require 48 or more.  Also, the closer to Earth the constellation, the less opportunity there is for a satellite over the oceans to be able to see a Ground Earth Station, meaning Inter-Satellite Links and call hand-overs must be implemented to ensure that the call can be terminated.  This results in more points of potential failure.



With increases in the number of LEO satellites required and the need for them to be polar orbiting (to stop them falling out of the sky at such low altitudes), the control technology becomes infinitely more complex, the lifetime - typically 5 to 7 years - becomes shorter due to atmospheric drag and hence reliability is compromised, especially when production line techniques are used in their manufacture in order to keep costs down.  Their advantage though is that their low altitude produces little latency, and the antenna size can be shrunk considerably - which is not really an issue in most maritime markets as real-estate is readily available.



Each architectural variant involves trade-offs - the further from earth the constellation, the greater the latency and the greater the power requirement of both satellite and terminal - or the larger the antenna.  However, the system is inherently more reliable, as well as being cheaper to launch and operate.  Launching a small number of simple GEOs with a 12 year+ lifespan is considerably less expensive than launching and replenishing a myriad of complex LEOs with a 5-7 year lifespan.  In the case of LEOs, customer costs can only be reduced through the recruitment of enormous subscriber numbers running into the millions.  It is now doubtful whether the market is sufficiently large to support more than one (or even just one) LEO system.



Satellite Finance



It is interesting to note that during 1998, for the first time, over twice as much was paid out in insurance claims for failed satellites than was gathered in premiums ($1.9bn vs 950m), demonstrating that reliability of the new satellite systems had yet to be proven.  Additionally, Merrill Lynch has estimated that between 1999 and 2007, over $42.9bn will be raised for satellite system financing, with the largest slice of that being attributable to multi-media broadcasting systems within the Ku and Ka Bands. 



The Inmarsat System



The Inmarsat architecture has been chosen specifically with the maritime market in mind.  Through simplicity of design it combines reliability with affordability for anticipated volumes.  This remains as valid today as it did when Inmarsat was first inaugurated.  Its only drawbacks are the relatively high latency and the antenna size needed to overcome power restrictions occasioned by potential interference with (and from) terrestrial microwave systems.  I am sure, however, that most mariners would agree than this is a small price to pay for a robust and reliable system on which 1.3m seafarers’ lives depend.



Inmarsat’s wide range of communications media includes voice, fax, telex, Internet e-mail and various data speeds from 2.4kbps to 64kbps. Applications based on the transmission and receipt of data are increasingly being used to improve the operational efficiency of vessels, as well as reduce the administrative overhead that both reductions in crew sizes and maritime legislation have imposed.  Here are some examples:



Electronic Mail



Today Inmarsat-A, B, M, mini-M and C are being used extensively to provide e-mail communication between vessels at sea and head office.  Inmarsat-C, without any modification whatsoever, is capable of sending and receiving Internet e-mail through most Land Earth Stations.  An Inmarsat-C Internet e-mail guide has been developed by Inmarsat and successfully marketed for a number of years.  Other Inmarsat products use software provided by 3rd party integrators, facilitating communication with a shore based hub system which can be located either at head office, or facilities managed.  Such systems invariably support terrestrial gateways to fax, telex and Internet, thus aiding substantial reduction of messaging costs by as much as 60% or more.  



Microsoft Exchange is increasingly being adopted as the preferred enterprise messaging system within shipping companies (in a survey, over 48% of companies said they either had, or were intending to implement, MS Exchange) and it is now possible to integrate ships at sea into a shore-based MS Exchange system through the auspices of Middle-ware solutions.  Such Middle-ware sits between the MS Exchange server and client, optimising the Inmarsat space segment by batching, compressing and enabling restart-from-point-of-failure in the case of connection problems.  Implementing such off-the-shelf technology greatly reduces the cost-per-seat of shipboard e-mail, as well as harmonising systems ashore and afloat and thus reaping additional financial maintenance/upgrade benefits.



Many LESOs have implemented simplified 2 digit Internet access, providing robust Internet connectivity, a free Internet account and free e-mail delivery. Microsoft Windows ‘95™ is supplied with bundled programs that can be used to connect to the Internet over Inmarsat. To assist both business and private customers in taking advantage of the above, Inmarsat produced a free instruction guide covering the most popular terminals within the Inmarsat-A, B, M and mini-M service range.  The guide enables users to configure standard off-the-shelf Microsoft modules (such as Internet Explorer, Microsoft Messaging and Dial-Up Networking), set up their Inmarsat terminal, and connect to the Internet via their chosen Inmarsat Land Earth Station.  



Ship Management Applications (SMA)



Fleet managers can utilise Inmarsat-A, B, M and mini-M data channels to pass operational information between computer systems aboard ships at sea and centralised systems either in head office or 3rd party bureaux.  Typical SMAs include inventory monitoring & control, engine & hull performance monitoring, weather routing information, container bayplans, personnel information, planned maintenance reports.  In many cases, the implementation of computerised systems has eased the burden of ISM compliance, as well as enabling shore superintendents to have better control of information flows.



Electronic Charts & Chart Corrections



Chart corrections in electronic format can be accessed today over Inmarsat-A and B systems, using set-top decoders which are tuned into special Inmarsat channels.  These systems are constantly fed with the latest chart corrections which can subsequently be printed out and transcribed to paper charts in the normal manner.  Several organisations are today working on the provision of the latest electronic charts to vessels at sea through the World-Wide Web.



Video/Image Transmission



A number of Inmarsat Partner organisations offer packages which facilitate the transmission of real time video or still images from vessels via Inmarsat data channels.  Nothing could be simpler than using a digital camera to take a still image of damage or repair work, downloading it to a PC, compressing the file to reduce transmission costs and then sending it to head office as an attachment to an e-mail.  Depending on resolution selected, a typical still image from a digicam in JPG format is no larger than 35\60kb.  Using such techniques, superintendents and  fleet managers are now able to view vessel or cargo damage sooner than would otherwise be possible, thereby speeding up assessment, repair and insurance claims.  Indeed, some companies are already developing low-cost image transmission systems facilitating real-time monitoring of critical areas of vessels in the instance of pirate attack.



Position & Data Reporting



Inmarsat-C supports the transmission at pre-arranged intervals of basic data, such as position, heading and speed.  Integrated with output from data loggers, additional information such as fuel stocks and consumption can be added.  Alternatively the operator can interrogate the Ship Earth Station (SES) at any time, triggering an automatic update.  This application is used extensively in the fishing industry to monitor the whereabouts of vessels in national Exclusive Economic Zones (EEZs).  Many Inmarsat LESOs provide a facilities managed solution embracing an entire fleet, being accessed graphically over secure pages on the World-Wide Web.



Payphones



Crews and passengers on many vessels around the world have access to Inmarsat services through a variety of credit-card and smart-card phones and cabin calling services.  Several LESOs are implementing systems whereby an individual can have his or her own account, which is activated through a Personal Identification Number, or PIN - which can be either pre-paid or billed to a credit card.



Maritime Safety Information and FleetNET



The Inmarsat-C Enhanced Group Call (EGC) capability and the International SafetyNETSM Service allow weather analyses, warnings and predictions to be broadcast to vessels in selected geographical areas.  Commercial information and subscription services can be supplied to fleets by means of the FleetNETSM system.  Using FleetNETSM, an important communique can be sent to an entire fleet (or subset) for the cost of a single message - a powerful and cost-effective fleet management tool for promulgating bulletins.  Typical applications include fleet or company broadcasts, news broadcasts, commercial weather services, localised medical information, market quotes, government broadcasts to a country’s register, etc..



Inmarsat’s Role in GMDSS



The Global Maritime Distress and Safety System (GMDSS), which came into force on the 1st February 1999, is designed to underpin maritime safety by supporting a full range of safety related services and giving all ships, whatever their location, the ability to transmit a distress alert to shore authorities.  The satellite elements of GMDSS are today provided by Inmarsat alone at no cost to the mariner.



Inmarsat provides a range of services and equipment types to cover all GMDSS requirements.  Inmarsat-E is a distress alerting Electronic Position Indicating Radio Beacon (EPIRB) with a response time of under 5 minutes (typically 2 minutes) and sub-200m accuracy.  Inmarsat-C provides GMDSS distress alerting capability, receipt of Maritime Safety Information (MSI) and GMDSS general communications capability.  Inmarsat-A and B can be used for distress alert and the general communications requirements of GMDSS.  Inmarsat-M and mini-M play no part in GMDSS, but can in certain circumstances be used for supporting GMDSS communications.



What Does The Future Hold



Without doubt, the Internet and the World Wide Web (or the World Wide Wait, as some are now calling it because of congestion) will have an impact on the seaborne maritime world - despite some die-hards being sceptical.



There is a plethora of applications for which the Web is suited.  The problem is that the Web is based on packet switched data, a technology which is eminently suited to a volume based tariff, whereas most web access mechanisms (including Inmarsat data channels and the average shore telephone) are circuit switched and hence time based.  



Ordinarily this does not matter in a shore environment, however when one is paying anything up to $10 per minute for a 64kbps Inmarsat circuit, it becomes very important.  In order to release the potential of the Web for the benefit of vessels at sea, Inmarsat is therefore focusing on the introduction of packet data web-access technology, such that the cost of Web access comes down dramatically.  This is by no means rocket science - the technology was deployed within Inmarsat’s land mobile market during 1999 as M4.  M4’s maritime derivative – Inmarsat Fleet (or Inm-F) – is in the process of being launched – complete with maritime specifics, such as global coverage and GMDSS.



In theory a ship-based user connecting to the Web over a packet switched service could be on line all day without paying a cent, so long as no data transfer were taking place.  A tariff would only kick-in when data transfer was instigated - such as when requesting a page of Web information.  When one considers that the data transfer time of say a typical 20 minute Web session takes no more than 5% of the time on-line, it can be seen that this technology cost-effectively opens up the potential of the Web for a myriad of web-enabled maritime applications.   Vessels could connect to their corporate Intranet and remain on-line permanently, having e-mail delivered to them as it is sent, thus eliminating the need to dial in specifically to collect messages.  E-mail will thus achieve the immediacy of telex aboard ship.



The Future for VSAT



Cruise ships represent a key sector of the maritime market where VSATs are making significant inroads at the expense of Inmarsat.  The main reason for this is the lower cost of capacity for VSAT, if sufficient traffic is generated to justify the purchase of leased capacity.  As more advanced VSAT systems offering bandwidth-on-demand become widely available, and terminal costs fall, we should expect to see them capture an even higher share of this market.  Revenues per vessel will also grow as more services are offered and end user prices fall, encouraging higher usage.  It should be noted that the cruise sector is much less dependent on global satellite coverage than other parts of the maritime sector, because most cruise ships remain close to shore within relatively limited geographic areas (e.g. the Caribbean or Mediterranean).



Typically the application focus to date has been on providing multi-channel voice (satellite TV broadcasts are also received).  However, VSATs offering up to 128kbit/s data speeds are being installed and over the next few years we will see Internet access becoming a routine part of onboard facilities, especially in the Caribbean market where some ships already possess a computer room and US guests in particular expect to stay in contact with their offices by telephone and increasingly by e-mail.



As already stated, VSAT service providers do not support a global capability from one supplier. To have a global service, users would need to contract with several regional service providers, depending on trade pattern. VSAT services provide high bandwidth C-band voice and data capability to regionally-confined, high-volume business markets.  Terminal equipment is large and expensive in comparison to L-band Inmarsat, requiring both plenty of (relatively stable) real-estate on which to position the radome and deep pockets - especially if a hub has to be purchased.  The up-side, however, is that per minute charges are a fraction of Inmarsat’s charges.



Given the above, prime targets for VSAT are oil rigs, seismic vessels and regionally based cruise markets - all of which are relatively low in global mobility and enjoy high throughputs.  Inmarsat’s key differentiators of global availability and GMDSS capability are rendered almost totally ineffective in the face of VSAT competition in these markets.



Inmarsat’s only competitive products are Inm-B and Fleet, however their use is limited to a purely defensive strategy in the medium-demand bands.  In the long run, Inmarsat can expect to lose ground to VSATs in the high-demand bands.



VSAT antennas range from one to four metres, depending on the capacity requirement, and typically weigh upwards of 100 kgs.   For this reason, VSATs tend to be used for more permanent installations and generally needs a specialist to set-up and activate the terminal.



VSATs support data rates from 300bps to up to 2Mbps, again depending on antenna size and leased capacity.  



VSATs are generally bought as a package - a number of terminals plus a central hub.  For a small network of 10 terminals for fixed land applications, this will work out to be on the order of $1.5m to $3.0m, depending on the geographic region where it is bought and the type of system (e.g.  Ku- or C-band system) deployed.  Thus, a company with a smaller number of remote stations will find it more cost advantageous to use Inmarsat B.  A company with large network will find VSATs more appropriate.  



VSATs are generally charged on a lease basis.  The customer signs up for a long-term lease (typically one year), sized to match his peak expected traffic load.  While the per-minute charge seem to be lower under the VSAT lease package, the user must pay for the capacity irrespective of whether data was sent.  Therefore customers with high volume and consistent usage will find VSAT more attractive.  



Because of the larger initial investment required in deploying a VSAT network, VSAT service providers also offer a lease package of service with a contract period of typically a year.   The monthly fee for a fixed land application would include lease of terminal, access to the hub, and space segment channel.  The monthly fee will vary depending on: service provider, region and traffic volume.



There is demand in the maritime sector for three main types of service, which will be delivered over narrowband and broadband communications links:



Voice communications

Videoconferencing

Data communications including Internet/intranet access and email, data transfer and lower speed position monitoring and other SCADA applications.



Without a doubt, maritime satellite communication volumes (regardless of sector) are set to grow as the bandwidth requirement increases. VSAT operators will be eyeing these developments and positioning themselves to pounce with tailored service offerings at attractive prices. Once the data requirement justifies VSAT, then voice will to all intents and purposes be free.





















About the Author



Philip van Bergen served at sea with Ocean Fleets and P&O Containers, coming ashore in the early ‘82 to specify and implement a number of PC-based systems for the P&OCL fleet. He spent several years as the TRIO container consortium’s Systems Coordinator, managing the development of an EDI bayplanning system. He was then appointed Senior Systems Analyst and Project Manager within P&OCL's systems depart working on mainframe container tracking applications, representing both TRIO and P&OCL in the Shipplanning Message Development Group. Since leaving P&OCL in 1991, he has held senior marketing positions in BIMCOM, EQUANT, Inmarsat and GN Comtext. He is currently principal of Maritime Consultancy Network (www.MCN.eu.com) and Secretary of the Maritime e-Commerce Association (www.MeCA.org.uk).




