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1.
INTRODUCTION

At present, ECDIS is still a paper chart with an electric plug. What is missing, and what ECDIS is capable of providing, is the dynamic display of temporally variable information essential for navigation, but which is frequently not sourced from, or not controlled by, the Hydrographic Offices.

The idea of incorporating time variables in ECDIS is not new. It was first introduced to the then  Data Base Working Group of the International Hydrographic Organization (IHO) in 1993. A study group was established the following year to examine the need for what had been termed “Time Varying Objects” (TVO) which were defined as “objects which  change in a regular predictable manner”. This way tides, currents (tidal and non-tidal) and magnetic variation have been incorporated in ECDIS. However, in reality all objects which make up the electronic chart, including soundings and coastlines, can and do change with time with varying frequencies. Not all the changes are regular or predictable. Therefore, the recent workshop on Development of Time Varying Objects for ECDIS held in Monaco in January 1998 [IHO 1998-1] decided that the name for temporally varying phenomena should be changed to Marine Information Objects (MIO) to include all non-cartographic objects which change with time, irrespective of frequency, predictability or regularity. The recommendations of this workshop are the first step to determine the shape of the next generation of ECDIS. As a result, IMO, IHO and IEC may find it necessary to extend the existing standards, or to develop the new ones.

One can think of any number of time variable phenomena that could be incorporated in ECDIS, but this would cause an information overload for the mariner. Before considering any new MIO, three questions must be answered:


Is the information essential to navigation?


What do the users (not only mariners) want?


What data are available?

The first question is most important. At this stage, when the official ENCs are still not numerous, we cannot dissipate our means on unnecessary additions to ECDIS, and have to concentrate on the aspects essential to navigation. However, other users are already interested in ECDIS, and if their needs can be easily accommodated, the relevant information should be provided. Data availability and accessibility is a complex issue. Not all non-cartographic data are universally available, their quality is variable, and frequently there is no suitable infrastructure to make the relevant information easily accessible to the marine community. 

2.
MIO OVERLAYS UNDER DEVELOPMENT

Superimposing various sets of information on the paper chart would create a clutter o symbols and  characters which would render the chart itself totally unreadable. One would need several charts for the same area with different sets of additional information to make some sense of all the data. Even then, the display would be static, representing a snap-picture of a particular moment in time, without a possibility to see the temporal development of the variables.

One of the advantages of ECDIS is its ability to be used as a marine Geographic Information System (GIS) [Andreasen 1994]. There are many various types of data useful for navigation that are available today but cannot be shown on the paper chart due to the scale limitations and the resultant clutter. Some of these data may be even not available in other navigational publications like Sailing Directions or Tide Tables as they are outside the responsibility of the Hydrographic Offices (weather, VTS, oceanographic data, etc). This information can be included in ECDIS in form of multiple layers or overlays to be displayed as and when required. Each such overlay will carry data pertaining to one kind of information, e.g. we may have tidal overlay, meteorological overlay, VTS overlay, etc.

Each overlay can be regarded as an additional dimension of data. It is an integrated digital layer of thematic information which can be called upon to be displayed on the ECDIS screen, overlaying its contents on the electronic chart. This ability of ECDIS to display the data on demand reduces the chart clutter and makes for a clearer, easier to use chart. The level of details to be displayed, and the method of display can be controlled by the mariner. The overlays will provide seamlessly the required information derived from several sources - models, forecasts, predictions, built-in subroutines, as required. It will be interfaced to the real-time data transmitters, where available. ECDIS will become a real Marine GIS rather than a simple electronic chart when the new overlays containing the MIO data are produced. The integration of the MIO with electronic charts will make navigation safer and more efficient.
2.1. Tides, tidal streams, currents, magnetic variation, ice

Only few basic MIO were introduced into ECDIS specifications in the first instance. Tides, tidal streams, currents and magnetic variation have been incorporated in ECDIS via S-57 [IHO 1996-2] in a very comprehensive way which allows for all the developments foreseeable in the near future. Tides, tidal and non-tidal currents are at present displayed in a very basic way only, however the recommendations from the IHO Tidal Committee [IHO 1997] regarding the water level and water flow information allow for, and encourage, more sophisticated displays than the mandatory minimum. Water level and water flow overlays are being prepared by several ECDIS developers. 

Magnetic variation appears to be a non-issue for ECDIS, while ice overlays will be developed soon. The recommendations to the IHB from ice workshops held during the last few years should result in extensions to the standard to include new objects and attributes which will allow for a comprehensive inclusion of ice information.

2.2
Weather

The mariners give the highest priority to weather information, and this is expected to be the next development in ECDIS. As a result of the Monaco workshop recommendations, a specialised workshop on Meteorology and Oceans For ECDIS was held at the World Meteorological Organization (WMO) in Geneva in May 1998 [IHO 1998-2].

The workshop discussed the non-chart meteorological and related oceanographic features which could be represented as MIO and used in ECDIS. It was agreed that the basic display of meteorological data on an ECDIS screen should follow the mandatory requirements of the Global Maritime Distress and Safety System (GMDSS):

Wind,

Sea state,

Visibility,

Significant weather

These mandatory GMDSS requirements for the weather forecasts are at present sent in plain written language and as weatherfax which can be adapted for ECDIS. Any other information is optional for general forecasts, however it may be of value to SAR operations, and is then provided. Ice accretion is also mandatory under GMDSS but, as stated above, its inclusion in ECDIS has been already dealt with at a series of specialist workshops.

The format of data transmission to vessels has been also discussed. WMO provides several standards for data transmission (ASCII, binary, Weatherfax), but there is no provision for a format readable by ECDIS at present. S-57 format is a possibility, however some countries responsible for data transmission in their GMDSS areas of responsibility may find it impossible for financial reasons. The plain text GMDSS messages may be interfaced with ECDIS after format conversion, and it is possible that graphic images could be transmitted in the future. If transmission of these images using S-57 format is too costly, then the existing WMO formats may have to be used for transmission, with format conversion being performed within the onboard ECDIS.

The present WMO colours and symbols for meteorological data are strictly adhered to by the WMO member states. The workshop recommended that ECDIS should follow the WMO requirements and symbology. This symbology will have to be incorporated in the S-52 Standard [IHO 1996-1].

Work on the weather overlays has been started by at least one ECDIS developer in close cooperation with WMO. Basic objects and attributes have been created, and various methods of display tested. Several national meteorological services expressed willingness to cooperate on this project and to provide data. Rapid progress may be expected in this area.

2.3 VTS and AIS

Another overlay under development will be showing the Vessel Traffic System (VTS) and Automatic Identification System (AIS) information. This requirement started from the VTS centres, but similar information can be provided directly to the ships. Two different applications are envisaged:

1. Transmission of selected information from the VTS centres to ships


2. Ship to ship transmission of own AIS information

At present, the VTS centres use ECDIS for an overview of the shipping in their areas of responsibility and send instructions using mostly the VHF communication. However, with development of the VTS/AIS overlays and of the relevant infrastructure, these instructions can be sent directly to the vessel’s ECDIS. Such transmissions from the VTS centres will include the information deemed necessary by these centres for safety of navigation. In addition, the centres can send the recommended or mandatory route changes to be displayed on the ship’s ECDIS. This implies the need for the planned route information to be also transmittable from ships to the VTS centres. The mandatory route changes could overrule the original routing laid out by the ship’s navigator. Any changes performed remotely by the VTS centres would have to be clearly flagged. IALA already submitted a proposed list of objects and attributes relevant to VTS.

The information about the vessels in the vicinity of one’s ship is usually obtained from radar. This provides approximate position and vessel’s course and speed. The AIS transponders are capable of providing much more information which they already send to the VTS centres.  In addition to more precise speed, course and position obtained from the vessel’s GPS, they also identify the vessel and supply her basic handling characteristics. It would be of benefit to safety to have this information available to other vessels. In addition, the AIS information could be of use outside the VTS areas in the situations where there is a need to identify a vessel at sea for legal or other reasons. A prototype of such an ECDIS overlay for the AIS information from ships has been already built and tested. 

3. FUTURE MIO

The workshop on Development of Time Varying Objects for ECDIS (Monaco, Jan. 1998) [IHO 1998-1] identified several more MIOs that are of importance to navigation and established their priorities. In addition, it received advice from the IHB, that thematic overlays would not infringe on the type-approval of ECDIS, provided the International Maritime Organization (IMO), which is a regulatory body in most matters concerning ECDIS, approves of them. The most likely new MIO overlays will include:

3.1 
Underkeel clearance

The knowledge of the amount of water under one’s keel can be a difference between a safe passage and a disaster. Until now, the mariners had to rely on tide tables in some areas and on radio transmissions from port authorities in others. Some passages are impossible without the local knowledge and experience of the pilots. The underkeel clearance overlay will be able to provide a clear, visual display of the situation before approaching such critical areas. The information for such an overlay will have to come from the shore-based servers, as depth of water in such areas depends very much on the short-term meteorological and oceano-graphic variables. Depending on the conditions, a shore system can include only tidal predictions corrected by the real time depth of water, or can be built around a model accounting for all available variables with final tuning by the real-time data inputs. If known, the vessel hydrodynamic characteristics, such as squat, can be also taken in the account by the shore systems.

ECDIS display of  under-keel clearance information will vary depending on local conditions and user requirements.

3.2
Identified and unidentified floating objects

The seas are full of floating objects and some of them can be a hazard to navigation. They range from wrecked ships and boats abandoned in a storm to containers lost from deck. In addition, there are oil and chemical spills, the knowledge of which is vital to the protection of the environment. Most of these objects are identified when spotted, but in some cases, it may be difficult to determine exactly what is floating by. The unidentified status is usually lost by the second sighting of the same object.

At present, the ships pass the information about the sightings of the floating objects via radio to shore and other ships. No tracking of them is usually undertaken. With the capabilities of the present day numerical models assisted by the real time data, it is possible to determine the drift of various objects in various conditions, provided the object characteristics are known. An operational model for North and Baltic Sees developed by the German Hydrographic Office (BSH) is already used for such predictions [BSH 1995]. It is envisaged that information about identified floating objects will be send to the shore installations where their drift can be predicted and send back to the vessels to be displayed on the ECDIS screens. 

3.3 
Water and air temperature

This information is important for safe navigation in the polar waters where the combination of the two temperatures can lead to ice accretion on the vessel’s hull and superstructure. It is also useful for the ships carrying cargo susceptible to the changes in temperature. In addition, it can be of prime importance to the Search and Rescue (SAR) operations, especially in colder climates. The SAR services obtain the temperature data directly from the meteorological offices, but this information can be easily converted for ECDIS display (e.g. in form of isotherms) should these services require it.

There is no doubt that more MIO will be identified and developed in the future. ECDIS will fulfil one of its early promises and will become a fully-fledged Marine GIS. At the same time, it should be recognised that each new overlay may require changes or additions to the IHO Standards S-52 and S-57 and possibly even to the IMO Performance Standards for ECDIS [IMO 1994]. New objects, attributes and symbols will be required, and some of them may be developed outside the Hydrographic Offices, but all should find their way to the official standards.
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