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Dr Andy Norris reviews new developments in technology enabling navigators to make multiple checks about where the ship actually is
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A good navigator checks regularly on all available navigation inputs to ensure that the information is consistent. Any inconsistencies are then investigated rapidly.

For instance, in coastal waters visual fixes of charted objects and features are compared with GPS positions.

An excellent consistency check used by many navigators is to set a motion-stabilised radar to show true motion trails. 

If appreciable trails show-up on known fixed targets it immediately indicates that there is a likely problem with the position fix or gyro. This is a quick and reliable assessment technique, which should perhaps be used more regularly by all navigators. 

Without doubt, there are many instances when good practice in checking for consistency is not being rigorously followed. 

Occasionally, failures to check lead to accidents. These sometimes become causes célèbres – like the grounding of the Royal Majesty cruise vessel; a result of over-reliance on data from a single GPS installation, which had become faulty.

We are in a position today, where the number of ‘independent’ electronic navigational inputs is beginning to multiply.

As the amount of navigational data on a vessel increases, the human task of checking for inconsistencies becomes an ever time-increasing and tedious activity, prone to error, yet evermore important.

Ironically, the increasing reliability of electronic navigation tends to create an impression that it’s ‘always right’ - therefore it doesn’t have to be checked so often. 
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Automated checks

With the increase in data and to make consistency checking more reliable, it is increasingly necessary to apply a degree of automation in checking for data consistency.

This gives the mariner more time to concentrate on situational awareness – particularly, ‘looking out of the window’ and cross checking the visual situation with the radar/AIS and the chart.

In particular, more time can be given to the avoidance of close-counter situations and into the careful planning of any necessary collision avoidance actions.

SUBHEAD

Navigation integrity

The quest for consistency leads to the concept of integrity. Whether at a sensor level or at an integrated level it is useful to have a measure of the integrity of the data.

In 1999 IMO defined integrity as: “The ability of the system to provide the user with information within the specified accuracy in a timely, complete and unambiguous manner, and alarms and indications within a specified time when the system should be used with caution or not at all”. 

The first internationally required maritime application of this concept for a sensor application has been in GPS. All new receivers must be able to display integrity information with the position: safe, caution and unsafe, depending on the estimated accuracy of the fix.

This estimation is made by using RAIM techniques (receiver autonomous integrity monitoring), which essentially monitors the integrity of the satellites by forming and comparing position fixes using all the in-view satellites.

By this method ‘rogue’ satellites become instantly recognised and are then left out of future estimations of position

At a systems level, IMO’s recommendations for integrated navigations systems (INS) contain a requirement for a ‘consistent common reference system’ (CCRS). 

This is the module where integrity calculations take place on all the electronic navigational information being collected by the INS. 

It prevents automatic systems, such as track controllers (the equipment which provides automatic steering commands to keep the vessel on a predetermined track), from operating unless the integrity of the data used is adequate.

The CCRS also ensures the consistency of all information distributed and displayed on the vessel to ensure that all navigation displays and equipment will show and utilise common data.  

Ideally, (but not necessarily), the CCRS generates a single and mutually consistent best estimate of all the navigation parameters used onboard the vessel, such as position, speed and course over ground and through water, heading, rate of turn, set and drift.

Associated with each of these parameters is an integrity indication. On demand displayed information could include the estimated accuracy of the parameter and, if the integrity is compromised, the reasons why.

Working Group 10 of the International ElectroTechnical Committee ‘Technical Committee 80’ (IEC TC80) are now finishing off the standards for INS, which include detailed requirements for the CCRS and for integrity calculation/labelling of navigation data.

From 2005 it will enable INS equipment to be type approved to this standard.
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Data explosion?

So what is all this additional sensor information that the navigator is going to have to cope with?

Perhaps the most important is data from additional satellite position fixing systems. Galileo, the predominately EU funded programme is on track to provide good global coverage before the end of this decade.

Additional funding is being put into the Russian navigation satellite system, Glonass, which may make it suitable to be used for commercial maritime global navigation even before Galileo gets going.

In principle, then, there are three independent satellite systems, which could be in commercial maritime use within the next 5 years; GPS, Glonass and Galileo. 

To add greater complexity, differential positioning stations could utilise all three of these satellite systems, improving both accuracy and integrity in the regions covered by such stations. .

Manually comparing the data from each of these systems is not a task that best suits the human navigator. 

Automatic checks are faster and more reliable. Data checks carried out in the CCRS can occur at a rate of once per second, to give a virtually instantaneous alert to the navigator when a problem arises.

A well-designed checking system will fail ‘safe’ in abnormal circumstances (such as equipment failure), triggering an alarm.

Clearly, manual checks must still be made possible to enable the navigator to gain confidence of the system, to use as a back-up in case of failure of the automatic system and to allow the user to check-out failure alerts.

For integrity purposes it is far best for each of the position sensors, including antennas and cabling, to be independent and not boxed in a single unit.

This not only gives complete redundancy but the system would then be able to detect automatically, local malfunctions of an individual sensor that may not be self detectable by the faulty unit.

A more immediate source of additional navigational data is the Automatic Identification System (AIS). This has given the mariner an enormous amount of additional data.

Much of this data is useful now, particularly to augment radar/ARPA data. Unfortunately, an unsatisfactory percentage of this data is incorrect and is rightly causing some concerns.

A future developed INS could take this data and compare (correlate) it with tracked data from a sophisticated ARPA radar. The latter would be forming internal tracks of all targets, even if these are not displayed by the operator. 

This would not only help identify rogue AIS targets but it would also be able to detect problems with the ARPA, gyro and position fix system of own vessel.

In a very real sense the collective views on position from surrounding vessels are being used as an additional check on the integrity of the navigational parameters of own ship.

A situational display of the future (probably a development of the existing standard for ‘Radar with chart facilities’) will be able to show targets with shape and colour coding. Navigational marks and vessels would be distinguishable as well as targets/clutter that cannot be identified.

 ‘Clicking’ on a target will give more information about it, derived from AIS and radar data and will give the option to display a velocity vector. (ENC data on navigational marks would, naturally, also be available).

Technology is truly set to provide the mariner with high integrity navigational data, with ever increasing safeguards against system failures.  

