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Presenter Notes
Presentation Notes
Hello everyone. My name is Thomas Porathe and I am professor at the Western Norway University of Applied Science. I am making this presentation in collaboration with Erik Styhr Petersen and Margareta Lützhöft. The topic is the Electronic Chart and Display Information System (ECDIS).The ECDIS is a wonderful invention which has improved the safety of shipping immensely over they years since the 1990’s. However, the system is not without its problems, so let me tell you the story of the Norwegian ship Kaami.
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Drogheda

Slite

Presenter Notes
Presentation Notes
The UK Maritime Accident Investigation Branch (MAIB) reports that In March 2020 the 90m long general cargo vessel spent two days in the port of Drogheda, Ireland loading 2000´tonnes of solid recovered fuel bales. The vessel had two-deck-officer going 6hrs-on-6hrs-off. The chief officer was overseeing the cargo operations and the master carried out the voyage planning on the ECDIS for the voyage to their next port of call, which was Slite in Sweden.At half past eight in the evening of March 21st, Kaami departed with a draught of 5.4m aft.Kaami’s voyage then proceeded up the Irish Sea, through the North Channel and, 24 hours later, the vessel reported to Stornoway Coastguard Operations Centre…
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Drogheda

Slite
The Little Minch 
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… on entering the Minches voluntary reporting system in the strait between the Outer and the Inner Hebrides. The strait which the Vikings called Skottlandsfjörd.
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Presenter Notes
Presentation Notes
At 10:55 in the evening, Kaami’s master again reported to Coast Guard that the vessel had entered the Off Neist Point traffic separation scheme – down here. The weather had deteriorated and was by now south-westerly 6 to 9 Beaufort severe gale with rough to very rough following seas. It was a dark night, with total cloud cover, but visibility was good.
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Figure 15: Different routes due to 
weather routeing. Photo of onboard 
ECDIS. Courtesy of MAIB 

ECDIS route

Alternative route
(printed)

Presenter Notes
Presentation Notes
The ship followed the pre-planned route that the captain had made.Just before eleven in the evening (which was midnight by the ship’s onboard time), the chief officer, along with an able seaman, arrived on the bridge to take over the watch from the master.
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Reporting point “F”

Southern 
cardinal mark 
on Eugenie 
Rock

Presenter Notes
Presentation Notes
Two hours later, just before 1 A.M. on March the 23rd, Kaami‘s chief officer contacted the Coast Guard Centre saying that the ship was approaching reporting point ‘F’ which marked the start of the International Maritime Organisation’s recommended northbound route. Kaami, however, followed the planned track, which which took the ship north of the southern cardinal mark on Eugenie Rock.
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Figure 12: Photo of Kaami's ECDIS display 
showing route in comparison to the missing 
cell (indicated by vertical bars) which 
covered the IMO recommended route to the 
north of the Isle of Skye. Courtesy of MAIB.

WP 19

Presenter Notes
Presentation Notes
Kaami was on an autopilot-controlled course of 32° with a speed of 10.6 kts.At1:35, in the morning, a watchkeeper on the near by fishing vessel Ocean Harvest contacted Kaami on VHF to warn that Kaami was heading into ‘shoal waters’. Kaami‘s chief officer responded promptly and he thanked Ocean Harvest for the information, confirmed that he understood and that he would be altering course in the next few minutes.
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WP 19

Presenter Notes
Presentation Notes
Soon after, Kaami‘s chief officer used the autopilot to alter course 10° to starboard at waypoint 19 in accordance with the voyage plan. 
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Figure 4: Aerial view from coastguard helicopter's video showing the general cargo vessel Kaami aground on Sgeir Graidach. Courtesy of MAIB.

Presenter Notes
Presentation Notes
At 1:41, two heavy impacts were felt and the vessel came to a stop.The deck lights were switched on and the chief officer realised that the vessel was aground, and he put the engine telegraphs to stop. 
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The question we may ask is: How could a fully equipped, 
modern ship, with a properly manned bridge, plan a track 
away from the IMO recommended route and run aground in 
good visibility on a charted rock?

Is this yet another ECDIS induced accident?
So, how come we after all these years, still can’t get it right?

And is there something the ECDIS designers can do about it?

Presenter Notes
Presentation Notes
The question we may ask is: How could a fully equipped, modern ship, with a properly manned bridge, plan a track away from the IMO recommended route and run aground in good visibility on a charted rock?Is this is yet another ECDIS induced accident? So how come we after all these years, still can’t get it right? And is there something the ECDIS designers can do about it?
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Kaami’s bridge. Photo curtesy of MAIB.

Main ECDIS.

Port radar

Starboard radar

Backup ECDIS.

JRC JAN 2000 ECDIS

The Electronic Chart 
and Display Information 
System, ECDIS

Presenter Notes
Presentation Notes
This is the Japan Radio Company ECDIS JAN 2000 used onboard the Kaami. The ECDIS is an example of a Safety Barrier.
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Safety barriers

James Reason’s Swiss Cheese Model

Trajectory of accident opportunity

Hazards

Presenter Notes
Presentation Notes
I do not need to introduce James Reason in this forum and the ECDIS is put in place to help navigators avoid mistakes such as wrong position fixes using older manual methods with pelorus and sextant. 
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SAFETY BARRIERS

ECDIS

Presenter Notes
Presentation Notes
And much evidence points to great safety improvements. However, ECDIS has over the years become a very complex system and usability issues show up ever so often in accidents. This is why IMO have demanded a mandatory type-specific familiarisation course on top of the generic ECDIS training all licenced deck officers undertake.And both Kaami officers had done the type-specific course for JAN 2000. So we can tick of this Safety Barrier. Or, maybe not…Because the MAIB on page 41 writes: “ECDIS training undertaken by the ship’s master and deck officers had not equipped them with the level of knowledge and skill necessary to operate the system effectively.” (p. 41). 
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Presenter Notes
Presentation Notes
So is there a problem with either the course or the complexity of the system?Another Safety Barrier is the mandatory Voyage Planning…
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STCW
The International Convention on 
Standards of Training, Certification and 
Watchkeeping for Seafarers, 1978
STCW, 2010, Part 2: Voyage Planning

“The intended voyage shall be planned in advance taking into 
consideration all pertinent information and any course laid 
down shall be checked before the voyage commences.”

Presenter Notes
Presentation Notes
The STCW says: “The intended voyage shall be planned in advance taking into consideration all pertinent information and any course laid down shall be checked before the voyage commences.”
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Kaami’s route passing over shoal waters after WP 19. Photo from the ship’s ECDIS. Courtesy MAIB. 
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Presentation Notes
And as we saw, a voyage plan was present on Kaami’s ECDIS. However, the planned route passed right over the grounding position, in the Minches…
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Figure 16: Route 37 crossing the safety contour before the Kattegat waypoint. ECDIS route showing an area to the north of the Danish coast, as the route passed 
from the Skagerrak into the Kattegat, where the safety contour was crossed Courtesy of MAIB.

Presenter Notes
Presentation Notes
…north of Skagen in Denmark, the track one again passed over shallow water.
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Presenter Notes
Presentation Notes
So maybe we also has to acknowledge this Safety Barrier as breached.
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Voyage plan second check signed by master   IMO A.893(21)

Presenter Notes
Presentation Notes
Resolution A.893(21) further says: “The voyage plan should be accepted and signed by the captain before the departure of a ship.”And so was the case onboard Kaami. However, the normal procedure on ships with thee or more deck officers is that the 2nd mate makes the voyage plan which is then checked by the captain. On a small vessel like Kaami with only two deck officers and the first officer often busy with cargo operations in port, the captain both planned and signed the voyage plan.
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Second check

SOLAS Annex 23 (voyage planning) states the following 
inter alia:

‘Masters, skippers and watchkeepers should 
therefore adhere to the IMO Guidelines taking the 
following measures to ensure that they appreciate 
and reduce the risks to which they are exposed: …
b) ensure that there is a systematic bridge 
organisation that provides for:
- - -

iii) cross checking of individual human decisions so 
that errors can be detected and corrected as early as 
possible’.

Presenter Notes
Presentation Notes
Which misses the point. SOLAS Annex 23 talks about a Second check. The original idea with two pair of eyes checking the plan to avoid mistakes was hereby breached.
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Voyage plan second check signed by master   IMO A.893(21)

Presenter Notes
Presentation Notes
So also this Safety Barrier were breached.But humans make mistakes, it is part of the human condition. Therefore, the ECDIS engineer has come up with a number of smart features to automatically check the voyage plan for potential groundings.But to do this the ships draught has to be correctly fed into the system…
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Kaami’s draught 5.4 m (aft) + Under-Keel Clearance (UKC)

Presenter Notes
Presentation Notes
MAIB writes that “The correct setting of safety contours and safety depth are fundamental aspects of ECDIS use. The safety contour will present a chart to the navigator with clearly defined safe and unsafe water.Kaami departed Drogheda with a deepest draught of 5.40m and yet the safety contour was set to 5.00m and had not been changed since the current crew joined the vessel a month previously. This indicates a significant lack of understanding of the practical use of ECDIS.” (p. 33)
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Voyage plan second check signed by master   IMO A.893(21)

Safety Contour correctly set     IMO A.893(21), 

Presenter Notes
Presentation Notes
But even with the Safety Contour set to 5 meters the ECDIS route Safety Check should warn the captain of the mistake made in the voyage plan as the grounding position was actually a rock with less than 5m of water. 
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Figure 14: Automatically 
generated alarm for crossing a 
safety contour. Courtesy of 
MAIB

Presenter Notes
Presentation Notes
 MAIB writes “It was not possible to ascertain from Kaami’s ECDIS whether a safety check had been conducted for the route before it was used.”A later safety check done of the leg being followed at the time of the grounding (waypoint 19 and 20) identified 15 Errors and displayed the warning seen in this image.
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Figure 8: Voyage planning screen showing XTD and safety check. Voyage 
planning display screen with cross track limit and automatic safety check 
data highlighted. Courtesy of MAIB

Presenter Notes
Presentation Notes
To avoid forgetting to safety check a route the engineers had designed a Check Safety in Editing function which automatically checked each leg as the navigator planted each waypoint. However, in Kaami’s case this function was not activated. To do so there has to be a tick mark in the highlighted box.In some systems a route cannot be activated and sent to the autopilot if the route is not Safety Checked. But Kaami was navigated using manual, not automatic input to the autopilot.
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Voyage plan second check signed by master   IMO A.893(21)

Safety Contour correctly set     IMO A.893(21), 

ECDIS Route Safety Check     IMO, MSC.232(82)

Presenter Notes
Presentation Notes
 So also this Safety Barrier was breached.And there was further problems with the Kaami ECDIS.
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Figure 12: Photo of Kaami's ECDIS display showing 
route in comparison to the missing cell (indicated by 
vertical bars) which covered the IMO recommended 
route to the north of the Isle of Skye. Courtesy of MAIB.

Presenter Notes
Presentation Notes
MAIB writes that: “It is evident from the route analysis that inappropriate scales were used both during voyage planning and passage monitoring. With all information layers selected it is possible for a user’s view to become cluttered. This can lead to the accidental masking of isolated dangers and shallow patches. [---].The master had previously identified the maximum level of information on the ECDIS as being ‘too much’ but had not felt confident enough with the system to change the settings, even after completing generic and type-specific training.”Note also the missing chart cell for the IMO recommended route. 
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Voyage plan second check signed by master   IMO A.893(21)

Safety Contour correctly set     IMO A.893(21), 

ECDIS Route Safety Check     IMO, MSC.232(82)

Inappropriate Scales used     IMO, MSC.232(82)

Missing ENC cell      IMO, MSC.232(82)

Presenter Notes
Presentation Notes
So we need to add Inappropriate scales and missing a chart cell to our list of breached Safety Barriers.But even if the Safety Barriers for the Voyage planning had failed there are more smart features that could have caught the mistakes made.
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Look-ahead functions: the Danger Detection Sector and Vector. 
Illustration from the JRC JAN-2000 Instruction Manual.

Presenter Notes
Presentation Notes
The look ahead feature. This feature compares the depth of the safety contour with the depth in the chart ahead of the ship and generates an alarm if the water is too shallow.The look ahead feature acts as a final layer of safety should a navigational danger be missed by the ECDIS safety check or visual check of the route.
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Figure 9: Look ahead options on Kaami’s JRC 
JAN 2000 ECDIS. Kaami’s ECDIS screen 
showing boxes for activating look ahead were 
unchecked. Courtesy of MAIB.

Presenter Notes
Presentation Notes
But  Kaami’s Look Ahead function was not activated. To do so one or both of the highlighted boxes needed to be ticked.Maritime Safety Committee’s PERFORMANCE STANDARDS FOR ECDIS says: “ECDIS should give an alarm if, within a specified time set by the mariner, own ship will cross the safety contour.”
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Figure 10: Alert buzzer settings all set to zero

Presenter Notes
Presentation Notes
But even if the Look Ahead functions had been activated, no aural alarm would have been given because Kaamis alarm audio buzzers were all set to level 0 (no sound)
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SAFETY BARRIERS

ECDIS

Familiarisation      STCW, regulation I/14, ISM Code section 6.3 

Voyage Plan      STCW, IMO A.893(21)

Voyage plan second check signed by master   IMO A.893(21)

Safety Contour correctly set     IMO A.893(21), 

ECDIS Route Safety Check     IMO, MSC.232(82)

Inappropriate Scales used     IMO, MSC.232(82)

Missing ENC cell      IMO, MSC.232(82)

Look Ahead function inactivated    IMO, MSC.232(82)

The alarm audio buzzers inactivated    IMO, MSC.232(82)

Presenter Notes
Presentation Notes
So this completes the list of breached Safety Barriers onboard Kaami.
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Why did the navigators onboard disable all the helpful features 
design into the system to help them?

Where they even aware of that the features were inactivated 
or that they had missed doing some action?

Fatigue?

Complicated technology. Unintuitive design?
(Low learnability, low usability)

Presenter Notes
Presentation Notes
So given that the navigator did not intentionally grounded the ship, we can ask the following questions:Why did the navigators onboard overlook or disabled all the features, designed into the system to help them?The accident report newer answer that question. One may wonder if they were even aware of that the features were inactivated or that they had missed doing some action?Fatigue probably played a role. And the trust put in the “safe track” laid down in the chart system. A trust that made the bridge crew discard normal night navigation procedures such as checking lighthouse sectors and light buoys.Has complicated technology and unintuitive design something to do with it?
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And what can we do about it?

Presenter Notes
Presentation Notes
And what can we do about it?
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Potential solutions (ranked No to High policing)
1. Nudging for better design. Improved usability through Human-Centred Design. S-mode. 

Presenter Notes
Presentation Notes
Nudging for better design and iImproved usability through Human-Centred Design.Simplification of the HMI is badly needed to get rid of the complexity of settings and different panels. The 30 different manufacturers' different ways of handling the interface is a known problem, and standardisation (S-mode) has met corporate resistance.This has been our standard solution than is now 30 years old. And progress has been done. But there is still much to do, and the question is if this is enough?
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Potential solutions (ranked No to High policing)
1. Nudging for better design. Improved usability through Human-Centred Design. S-mode. 

2. Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, 
activated alarms and look ahead functions.

Presenter Notes
Presentation Notes
Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, activated alarms and look ahead functions.A lot of the ECDIS performance standards only talks about the need to include certain safety functions (like the once discussed here) but it does not say they must be used and active. This can be changed But as we know – will take time.
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Potential solutions (ranked No to High policing)
1. Keep nudging for better design. Improved usability through Human-Centred Design. S-mode. 

2. Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, 
activated alarms and look ahead functions.

3. Prevent “dangerous” settings, e.g., the ability to turn off alarms, buzzers and warnings, inactivate look-ahead 
functions and automatic route checks. Remove the possibility to set faulty Safety Depth and Safety Contour. (How? 
Automatic draught gauges? Set by harbour authorities?)

Presenter Notes
Presentation Notes
Prevent “dangerous” settings, as the ability to turn off alarms, buzzers and warnings, inactivate look-ahead functions and automatic route checks. Can we remove the possibility to set faulty Safety Depth and Safety Contour. How? Automatic draught gauges onboard or draught set by harbour authorities?
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Potential solutions (ranked No to High policing)
1. Keep nudging for better design. Improved usability through Human-Centred Design. S-mode. 

2. Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, 
activated alarms and look ahead functions.

3. Prevent “dangerous” settings, e.g., the ability to turn off alarms, buzzers and warnings, inactivate look-ahead 
functions and automatic route checks. Remove the possibility to set faulty Safety Depth and Safety Contour. (How? 
Automatic draught gauges? Set by harbour authorities?)

4. Clears visual indicators when ECDIS’ settings are not complete.

Presenter Notes
Presentation Notes
Clears visual indicators on the top screen when EDIS’ settings are not complete. We do not know is if the bridge crew on Kaami even know that several of the Safety Barriers were inactivated.
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Potential solutions (ranked No to High policing)
1. Keep nudging for better design. Improved usability through Human-Centred Design. S-mode. 

2. Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, 
activated alarms and look ahead functions.

3. Prevent “dangerous” settings, e.g., the ability to turn off alarms, buzzers and warnings, inactivate look-ahead 
functions and automatic route checks. Remove the possibility to set faulty Safety Depth and Safety Contour. (How? 
Automatic draught gauges? Set by harbour authorities?)

4. Clears visual indicators when ECDIS’ settings are not complete.

5. Lock down ECDIS if all mandatory settings is not OK. Is this too much?

Presenter Notes
Presentation Notes
Could we Lock down ECDIS if all mandatory settings is not OK. Allowing only emergency navigation?
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Potential solutions (ranked No to High policing)
1. Keep nudging for better design. Improved usability through Human-Centred Design. S-mode. 

2. Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, 
activated alarms and look ahead functions.

3. Prevent “dangerous” settings, e.g., the ability to turn off alarms, buzzers and warnings, inactivate look-ahead 
functions and automatic route checks. Remove the possibility to set faulty Safety Depth and Safety Contour. (How? 
Automatic draught gauges? Set by harbour authorities?)

4. Clears visual indicators when ECDIS’ settings are not complete.

5. Lock down ECDIS if all mandatory settings is not OK. Is this too much?

6. Social control. Flag ships AIS target as “unreliable” through an AIS message, e.g., “Voyage plan not Safety Checked.”

Presenter Notes
Presentation Notes
Can we flag ship’s AIS symbols as “unreliable” if setting are not OK? This could be a way of adding social pressure to navigators to make sure the systems are correctly set. (And by extension, to manufacturers that their systems are so easy to use that navigators can do it.)
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Potential solutions (ranked No to High policing)
1. Keep nudging for better design. Improved usability through Human-Centred Design. S-mode. 

2. Regulations.  Recommendations and guidelines should be firmer, e.g., Ships MUST sail with safety checked routes, 
activated alarms and look ahead functions.

3. Prevent “dangerous” settings, e.g., the ability to turn off alarms, buzzers and warnings, inactivate look-ahead 
functions and automatic route checks. Remove the possibility to set faulty Safety Depth and Safety Contour. (How? 
Automatic draught gauges? Set by harbour authorities?)

4. Clears visual indicators when ECDIS’ settings are not complete.

5. Lock down ECDIS if all mandatory settings is not OK. Is this too much?

6. Social control. Flag ships AIS target as “unreliable” through an AIS message,
e.g., “Voyage plan not Safey Checked.”

7. Automatic message to VTS and Coast Guard Centres if mandatory ECDIS
settings are not followed.

Presenter Notes
Presentation Notes
And finally: Sending Automatic message to VTS and Coast Guard Centres if mandatory ECDIS settings are not followed.These are just some working ideas put on the table for further discussion.Thank you for listening.
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Thank you for listening
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