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PART 6: CONCLUSIONS

PURPOSE

In this study MAIB and DMAIB set out to investigate ECDIS use from the perspective of practition-
ers with the aim to generate an understanding of the practical application and usability of ECDIS
against the intention of ECDIS standards and design. In this respect, the study has been successful,
largely due to the frankness and openness of ECDIS users reporting how ECDIS were being used.
The views of the various other stakeholders and data from published accident investigation reports,
technical standards and academic papers and industry articles connected with ECDIS also provided
invaluable alternative perspectives and insights.

FINDINGS

SPECTRUM OF USE

1. The wide spectrum of ECDIS use, from paperless ships with a high level of bridge system
integration to ships where ECDIS was simply used as a paper chart on a screen has resulted
in the gradual divergence of the way ships are navigated. User perspectives and navigational
practices were thus found to be highly contextual.

OVERALL BENEFITS

2. Across the spectrum, users identified the ECDIS’ main contributions to safe navigation as
the reduction in workload and the increase in situational awareness resulting from real-time
positioning.

3. ECDIS’ reliability and the integration of ECDIS with other navigational systems were seen as

benefits. Users rarely experienced significant malfunctions, and they were generally found to
trust both the information provided by ECDIS and its technical reliability.

4. Some ECDIS functionalities were seen to reduce the manual labour of updating charts, plot-
ting routes using waypoints, etc., but these functionalities were not necessarily viewed as
contributing to safe navigation per se.

CHALLENGES

General

5. The distraction of alerts and alarms, particularly during pilotage, lead to coping strategies in-
cluding; not setting alarm parameters (e.g. safety depth, guard zone and lookahead), muting
of alarms where possible, and physically disabling alarm sounders when electronic muting
was not possible.

6. The pictorial depiction of ‘safe’ and ‘unsafe’ water was seen as impractical in many instances.

This has resulted in both ‘official’ and ‘unofficial’ workarounds in an attempt to optimise the
display to the best extent possible, or the safety contour being ignored altogether.
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The number and types of alerts generated during automatic route checks diminished the
value of this facility for many users. Some simply ignored or bypassed the route-check func-
tions, preferring to rely solely on a visual check of the route. Planners that attempted to use
the route-check felt it was easy to miss safety critical alerts among numerous, less significant,
warnings and cautions.

Interface and menu complexities increased cognitive workload, particularly in busy environ-
ments, which resulted in users becoming overly focused on ECDIS to the detriment of other
sources of information.

Technical Standards and Capability Shortcomings

9.

10.

11.

12.

13.

14.

The IMO ECDIS performance standards do not consider the differing contexts of ECDIS use,
any variability of paper chart practices that existed before the system’s introduction, or the
potential consequences of integration the system has facilitated. They also do not account for
the limitations of hydrographic and bathymetric data available.

Users’ minimalist approach to ECDIS functionality, difficulties related to tackling system prob-
lems, the frequency and irrelevance of alarms leading to alarm normalisation and disablement,
the difficulty in defining safe water with the safety contour, and behavioural aspects such as
‘reliance’ and ‘not looking out of the window’, indicate there are significant underlying issues
with ECDIS design.

The unpopularity of many alarms and alerts related to ECDIS functions among users sug-
gests that the decisions to automate such elements appear to have been based on technical
possibilities rather than an adaptable blending of human and machine capabilities and that
the consequences of such automation were not fully tested in varying contexts with differing
degrees of system integration, different manning regimes, and differing levels of bathymetric
data.

Residual manual tasks are frequently more difficult to complete using ECDIS than on paper
charts. ECDIS design requires significant cognitive resources to use its functions, and unless
ECDIS design is improved to better support naturalistic decision making and its functions are
easier to use, then a minimalist approach is set to continue, and safety might be compro-
mised.

The variability and poor fidelity of hydrographic data in many regions result in the automated
use of the safety contour to define safe and unsafe water, and to alert the watchkeeper to
potential grounding hazard, working sub-optimally.

The consequence of the above shortcomings is that current ECDIS rely heavily on user in-
tervention to achieve ‘safe’ navigation. This is not unexpected, but it indicates that current
ECDIS, bridge integration and hydrographic/bathymetric data fall well below the standards
needed if navigation processes are to be further automated.
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Influence on Practice

15.

16.

17.

ECDIS has expanded the bridge watchkeeper’s role in maintaining the safety of a vessel by
increasing the data available that requires management, assessment and interpretation. To do
this, watchkeepers must acquire skills through training — training that differs considerably to
the training associated with paper chart navigation.

Although the intent was for ECDIS to replace paper charts, its introduction has significantly
changed navigation practices. Passage monitoring has been made simpler through continu-
ous position plotting, but passage planning has become more complex if the full benefits of
the system are to be realised. Digital waypoints can be used in multiple ways and have sig-
nificantly greater utility than their paper chart forebears, and automated alarms and alerts can
be set to warn the watchkeeper of impending hazards or deviations from the plan. However,
users reported that when the parameters underlying the alarms and alerts either are not, or
cannot be set appropriately, they are, at best, of limited value and, at worst, can be a signifi-
cant burden and distraction.

Some traditional navigation practices have not transitioned well to the digital world. Input-
ting radar parallel indices, limiting danger lines or lines of position and writing text notes are
cumbersome tasks, which deter many users from their use. Conversely, a digital equivalent
to plotting lines of position, the radar image overlay, has yet to become fully accepted as a
legitimate means of position verification.

Competency/Training

18.

19.

20.

The study found a broad range of competence amongst the planners interviewed and ob-
served. Most reflected that the task of plotting the route itself was simpler, and those with
paper chart planning experience felt the digital system was easier and quicker than the pro-
cess of transferring tracks from large scale to small scale paper charts. Thereafter, skills and
competence varied widely. Some planners did not understand the difference between safety
contour and safety depth, which perhaps raises questions about the quality of the training
they had undertaken. Those that did understand the relevance of the various safety settings
were seldom observed exploiting them to maximum advantage, and many defaulted either to
the standard settings articulated in the company SMS, or to settings they had found worked
satisfactorily on previous passages.

The study found that watchkeepers were confident in utilising basic ECDIS functionalities
aimed at providing an overview of the ship’s position and the progress of the voyage. These
functionalities, which automate the simple, repetitive and time-consuming tasks previously
done on paper charts, were appreciated and well-understood by the users. However, the
majority of users were found to have little in-depth understanding of how to appropriately
configure and adjust ECDIS functionalities to match differing navigational contexts, some be-
ing reluctant to manipulate settings for fear of being unable to restore the settings they were
currently using. The users generally held the view that these functionalities added to their
workload, and they were found to rely on a compliance-based approach to navigation, based
on the procedures for paper chart navigation.

Watchkeepers remain at standby to take over and manually perform navigation should the
automated functions fail, for whatever reason. However, their paper chart-based navigational
knowledge and skills are eroding, which is reducing their ability to act effectively as a backup
to the ECDIS.
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21.

22.

23.

Few watchkeepers used the onboard manuals for trouble-shooting when confronted with
a navigation task they could not complete, instead deferring to the expertise of colleagues,
usually the ship’s designated passage planner. Passage planners themselves felt that the
ECDIS training they had undertaken had not prepared them well for some tasks, and many
cited difficulties with chart updates that could only be resolved in port or with shore-based
support. Very few users were curious to learn more about the systems they used, and some
were completely relaxed that the ECDIS, ‘like a mobile phone’, would have functionalities they
would never need, and therefore did not need to know.

The development of best practices was found to be in its early stages as the industry is
learning how the ECDIS and other integrated systems are most expediently applied across
the spectrum of use. The variety of navigational practices found during the study suggests
that the ECDIS is still in an implementation phase, in terms of how the ECDIS is to be used on
board, making a standardised training regime difficult to define.

It is questionable whether the current generic IMO model course and type-specific familiar-
isation are sufficient for users to reach proficiency across a range of navigation tasks that
include: voyage planning, voyage plan approving, passage monitoring, system updating and
trouble shooting. Further, some type-specific familiarisation involving on-the-job training and
computer based self-tuition, while expedient, is not providing the training required to become
an expert user across the spectrum of system configurations and navigational contexts.
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PATHWAYS TO IMPROVEMENTS

BASIS FOR CHANGE

On completion of the draft of this report, copies were sent to industry organizations and bodies
with a stake in ECDIS. The stakeholders were invited to review the draft report, and based on the
study’s findings, identify areas in which the ECDIS ‘experience’ and its contribution to safe naviga-
tion could be improved. This study highlights ECDIS’ contribution to safe navigation through its real
time continuous position plotting. However, while some findings point towards specific problems
encountered by users, when viewed holistically, the findings of this study in conjunction with the
stakeholder feedback received, indicate deep-rooted, structural flaws in the way that the introduc-
tion of technology is approached by the international maritime industry.

IMPLEMENTATION AND IMPROVEMENT

A major theme that emerged from some stakeholder feedback supported that, although ECDIS has
been in development for about 25 years, it was still seemingly in an ‘implementation’ phase’ — a
phase in which the maritime industry, particularly the IMO, has very few mechanisms to collect and
act upon user feedback to improve the functionality of this critical system. The governance in place,
particularly the committee and sub-committee system on which the introduction and the continuous
improvement in the maritime industry depends, are too bureaucratic and the meetings too infrequent
for the task.

On the other hand, manufacturers have continued to expand the technical standards, and the IHO’s
revision of the ENC presentation library has helped to reduce the number of alarms to some degree.
However, overall improvements to the systems’ usability have not been fully realised. Consequently,
many of the problems initiated by the combination of some specific requirements of the ECDIS per-
formance standard, the absence of bathymetric fidelity, and a lack of human centred design persist.
Such problems include alarm fatigue, too small a screen size, the inability to effectively separate
safe from unsafe water, difficulty in undertaking residual manual tasks (e.g. writing notes), and many
ECDIS-fitted ships still having to carry and use paper charts.

In view of the potential relatively rapid changes in the technologies and standards available for use
in navigation introduced by manufacturers and the IHO, navigation equipment and practices per se
are likely to remain transitional i.e. undergoing constant change. In the dynamic environment result-
ing from digital transformation and the continuing integration of information ‘layers’, it is imperative
that ‘user feedback’ and the impact of technology on practice is quickly acknowledged and acted
upon. This requires agility and would require the IMO to restructure its processes for introducing and
continuously improving navigation-related technologies to ensure that:

I e The principals of human centred design are followed.

e Mechanisms are in place to enable user experience and feedback to
quickly influence technological change and recognised navigational
practices.

e Performance standards are goal-based rather than prescriptive to
enable continuous development, to enable systems to meet different
contexts of use, and to avoid difficulties associated with mandatory
features.
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TRAINING

The study’s findings and stakeholder feedback also indicate that the navigation training require-
ments and arrangements for ECDIS had remained ‘transitional’ i.e. the move from paper charts to
ECDIS. The 5-day ECDIS model course remains extant despite it being likely that nearly all the navi-
gators who were trained solely on paper charts and had to complete the ECDIS training have already
done so, and most of maritime colleges continue to teach navigation with paper charts. Although
college courses incorporate the model course syllabus and provide simulator time in their syllabi, the
simulator time is typically spread out over time and limited due to cost. Consequently, cadets often
start their sea time with little or no ECDIS knowledge and newly qualified navigators are frequently
ill-prepared and must cope with the difficulties associated with ECDIS without really knowing how
the systems works. The sparseness of simulation time also results in them also having little expe-
rience in managing the different navigational layers (radar, AlS, ENC etc) in integrated systems, or
managing navigation alarms.

Most commercial vessels today are navigated using ECDIS or some form of electronic chart and
plotter in conjunction with satellite derived positioning due to the advantage and contribution to
safety derived from continuous position plotting in real time. In tandem, the use of paper charts
has diminished, making its recent naming as the ‘standard navigation chart’ a misnomer. With the
proliferation of ECDIS, the ENC is now the standard, but this is not yet accurately reflected in the
STCW or the Voyage Planning Guidelines on which navigation training and practice are based, or in
the training available.

This transitional state, in which neither training nor the guidelines for practice requirements accurate-
ly reflect the realities of ENC and ECDIS use at sea is anachronistic. It contributes to the knowledge
and functionality gaps identified in this study, it does not recognise the new challenges encountered
when voyage planning, monitoring and updating charts in ECDIS, and it encourages the teaching of
conflicting navigational strategies (ENC and paper charts) in the maritime colleges. That several large
ship operators undertake their own bridge simulator training underlines the lack of trust and value in
the current training arrangements. The 5-day model course and familiarisation ‘on the go’ is far from
sufficient when operating critical safety equipment.

To enable training to keep pace with ‘real-world’ practices in today’s era of digital transformation
in which ENCs are dominant and paper chart use is in decline, several key actions will be required.
These include:

ENCs and that a Model Course is available for the teaching of paper

° Ensuring that the focus of core navigation training is taught using
]:[ chart navigation.

o Encouraging flag states, maritime colleges and ECDIS manufactur-
ers to work together to develop and provide technologies that will
increase the simulation time available and enable students to com-
plete ENC related assignments remotely.

° The revision of the layout and requirements of the maritime Con-
ventions and navigational guidelines to reflect the predominant use
of electronic charts and other digitised data, and the increasing
importance of managing the different navigational layers in an INS
(including the advantages and disadvantages of using radar overlay
to verify position).
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DESIGN AND PERFORMANCE

The lessons learned through this report and how the industry reacts to address these issues will
certainly have an impact on how the maritime industry moves into the future, where increased auto-
mation, Al and decision support systems will be inevitable.

Although stakeholders were unanimous in the view that the ECDIS was a contributor to safe navi-
gation, several expressed that ECDIS design be improved to make the system easier to use, reduce
the number of alarms and enable better customisation for specific navigational contexts. In this
respect, the incorporation of human-centred design and human experience will be of significant
benefit. Stakeholder suggestions for improvement included making the system ‘smarter’ by utilising
algorithms and real time tidal data, the provision of better interfaces to make residual manual tasks
easier (e.g. the e-pelorus for taking and plotting visual LOPs, and bigger screens), rapid and easy
access to all key system settings (system status) similar to a conning display, and more standardi-
zation of displays and functions.

It was also expressed that ECDIS suffers from being a compromise between being what a paper
chart looks like and what could be displayed to meet user needs and the demands of differing con-
texts if all available data is utilised. For example, depth contours on paper charts are the construct of
the cartographer and it is often the lack of contour density on the ENC that makes the ECDIS ‘safety
contour’ inaccurate in separating the safe from the unsafe water. However, far more depth data is
usually held by the hydrographers and other organizations than is displayed on nautical charts.

Although the lack of bathymetric fidelity in some areas of the world will persist for many years, high-
definition bathymetry data is due to be made available for many geographical areas through S-102
(the IHO’s Bathymetric Surface Product Specification). The use of this (gridded) data in ECDIS would
allow future ECDIS to generate a far better depiction of the best estimate of safe and unsafe waters,
based on the required user inputs (and potentially CATZOCs). In effect, the system would draw its
own safety contour rather than be limited to the depth contours currently included in ENCs.

However, to allow this high-definition bathymetry to be used and adjusted in ECDIS to incorporate
the height of tide will require amendment to the current hydrographic and performance standards.
It will also require mechanisms to ensure that ECDIS and its users are not overwhelmed by large
amounts of unnecessary data. Therefore, the benefits of the use of high-definition bathymetry data
would bring to ECDIS performance can only be realised if the IMO, the IHO, and ECDIS manufac-
turers:

safe from unsafe water in ECDIS, balancing the benefits of high-defini-

X e Work together to facilitate the accurate and automatic separation of
tion bathymetry against the drawbacks of enormous data sets.
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ACTIONS AND POTENTIAL ACTIONS WITH RESPECT TO ENCS

During 2021, IHO’s Worldwide ENC Database Working Group (WENDWG) developed a questionnaire
intended for ENC producers to report their production plans of HD ENCs, noting the increasing im-
portance of understanding global plans regarding HD ENC production. The WENDWG questionnaire
has several general objectives, including:

° To gather IHO Member States’ intentions on the production plans of HD ENCs in their areas
of responsibilities (national level, or as primary charting authority).

o To collate the production techniques, timeliness dataflow and arrangements with port author-
ities.

o To identify challenges faced by the current and prospective HD ENC producers namely, pro-

duction and distribution chain, quality control and consistency with other nautical products
(ENCs, ENC coverage, nautical publications, etc).

° To share harmonization/best practices insights and know-how.
° To interview HD ENCs Producers on their intentions once S-102 becomes operational.

The questionnaire was distributed to IHO member states in July 2021 and the survey report is
planned to be finalised in February 2022, with conclusions and recommendations to be reported to
the IHOs Inter-Regional Co-ordination Committee later that year.

In addition, feedback from the WENDWG on the ECDIS safety study suggested potential avenues to
pursue to improve the coverage of HD ENCs. The feedback also offered potential ways of address-
ing other ENC issues such as updating (T&P equivalents and file sizes), the encoding of point fea-
tures, the number of alerts in pilotage areas, the population of depth data over seabed obstructions,
cell transitioning, and cells that are not in the WGS84 datum. Such feedback strongly indicates that
there is much that can and should be done.

NEXT STEPS

The findings of this study identify many of the problems ECDIS users experience with the system
at sea today, and in the short-term it is the ambition of the DMAIB and MAIB to engage with ECDIS
stakeholders to try to effect the changes required to improve ECDIS performance through better
bathymetry along with changes in design and training. However, the findings also point towards
deep-rooted, structural flaws in the way that new navigation technologies are implemented. Flaws
that continue to hinder system development and the evolution of new ways of working, and which
also promote reactive rather than proactive approaches in many areas.

Addressing such key issues will challenge traditional thinking and structures. It will also require inter-

national liaison and agreement. Consequently, no recommendations have been made but it is hoped
the study will serve as a prompt and be used by the maritime industry as a catalyst for change.
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APPENDICES

TABLE 2: bogigmg="

Figure  Title Credit Comments
1 Bridge layout on a modern ship MAIB Taken during onboard research
2 Bridge layout on a cargo ship MAIB Taken during onboard research
https://www.admiralty.co.uk/AdmiraltyDown-

3 CATZOC Table UKHO 1| 0adMedia/Blog/CATZOC%20Table.pdf
4 CATZOC as displayed by ECDIS DMAIB | Taken during ECDIS simulation
5 Isolated Danger Symbol DMAIB | Taken during ECDIS simulation
6 Track planned over safety contour | MAIB Taken during onboard research
7 Absence of danger lines or no-go MAIB Taken during onboard research

areas
8 Indication triggered by the Look MAIB Taken during onboard research

Ahead
9 Simple text annotations MAIB Taken during onboard research
10 Ship within buoyed channel MAIB Taken during onboard research
11 Track without XTD MAIB Taken during onboard research
12 ;Z?SCK without XTD in pilotage wa- MAIB Taken during onboard research
13 Ship outside the narrow XTD MAIB Taken during onboard research

MAIB Report 24/2014 “OVIT”:

14 | Route Check page on ECDIS MAIB | Figure 11 - MARIS 900 Route Check Page
15 | Overscale Pattern (Jail Bars) indi- | 1\ )15 | ayen during ECDIS simulation

cating over expanded chart
16 Vessel outline + predictor MAIB Taken during onboard research
17 Vessel outline + predictor MAIB Taken during onboard research
18 ::;il,dar image overlay/chart under- MAIB Chart Underlay
19 AIS overlaid on ECDIS display MAIB Taken during onboard research
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