“SMART RIVERS 2015”
Buenos Aires, Argentina, 7-11 September 2015

Paper 46 – DUKC® Chart Overlay – An operational tool for vessel
navigation
TURNER, M.
(OMC International, Australia)
Email (1st author): m.turner@omcinternational.com
ABSTRACT: By combining the forecasting ability of a DUKC® system with high resolution bathymetry data,
the DUKC® Chart Overlay offers mariners a complete 3-dimensional perspective of the water way through
which they are transiting. This more detailed information allows more informed navigational decision
making. DUKC® Chart Overlay has been operationally implemented and has significant potential to be
implemented in riverine waterways.

1 INTRODUCTION
Navigation can be seen as the process of moving
a vessel from one port to another, in an efficient
manner, while avoiding collision with other objects.
Vessels are generally at highest risk of contact
when they are in the vicinity of ports and waterways,
where concentrated traffic, the presence of land
structures and shallow bathymetry make navigation
complicated.
Developments in information and communication
technology in recent years have greatly enhanced
the mariner’s ability to safely navigate from port to
port. The core underlying technologies that have
enabled these improvements are AIS and GPS.
GPS allows the mariner to accurately determine
their location in 2D space1, and AIS allows a vessel
to inform others (in real time) of its position and
future intentions, while at the same time receiving
updates from other vessels about their respective
positions and intentions.
These core technologies have enabled a host of
additional technologies to be implemented that all
broadly fall under the heading of e-Navigation,
defined as the harmonized collection, integration,
exchange, presentation and analysis of marine
information on board and ashore by electronic means
to enhance berth to berth navigation and related

services for safety and security at sea and protection
of
the
marine
environment.
(International
Hydrographic Organisation [IHO], 2008)
These additional technologies include electronic
navigation systems & aids including electronic
navigational charts (ENCs) based on the S-57/S100 standards2, Electronic Chart Display and
Information Systems (ECDIS), Vessel Traffic
Services (VTS) and Portable Pilot Units (PPU).
This paper is structured as follows. Section 2 will
briefly review the main e-Navigation technologies for
navigation and will highlight some of their
deficiencies with regard to vertical navigation or
under keel clearance management (UKC). Section 3
will cover the development of DUKC® Chart
Overlays (DCO) as an approach that brings a more
complete approach to vertical e-Navigation. Section
4 describes some applications of DCO including an
operational implementation in Torres Strait,
Australia. Section 5 discusses the application of
DCO to riverine environments and Section 6
presents some conclusions including a discussion of
the application of DCO to riverine environments.

2 VERTICAL E-NAVIGATION TECHNOLOGIES
Away from the coast the main hazards from a
collision perspective are other vessels. When
vessels near the coast, and especially when vessels

1

GPS provides 3D position information, but the accuracy in
the vertical dimension is generally insufficient for navigational
needs. Standard GPS can be improved via DGPS and RTK, but
these approaches are mostly applied in specialist activities such
as marine surveying rather than for navigation in general.
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2

S-57 is the current IHO transfer standard for digital
hydrographic data; the S-100 is an active standard that
provides the data framework for the development of the next
generation of ENC products (IHO, 2015)
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approach a port or transit through a waterway, the
risk of a grounding increases. Near-shore / port
transits are usually subject to compulsory pilotage.
While prudent masters will check for sufficient under
keel clearance, the calculations and sailing
decisions are often made by a pilot (in consultation
with the master) taking account of the particular
UKC regime imposed by the local maritime
authorities.
The main vessel e-Navigation technology is an
ECDIS. An ECDIS electronically displays the
information from ENCs and integrates this with other
information such as the vessels position and
heading, the position and intention of other vessels
in the vicinity (from AIS), and radar information.
ECDIS requirements, whilst still being implemented,
mean that electronic charts are becoming the
primary navigational media, with paper charts
retained as the backup.
Marine pilots, who are charged with navigating
vessels in restricted waterways, often augment the
vessel’s on board navigational equipment with their
own PPUs. These devices share many of the
functionalities of an ECDIS system, but they are
often augmented with other novel features such as
docking support systems and DGPS, because they
are not bound by ECDIS’s IMO imposed regulations
(Alexander, 2008).
These principle e-Navigation technologies on a
vessel do not handle the needs of accurate vertical
navigation particularly well. This contention will be
expanded upon in this section.
2.1 Vertical navigation
From a navigational perspective, there are two
ways a vessel could touch bottom. The first is that
the vessel strays from its planned route and goes
aground in shallow water. The second is that the
vessel keeps to its planned route, but for some
reason the under keel clearance (UKC) that was
allowed for in planning the route was insufficient.
The safety of navigation, especially in view of
UKC management, can be determined by either
safety contours or safety depths. ECDIS, with the
display of real time continuous dynamic position of
the vessel, enables the provision of alarms warning
mariners of approaching dangerous shallow water.
Safety contours trigger the ECDIS warning alarms,
not depths. PPU technologies also use contours to
distinguish between deep and shallow water. Safety
contours are most appropriate for handling on the
first of the bottom touching pathways described
above, ensuring a vessel keeps to its planned route.
As such, ECDIS and PPU technologies do not have
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a great capacity to verify if the planned UKC
allowances for the route are sufficient.
To verify the planned UKC allowance the
following factors need to be considered:
• draft of vessel and any associated (dynamic)
trim
• variations in water depth due to tide
(atmospheric and astronomical)
• squat, a function of speed, vessel hull form and
size, vessel draft and the shape of the sea bed
• heel, both from wind and rudder actions
• wave response (heave, roll and pitch motions)
as the vessel encounters waves.
It should be obvious that these factors are not
static, but will instead vary dynamically as a transit
progresses.
2.2 Vertical e-Navigation with Safety Contours
As the preceding section implies, there are a
series of deficiencies with the use of existing
ECDIS/ECS systems for UKC management. These
are not deficiencies with the equipment, but more
with their use of safety contours. This section will
expand on some features of the safety contours that
impact their use for accurate UKC management.
Safety Contour Depth
There is a significant degree of confusion in
literature regarding safety contour depths and safety
depth (IHO Transfer Standard Maintenance and
Application Development Working Group and Digital
Information Portrayal Working Group, 2012a
2012b); for clarity, these will be assumed to be the
same.
The safety contour depth is used by ECDIS to
determine which of the displayed contours of the
ENC should be highlighted as the safety contour.
The fact that a safety contour draft is set implies
that a single static value is being adopted. In reality,
as the preceding section indicates, the safety depth
needed by a vessel may vary significantly over the
course of a transit. Further, the calculation of the
safety draft is often described in a simplistic manner
(draft + squat + clearance etc), which does not
account for the true complexity of the required
allowances.
The use of a conservative static value may be
appropriate for the use case of warning a mariner as
they approach the shallow water from the sea. But
this concept is too coarse to be useful for navigation
through shallow water such as when entering a port
or traversing a river, where the distances involved
are in the order of decimetres and UKC
requirements vary.
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Contour Frequency
The resolution of an ENC also limits the use of
safety contours for shallow water vertical navigation.
ECDIS systems provide the warnings/alarms as
safety contours are passed.
Useful warnings from safety contours depend on
resolution of underlying ENCs. For example, typical
contour depths in an ENC are 2 m, 5 m, 10 m, 20 m,
30 m etc. As there is no interpolation the system will
look to the next safest contour, which could be up to
10 m deeper than required. So once the safe
contour depth is determined the system will chose
the next deepest contour as the safety contour and
any depth shallower than this will be a no go area.
This could be acceptable if the safety contour is
close to the calculated safety depth. But as the
difference gets bigger it would unnecessarily restrict
the transit of vessel (Nautical Institute, 2015)
causing significant operational and economic
issues.
One approach to deal with this problem is to
introduce very high resolution bathymetry contours
in the order of decimetres. This approach is
currently under investigation (Tidal and Water Level
Working Group [TWLWG], 2012) and is covered
under the S-100 standard. However, high resolution
bathymetry may be confusing from a visual
perspective.
Dynamic Tides
ECDIS systems do not adjust for dynamic tide.
The spot and contour depth in an ENC are relative
to a Chart Datum. To know the actual depth of water
at a given time the tide level must be added to the
charted depth. However, the S-57 standard cannot
support time-varying information (IHO, 2011)
For this reason many pilots are adopting ECS
solutions such as PPUs (IHO, TWLWG, 2013). PPU
systems avoid the dynamic tide issue by allowing a
tide level to be added (Stanley, 2015). However, this
is often a static amount and would need to be
updated for a transit of greater than a few hours
when the tide is changing
A problem with this approach is the tide levels
are applied as spatially uniform constant level. This
is useful from the perspective of tactical navigation:
that is, avoiding immediate navigational hazards.
But it is not useful for strategic navigation:
assessing potential navigational hazards that will be
reached after a few hours sailing, but which time the
tide level will have changed. This is particularly
important for long port transits or especially
traversing waterways with travel time in the order of
12+ hours. The key point is that a safety contour
represents whether or not it is safe to pass a point
right now or at a fixed time in the future. It doesn’t
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

give a clear picture of how it changes along the
route at planned passing times/speeds.
The problem of dynamic tides is understood, and
the S100 standard allows for this. Further, there is
discussion of incorporating dynamic tide with the
concept of zones and the broadcasting of tide
through augmented AIS (TWLWG, 2015). These
would be a significant step, but it is not clear if they
would address the dynamic tide problem
completely.
2.3 Safety contour vertical navigation deficiencies
The deficiencies with the use of safety contours
can essentially these can be summarized as:
• systems are configured to accept static/fixed
safety depths, when in reality UKC
requirements are dynamic and vary with vessel
speed, as well as environmental conditions
(waves, tide and currents).
• low resolution of safety contours and spot
depths in ENCs makes it difficult to assess the
actual depth of a given location. For near-coast
applications bathymetric data is often available
at much higher resolution for the approach
channel, but it is not displayed in raw form due
to the difficulty in displaying this data in a clear
way.
• allowance for tide level can be made in ECSs,
but only as a static correction. For long transits
with multiple critical UKC sections the static tide
correction must be continuously reset if
predicted times at locations change.
Although these are known issues and steps are
underway to address them via the S-100 standard,
given the dynamic nature of UKC requirements,
they may be difficult to address completely through
the safety contour approach.
3

E-NAVIGATION UKC MANAGEMENT
The apparent deficiencies of the main eNavigation approaches to vertical navigation
suggest that an alternative approach may be more
successful in providing holistic navigational advice.
A recent development in this regard is DUKC® Chart
Overlay (DCO). Essentially, DCO is a Marine
Information Overlay (Harmonization Group on
Marine Information Objects, 2015) raster that
highlights areas of insufficient UKC with allowance
for planned vessel travel time, therefore accounting
for both the tactical and strategic needs of UKC
advice.
The value of a DCO can be seen by contrasting
the PPU screenshots in Figures 1 and 2. Figure 1 is
a typical ECS view displaying a high resolution ENC
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with safety contour applied. Figure 2 displays the
same view with a DCO, which more clearly
highlights areas of insufficient UKC using red.

on the latest high resolution bathymetry data from
the area rather than values taken from the ENCs. If
all the segments meet the required UKC safety
limits the transit is designated as safe and
information is conveyed to the mariner in a variety of
forms.

Figure 1: Example of a typical ECS with safety
contour displayed.
Figure 3: Example of a transit divided into
segments for a DUKC® system.

Figure 2: Example of a typical ECS with DCO.
This section will briefly cover the DUKC®
methodology; DUKC® In-Transit, which can be seen
as an intermediate technology to DCO; and the
development of DCO.
3.1 DUKC® Method
DUKC® (Dynamic Under keel Clearance) is a
technology that forecasts in real time the UKC
requirements of a vessel. It uses a scientific
methodology for managing UKC that is described in
PIANC (2014), and has been operationalised by
OMC.
The DUKC® methodology divides a transit into
segments (Figure 3), and calculates the UKC at
each segment of a proposed (or underway) transit
by combining anticipated environmental conditions
(waves, tides, and currents) at the time the vessel is
expected pass the segment with information about
the segment and the vessel. In particular, the depth
information associated with each segment is based
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

3.2 DUKC® In-Transit
DUKC® In-Transit was developed to provide realtime UKC information for underway vessels, and
was an early example of a true e-Navigation
system. It integrates sensor information, provides
advice and shares this with various users. This
sharing includes ship and shore integration as
information could be accessed from a pilot’s PPU
equipment. But information can also be made
available to VTS operators monitoring transits.
In developing DUKC® In-Transit, there were a
number of technical issues that needed to be
addressed. As will become clear many of these
issues are equally relevant to DCO and enabled
DUKC® In-Transit to be a stepping-stone
technology. The system needed to:
• associate AIS messages with a DUKC®
calculation engine. This involved the receipt of
AIS data feed, identification of messages
relating to specific vessel in question
• relate the geographic position of the vessel to a
location along the predefined passage route
• integrate the actual vessel speeds with those
from the Passage Plan
• integration of real-time information from metocean sensors along the route
• calculate UKC advice, and transmit the advice
to the user. For pilot PPU integration this
required a wireless solution
• regularly repeat these steps to ensure the
information remained up-to-date.
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An example of the information provided by
DUKC® In-Transit is shown in Figure 4. The figure
shows anticipated vessel speed (in knots) for the
remainder of the transit (dotted lines above) and the
amount of UKC forecast to be present when the
vessel passes a given segment (solid green below).
The vertical “Now” line (far left) shows the current
position of the vessel relative to the entire transit. In
this case it shows that the transit has just
commenced.

Figure 4: Image of DUKC® In-Transit information for
a vessel underway.
As the transit continues and the vessel travels
along the waterway the UKC information is
recalculated and an updated DUKC® In-Transit
image produced. Figure 5 shows an updated image.
In this case the vessel has travelled slower than
anticipated. The actual speed (indicated by the solid
line to the left of "Now”) lies below the planned
speeds (thin lines) but as no warnings are shown on
the image, its impact on UKC over the remainder of
the transit has been minimal.

remain for the remainder of the passage if the
vessel proceeds at 6 knots rather than the planned
11 knots. The answer is shown in the updated
image of Figure 6, which shows the updated speeds
planned. The DUKC® In-Transit has recalculated the
UKC requirements, and although the amount has
dropped, it still meets sufficient levels for the transit
to proceed.

Figure 6: Image of DUKC® In-Transit information
for a vessel underway. Planned speed has been
reduced to 6 knots to assess the impact on UKC.
In Figure 7, an alternative scenario is shown.
Here a mariner is investigating the impact of
increasing speed towards the end of the passage.
However, in this scenario there would be insufficient
UKC in the later stages of the transit. The DUKC®
In-Transit image indicates the likely breach, and the
mariner is advised not to proceed at these faster
speeds.
It important to recognise that a breach does not
necessarily mean that grounding is predicted, but
that the predefined safety limits have been
exceeded. Essentially, the breach warning means
that the risk of grounding exceeds the level that has
been deemed acceptable.

Figure 5: Image of DUKC® In-Transit information for
a vessel underway.
Although the monitoring of anticipated UKC of an
underway transit is useful information, a more
important feature is to assess the UKC impact of
unanticipated departures from the planned transit.
The images in Figures 6 and 7 illustrate this
additional functionality.
Following from the scenario above, the vessel is
travelling slower than planned, possibly due to
engine failure or adverse weather/traffic conditions.
The mariner now wants to know if sufficient UKC will
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

Figure 7: Image of DUKC® In-Transit information
for a vessel underway. Planned speed has been
increased to 12+ knots to assess the impact on
UKC.
The scenarios described by Figures 6 and 7
highlight the importance of strategic information in
vertical navigation. Ready provisioning of such
information allows the mariner to act earlier when
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more options (like aborting or readying additional
tug assistance) are available.
3.3 DUKC® In-Transit e-Navigation deficiencies
The DUKC® In-Transit indicates risk of a
grounding occurring at a certain point along a
predefined route. But it gives no information of the
horizontal distribution of the breach: Is the
geographic feature causing the breach confined to
an isolated edge of a channel and therefore
avoidable? Or it is spread out through the entire
channel and therefore unavoidable without
significant changes in the transit plan (adjusting
speeds or aborting transit)?
The DUKC® In-Transit provides a step towards
3D navigational advice, but does not provide a clear
picture of the horizontal distribution of available
UKC. This was problematic for pilots who are more
comfortable working with navigational charts.
Switching between packages in the PPU also led to
a suboptimal workflow.
3.4 DUKC® Chart Overlay (DCO)
DCO bridges the gap between DUKC® In-Transit
advice and a navigational view by extending the
DUKC® In-Transit concept to the horizontal
dimension. Essentially this is achieved using high
resolution bathymetry to compute UKC away from
the channel centreline. To develop the DCO a
number of technical challenges had to be met.
UKC extrapolation
In the DUKC® methodology, UKC is calculated at
distinct waypoints along the channel. This is suitable
for giving along channel advice, but doesn’t satisfy
DCOs requirements for spatial UKC information. In
Figure 7 the DUKC® In-Transit is indicating that
there is a UKC breach predicted towards the end of
the transit, but no information about the spatial
nature of the breach is available.
DCO bathymetry grid
High resolution bathymetry data can be available
at sub-meter resolution. However, producing an
overlay at such high resolution has some negative
points. As the data is not uniformly spaced it is not
convenient for raster display, and providing high
resolution
data
increases
processing
and
transmission time.
With DUKC® In-Transit the UKC data is
essentially 1 dimensional. This type of data has
relatively small information content. The data
transmission costs to send this data to a vessel are
small, and transmission is fast. Any sort of
horizontal UKC information will result in much larger
files. For a raster image, the size of the data
increases by a factor of 4 for resolution increases of
SMART RIVERS 2015 (www.pianc.org.ar/sr2015)

a factor of 2. Increasing resolution increases the
processing and data transmission time, and slower
transmission means data may not be the most up to
date.
To strike a balance a medium resolution grid was
adopted with points spaced approximately 10 m
apart. From a safety of navigation perspective a
10 m by 10 m grid is about the smallest area that
can still be readily seen on a PPU display. As this
resolution is 3 times smaller than the beam of a
Panamax vessel, it works well.
4 DCO APPLICATIONS
4.1 Situation Awareness in Dynamic Environments
The potential benefits of DCO can be
appreciated from some of the images that were
generated during its testing and development.
Figures 8 and 9 simulate a vessel entering a
channel through an area that is often subject to
adverse wave conditions.
This situation of strong waves is shown in Figure
8. The transit is safe because the area through the
shipping channel is free of the red DCO pixel. But
on either side of the channel, the red DCO pixels
are clearly indicating that the vessel would have
insufficient UKC if it strayed outside of the main
shipping channel. To safely transit the channel
during these conditions it is essential that the vessel
remain in the channel.

Figure 8: DCO image showing areas of sufficient
UKC for a vessel transiting a channel subject to
strong wave conditions.
Figure 9 was generated under the same
conditions as Figure 8, except that the strong waves
were removed. With UKC requirements lowered due
to the reduced wave response component, the red
patches indicating insufficient UKC have retreated.
In this scenario, if the vessel needed to deviate
slightly from the main channel there is some
opportunity to do so safety.
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Figure 9: DCO image showing areas of sufficient
UKC for a vessel transiting a channel in calm wave
conditions.
Mariners provided with this additional information
have improved situational awareness and the
potential for more flexibility in decision making in
case of emergencies.

The DCO images provide further detail about the
nature of the breaches. In Figure 10, there are many
areas of insufficient UKC: to the left section there
are patches right in the centre of the channel, and to
the right there are patches caused by sand waves
that cover half the channel. These widely dispersed
points would be difficult to manoeuvre around,
confirming that this transit should not be considered
as the risk of grounding would be very high
By contrast in Figure 11, with the slower transit
speed selected and consequentially reduced squat,
the areas of insufficient UKC are now concentrated
to the edges of the channel. Perhaps with careful
consideration a mariner may elect to undertake this
passage if the situation demanded it. Even though
the DUKC® In-Transit is formally reporting a UKC
breach, the information from the DCO could allow
the mariner to consider the extent of the breach and
decide if this breach could be safety avoided or not.
If the breach could be safely avoided, the passage
could proceed.

4.2 Speed Control
Another example of the functionality of DCO was
its ability to give spatial information about the nature
of a UKC breach. With increased speed a vessel will
squat more reducing the available UKC and
increasing risk of grounding3. What is often not clear
is the extent of the UKC breach; the DCO is able to
provide this information.

Figure 11: DCO image showing a proposed
transit through a channel at 12 knots.

Figure 10: DCO image a proposed transit
through a channel at 16 knots.
To illustrate this Figures 10 and 11 show the
same simulated route though a maintained channel,
with planned speeds of 16 knots and 12 knots
respectively. Under both scenarios the DUKC® InTransit is indicating that the planned passages are
unsafe, with insufficient UKC along the route.
3

Another factor that is not immediately obvious, is that
increasing speed will change the time of arrival at future points
which will change the water level (and other forecast
environmental conditions) that relates to the UKC at this point.
This is handled implicitly by the DCO.
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The point made above about both transits being
in breach is worth exploring. From a navigational
perspective, so long as manoeuvrability is
maintained the only UKC requirements that need to
be met are those directly under the vessel’s keel. A
vessel that has passed close by a shoal has
maintained sufficient UKC.
The difficulty comes in applying this concept to
planning a transit. The mariner cannot precisely
know what path a vessel will take along a channel.
Therefore for prudent planning the shallowest depth
along the channel cross section must be assumed.
What this means is that without spatial information
about the nature and location of areas of insufficient
UKC, the scenarios in Figure 10 and 11 must be
treated the same.
Operationally however, a mariner who is provided
with detailed spatial information about the likely
location of breaches can take this information into
account and can decide that with prudent handling it
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would be possible to transit through the waterway,
avoiding the areas of insufficient UKC. Clearly, such
a decision would need to consider the handling
characteristics of the vessel and the level of traffic
congestion in the waterway, as well as other factors.
But essentially, with the additional information from
DCO, a mariner may decide it is safe to undertake
the passage at 12 knots, but not at 16 knots.
4.3 Operational Implementation
The DCO has been operationally implemented
within Torres Strait, a shallow and narrow body of
water between Australia and Papua New Guinea
(Figure 12). Torres Strait connects the Pacific
Ocean via the Coral Sea with the Indian Ocean via
the Arafura Sea. As the intersecting point between
these oceans, the Strait can experience dynamic
and complex tidal movements, including strong tidal
streams and currents.
One of the main commercial shipping routes
between the Indian and Pacific Oceans, Torres
Strait experiences approximately 3000 separate
transits a year (Australian Maritime Safety Authority
[AMSA], 2015). Torres Strait is also an area of
significant environmental concern. In 2005, the IMO
declared Torres Strait a Particularly Sensitive Sea
Area (PSSA) requiring that vessel navigation
through the region is completed in an efficient and
safe manner. The safe navigation of shipping
through this area is of the utmost concern for
AMSA.
The transit duration through Torres Strait ranges
from approximately two to four hours depending on
the route taken and vessel speed. In such a
dynamic tidal environment where it is difficult to
accurately forecast the effect of localised
environmental conditions, it is quite possible for the
conditions to change markedly over the course of a
transit from those that were predicted when the
transit was planned. As Torres Strait experiences a
high amount of traffic, congestion may also be a
problem in some specific locations, reinforcing that
mariners and pilots always need to take account the
status of local aids to navigation and the presence
of other vessels when making navigational
decisions.
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Figure 12: Torres Strait ENC with designated
shipping routes highlighted. Source: AMSA
Given the unique nature of shipping through
Torres Strait, the limiting and narrow available
waterway and the sensitivity of the surrounding
environment, significant investment in aids to
navigation has been undertaken, with a recent
addition being the implementation of a DCO for
vessels transiting the route.
The implementation of a DCO required the
coordination between a number of parties: AMSA,
licenced coastal pilotage providers (two companies
are currently licenced to provide coastal pilotage
services), and OMC International (as the current
provider of AMSA’s UKCM system).
Licenced Coastal Pilots, scheduled to pilot a
vessel though Torres Strait, prepare a transit plan
indicating which of the various routes they intend to
take and the speeds they have planned for the
various stages of the transit. This transit plan is
submitted electronically to the online Torres Strait
UKC management (UKCM) system which calculates
the anticipated UKC throughout the planned transit.
The pilot has the ability to create various alternative
transit plans and modify each plan to their
satisfaction. When the pilot is satisfied with the plan,
the plan is set to active.
As part of the region’s aids to navigation, a
network of AIS receivers provide complete coverage
of the Torres Strait area. The stream of AIS data is
available to the UKCM system which listens for
vessels with active passage plans. When a vessel
with an active transit plan is detected within the
Torres Strait area, its position and speed are used
by the UKCM to calculate a DCO result.
When calculated, this result is displayed as an
image by a map server on the UKCM web page
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over a simplified chart of the UKCM area. As the
Torres Strait region has near-complete 3G
coverage, pilots are able to monitor the DCO chart
as they undertake the passage.
As the DCO images displayed on the UKCM web
page are used for 24-hour-a-day operations, their
implementation needed to account for the
operational environment; in particular, the lighting
levels and their impact on night vision. To deal with
these issues the DCO was implemented with a day,
night and dusk mode that can be set manually.
The effective operation of the system relies on
the successful operation of a number of
technologies. The environmental sensors, providing
real-time tide and current measurements, and the
AIS base station receivers need to be operational
and transmitting information to the UKCM servers.
The UKCM servers located in Melbourne (more than
3000km away from the area of operation) need to
receive the various information inputs, but also need
enough calculation processing power to process the
DCO images in a timely manner for use by the pilot.
For pilots aboard vessels a reliable 3G connection
to the UKCM website is required to be able to
continually receive the latest DCO image relevant to
their particular vessel.
5 APPLICATION TO RIVERINE ENVIRONMENTS
Although the DCO is a relatively new technology
there are features that are useful for vessel in
riverine environments. River transits are typically
long in duration, and as the duration of any transit
increases, the chances of something occurring that
requires the mariner to divert from the passage plan
also increase.
While river levels and currents in riverine
environments generally do not change rapidly, those
transits that connect with the ocean (or estuaries)
and have a tidal component to the transit are then
subject to atmospheric variation in water level from
astronomical predictions. The strategic element of
DCO allows a mariner to assess the impact of
changing conditions and consider options in a timely
manner.
Another benefit of DCO for riverine environments
is conveniently handling dynamic bathymetry data.
While marine bed depths are generally stable,
changing relatively slowly over time, river bed
depths are often in a constant state of flux. Most
major river systems with declared depths have
continuous dredging and surveying operations. As
the DCO can work off the latest sounded data, they
are a convenient way of displaying the changes in
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bed depth and allowing mariners to deal with this in
operation during their passages.
By definition, riverine environments are limited in
depth and in terms of manoeuvring options. The
tactical perspective of highlighting areas of
insufficient UKC in real time and with integration into
the preferred electronic charting package provides
additional information to the mariner that will help
ensure a safe voyage.
6 CONCLUSION
Advances in information and communication
technology have enabled the development of new eNavigation technologies that have greatly improved
the safety and efficiency of the maritime industry.
ECIDS and ECS are used widely used e-Navigation
replacements of paper charts. Although these
technologies are adapting, there are deficiencies in
their application through safety contours to UKC
management. The DUKC® Chart Overlay addresses
this deficiency by providing real-time information on
the UKC anticipated for the remainder of the transit
in a format that can integrate into and augment the
existing charting package already used by the
mariner.
The DCO has the ability to provide immediate (or
tactical) advice to the mariner about areas of
insufficient UKC in the immediate vicinity of the
vessel. But it can also provide strategic advice,
allowing the mariner a more complete perspective to
take timely decisions when more options may be
available. The DCO has been successfully
implemented in an operational setting.
6.1 Future Developments
The usage of DCO is currently limited by the
availability of suitable data transmission coverage.
In the regions where DCO is used, mariners rely on
fortuitous 3G connection. There is often good 3G
coverage near ports and near shore locations, but
as vessels travel away from shore this availability
can be reduced. While satellite broadband is
available, it is often prohibitively expensive. The
Marine Broadband proposal (sending broadband
over the Marine VHF frequency) would greatly
improve this situation.
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