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vessel tracking

Advanced signal processing

Mmakes port situatior

With continued concerns over
security, safety and congestion

in ports, recent technological
advances in radar video
extraction and tracking systems
are proving essential in monitoring
local vessel movements

s automatic identification system
technologies have become standard in
most maritime surveillance systems,

leading suppliers are once again improving

the performance of the primary sensor / radar.

One of the few international organisations to

provide guidance on the performance of radar

systems is the International Association of

Lighthouse Authorities (IALA).

IALA has recently released recommendation
V-128 Edition 3.0, which, amongst other
things, provides recommendations for
advanced radars aimed at improving the
clarity of ‘common operating picture’ (COP)/
traffic image and track data for vessel traffic
services (VTS) operators, to ensure that an
accurate, high-resolution representation of
the maritime domain and all targets within
it, irrespective of size and speed, is available
at all times.

With such a picture, maritime surveillance
operators, such as VTS operators, port
facility security officers, search and rescue
organisations, coastguards, navies and others,
can be confident that their COP is a true
and accurate reflection of precisely what is
happening on the water.

On the left is a wb'eo_fr;::h an old axtracc»; where returns from the wake of a ferry are

However, much of today’s current radar
hardware and software is simply not capable
of presenting such a precise and accurate
picture, due to the amount of noise and
clutter returned by the radar signal. This is
especially pertinent in today’s climate where
small, fast moving targets are of much greater
importance due to security concerns over the
possible terrorist threat.

In addition to security concerns, typical
vessel tracking requirements for a port
VTS radar may be monitoring congested
channels and approaches. The tracker needs
to distinguish and keep separate tracks for
different vessels even when they are next to
each other and make sure that no track jumps
from one ship to another (anti-swapping).

The VTS system must also ensure that

merged with the ferry itself, leading to an error in track positioning. The C-Scope extractor
and tracker uses improved amplitude resolution to locate properly the centre-of-mass of
the track, which leads to reduced track swap and track loss

WWw.marinemec.com

Clearer

. By : et ELL
The picture on the left is a single scan from a coastal radar, showing waves and other
clutter. On the right the clutter has been removed by averaging, showing the extent of
the lines of aquaculture buoys, a sea lane between the buoys and a number of small
boats that are difficult to see with single-scan

ships follow assigned channels, and generate
warnings or alarms when ships «cross
channels and lanes wrongly. Ships entering
and leaving certain areas such as anchorages
and restricted areas must also be detected
and identified.

A coastal surveillance system must be
capable of detecting small boats at high
speeds and performing fast turns, which
is a situation often faced with smuggling
activities and illegal immigration. Detection
of boats with unusual moving patterns is
important for stopping illegal fishing and
barter trade. Boats that move very slowly
through the radar clutter could be another
indication of vessels trying to avoid being
seen — and a reason for investigation to check
if something illegal is going on.

Radar extractor and tracker technology
is essentially the use of advanced signal
processing techniques to generate an even
clearer image from the raw radar signal; it is
the most effective method of ensuring that
the above ‘difficult’ targets can be clearly
defined.

It enables high-resolution real-time vessel
tracking for VTS, higher performance out of
existing radar sites and improvements to the
already high performance of sites with the
best antennas and transceivers.

This technology is already in use today,
but one of the leaders in this field, Kongsberg
Norcontrol IT, has been developing the system
even further in order to enable performance

improvements by magnitude. As one of the
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world’s leading developers of VTS, Kongsberg
Norcontrol has been at the forefront of
evolving this technology, and the result of
this is the recent introduction of a new
system into the company’s C-Scope product
family, which offers more than twice the
sampling resolution available from current
generation systems.

Dr Jose Navarro, a radar extractor and
tracker expert at Kongsberg Norcontrol IT,
explains the basics of a system that through
little investment in hardware - it uses a
high-end PC and one COTS (commercial off
the shelf) acquisition card, in addition to a
generic radar interface card — can dramatically
improve what a VTS operator sees on his
screen: “As the radar rotates and the extractor
generates detections, the tracker receives
the extracted signals and compares them
against an internal track list. Any echoes that
are consistent with the behaviour expected
from the existing tracks are used to update
the tracks, resulting in new positions and
velocities. The remaining unassociated echoes
are analysed and, if persistent over a number
of scans, are used to generate new tracks.

“This function of association and dynamic
filtering is fairly complex because radar
echoes can be very variable and can also
merge between nearby targets. To determine
what returns are consistent with an existing
track, and to update the track itself, the
tracker uses a dynamic model that describes
the potential behaviour of its tracks.

“The radar extractor and tracker’s role
is to extract and track the radar returns
most likely to originate from vessels and
other objects of interest. The main function
of the extractor is to filter out all signals
that represent noise, interference and clutter
originating from the sea, rain, fog and
reflections, leaving for the tracker only the
signals that may be of potential interest. The
tracker isolates from these detected signals
those that are consistent with its tracking
model and outputs a list of tracks. Each track
represents a moving or stationary object
and comes with a position and wvelocity, in
addition to other dynamical data.

“The tracker must be able to initiate
and correctly update tracks even when they
are intermittent due to a low probability
of detection, not lose them when they
temporarily disappear due to shadowing,
not confuse them when they are close to or
overlapping with other echoes, and finally
handle optimally multiplicity when there is
coverage overlap between nearby radars.

“Essentially, the main challenge for the
extractor,” Dr Navarro continues, “is to detect
small objects in the presence of clutter,
which is usually expressed as maximising the
probability of detection while minimising the

WWw.marinemec.com
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Satamatics’ SAT-201 terminal breaks
the 50,000 barrier

Satamatics, a provider of asset tracking and
monitoring services, has sold over 50,000 of
its SAT-201 terminals, a design which was
first launched three years ago. The SAT-201,
a complete all-in-one terminal, is an integral
part of Satamatics offerings, allowing users to
track, trace, monitor and control mobile and
fixed assets from any location worldwide.

The company states that due to its
compactness, the terminal is suitable for covert
installation and is robust enough to use in both
defence and maritime environments. The SAT-
201 is fully configurable and programmable
locally or, if necessary, remotely.

“This terminal forms the basis of many of
our solutions — including our Ocean Alert ship
security alert system (SSAS) aswell as being the
backbone to many of our partners’ solutions,”
says company chief executive officer, Dino
Koutroki. “it provides the functionality that our
customers require and therefore continues to
be the core terminal within our product family
and is likely to remain so for a substantial time
to come.”

The latest incarnation of the terminal, SAT-
201li, was unveiled in April and incorporates
an enhanced chipset allowing for increased
programmability and the delivery of more
accurate and reliable GPS data. All SAT-201
terminals are also now ready for IsatM2M (the
replacement to Inmarsat D+), meaning the
end user will experience an enhanced service

The SAT-201li incorporates an enhanced chipset allowing for increased programmability

with faster data forwarding rates, quicker
responses to polling requests and shorter
time to first transmission over a broad range
of applications.

The most recent version of Ocean Alert
was launched in November last year and was
the first version of the product to be designed
to work with the SAT-201, rather than the
legacy SAT-101 unit, which means it benefits
from lower power consumption and improved
network reliability.

Satamatics’ tracking service claims to
provide seamless and uninterrupted global
roaming across all ocean regions. Utilisation
of the Inmarsat system of geostationary
satellites ensures a reliable service with rapid
message delivery. The company states that
Ocean Alert Mk Ill meets or exceeds all
Solas XI-2/6 mandatory regulations,
guidance notes and performance standards
for SSAS. It also meets all current equipment
requirements for Long Range Identification
and Tracking (LRIT).

In an emergency, where the security of a
ship is compromised, the triggering of any of the
covert activation points will immediately raise an
alert, automatically sending SMS text, facsimile
and e-mail alerts to the flest operator's chosen
points of contact. In the event of an external
power supply interruption, including malicious
disconnection, Ocean Alert’s integrated back-
up battery will take over.
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steps designed to increase the signal-to-noise
ratio and, more importantly, the signal-to-
clutter ratio.

Different formats of digital video can
be generated for presentation on the VTS
operator station, generally polygons and
fragments, with the resulting radar picture
approaching the quality of ‘raw video’.

The tracking is performed using Kalman
filter techniques, which are based on a dynamic
mathematical model describing a wvessel’s
movement. This model is used to predict
the ship’s behaviour between measurements.
Each time a new plot is associated to the
target, a position measurement is derived
and this measurement is used to correct the
track state.

“This high-resolution radar video, together
with the advanced tracking techniques used
within the system, offers massive benefits to
the VTS operator, especially within today’s
requirements of the ability to track small,
fast, erratic targets that may be a security or
safety threat within the maritime domain,”
comments Dr Navarro. “It can provide more
control of performance, given the specific
clutter and noise challenges for the site,
whilst at the same time improving probability
of detection and reduced false alarm rate.

“Further, it enhances the vessel tracking
robustness of the VTS and reduces track

swap, providing better object delineation
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High resolution fragments from the
C-Scope extractor and tracker allow for
detailed representations of radar video at
the operator console, while conserving
bandwidth from the remote radar site

which results in additional information for
the operators. Essentially, the much improved
video presentation can be likened to the jump
in quality from analogue terrestrial television
to the digital HD era; for ports, authorities
and ships this translates to safer and more
secure operation.”

Thenew generation C-Scoperadar extractor
and tracker has already been installed at
21 sites covering Canada, Denmark, India,
Korea, Macau, Norway, Saudi Arabia, Sweden
and the UK.

Kongsberg Norcontrol IT's recent upgrade
at the UK MCA's Dover Strait traffic separation
scheme and at the entrance to the Port of
London is very significant. The MCA has long
been a user of various Kongsberg Norcontrol IT
systems and is considered a forward thinking
agency, willing to put technology to use in
order to enhance safety and security around
Britain’s coastline. Having been one of the
first port states to implement a full national
AIS network, MCA is now leading the way
in the systematic implementation of this
new technology.

In high clutter situations it is imperative
to process amplitudes accurately in
order to maximise the signal-to-clutter
ratio. In this image the target can

be clearly delineated, as well as its
wake, its shadow and a nearby racon
that traditionally poses a challenge to
extraction and tracking

Raw radar video clearly distinguishes two
tugs pushing a vessel into harbour and
ice floating on the river

“Feedback so far from MCA has been very
positive. The system is working as planned
and VTS operators are getting a much clearer
picture of activity within the domain,” reports
Dr Navarro. “Although it is still early days in
the implementation of this technology, the
MCA’s VTS operators and other C-Scope
users can, through the use of our extractor
and tracker, take advantage of the much
improved video processing to enable them
to infer the correct size and shape of all
vessels, and then compare with stated vessel
characteristics from AIS and other sources for
security purposes.

“From the interactive point of view it also
enables the operator to verify a ship’s position
and orientation, to control better proximity
conditions such as for pilots and tugs and, in
increased awareness situations, to visualise
raw clutter independently of the extraction
process. Additionally, in complex scenarios
such as wind farms, shooting ranges and
navigation in waters with ice, an ability
to visualise the raw video can give a much
clearer picture,” concludes Dr Navarro. MEC
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