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THE ELECTRONIC CHART
IN AN EFFECTIVE VESSEL TRAFFIC SYSTEM

INTRODUCTION .

The Vessel Traffic System (VTS) described herein is established on total exploitation of
the flexibility afforded by today’s computer technology, and provides a comprehensive
traffic monitoring system for the marine environment. Computer technology makes
possible the electronic chart, which is a basic ingredient of any modern VTS. Beyond
this, by digitizing sensor-derived information, such as radar video, which was previously
used only as analog signals displayed on a PPI, it is possible to create an interaction
between digitized navigation chart and digitized target data which significantly advances
the goal of vessel traffic management.

For many years air traffic has been monitored by computers which generate the graphic
situational display of air targets and their tracks. These computers were tied to the
radar systems by interface equipment that digitized the radar return. The management
of the total air picture is readily handled by the computer once the radar information
is converted into digital form. The computer-assisted traffic management system
automatically plots target movements and checks collision avoidance criteria, thereby
increasing operator performance and reducing operator fatigue.

It is effective to apply the same technology within a Vessel Traffic System (VTS) which
consists of operation centers and radar stations and provides both traffic monitor and
shipping management. The traffic monitor system provides automatic target acquisition
and tracking, collision avoidance management, and anchored vessel and buoy watch
functions. The shipping management system allows quick access to ship information,
such as previous port entry, inspection checklist, etc., and may be connected to other
data bases for additional information.

As a VTS monitors activities occuring on a surface plane, it is apparent that by
introducing a digitized depiction of the affected surface - an electronic chart - the
computers are able to provide a comprehensive, and infinitely useful, view of the
traffic situation in real time.

The electronic chart serves a number of important functions. First of course, it shows
the geography of the area on which the traffic occurs. Second, it accomodates immediate
modification of the natural and cultural geography, enabling the system to take into
account and to monitor new harbor facilities, piers, buoys, anchorages, and channels.
Third, as the electronic chart is digital data, it can be integrated into a system such as
we describe as an active participant.

To clarify this function, we can cite this important example. If, as we say, the radar
information is transposed to digital data before it is introduced into the system, it is
possible to manipulate the digital data in any way necessary to enhance the VTS. One
such manipulation is the elimination of a large number of returns which aré not
significant, such as piers and other charted areas which are already shown on the resident
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electronic chart. Through software, it is possible to arrange that all radar returns
representing charted areas are suppressed.

Another important advantage offered by the electronic' chart is the facility for
instantaneous adjustment of the situation depiction. In the system described, a touch of
the finger on any point on the operator’s screen "zooms" the area to any desired scale
for greater definition.

To fully exploit the myriad advantages presented by the electronic chart, a conscious
effort is needed to eliminate data generated from sensors which is unnecessary, to extract
the target information which is important, and to correlate the information received from
separate sensors to preclude duplications.

Radar information from one to several transceivers can be incorporated into the system
'we describe. The individual radar stations are connected to any number of operation
centers, and the separate centers are linked together for coordination between them. The
radar stations can communicate with the operation centers through direct cabling,
telephone lines, UHF radios, or microwave links. The operation center displays are
connected through a local area network (LAN), which permits fast operator response.
The centers may be connected through land lines, or through a wide area network.

The operation center is equipped with several workstations, consisting of high resolution
color graphics monitors showing vessel traffic and ship management information. The
operator has access to information from all radar stations, through the central target
correlator mentioned above, which combines all the targets reported from all the radar
stations into one target table. Targets that are detected by multiple radar stations are
resolved into a single target by the target correlator.

The high resolution graphics monitor displays an electronic navigation chart superimposed
with target positions. The touchscreen on the monitor permits fast and friendly
interaction between the operator and the computer. For example, to obtain information
on a specific target, the operator only has to touch the target on the monitor. The data
monitor allows the operator to query stored information, such as name and telephone
number of local agent for an incoming vessel, or to create information for future
reference, such as a defects list.

The radar station, designed for unmanned operation, provides ship movement information
to the operation center. The equipment at the radar station consists of the radar(s), a
"Radar Data Unit (RDU)", communication equipment, and ancillary equipment, such as
weather station instruments, or intrusion alarms.

In air search radars, the radar information conversion normally takes advantage of clutter
elimination by use of a "Moving Target Indicator (MTI)." The doppler shift from aircraft
at normal speed provides discrimination between targets and clutter, thereby allowing
the computer to process relatively clean target information. Unfortunately, MTI is not
adequate for surface radar since ship speeds are not sufficient to produce a discernable
doppler shift. In addition, a doppler system would drop a ship target if the ship stopped
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during maneuvering. Therefore radar returns from ships are addressed in a different
manner for the vessel traffic situation.

The Radar Data Unit (RDU) described herein serves two fundamental purposes. First,
it converts radar video returns into a digital word that describes the location and relative
size of each ship in the coverage area of a standard marine radar. Secondly, it
automatically acquires those radar returns, and calculates the course and speed of each
ship and assigns a unique identifier to it. Additional functions performed by the RDU
are associated with the monitoring and control of all the equipment located at an
unmanned radar station.

GENERAL RDU FUNCTIONS

The RDU is comprised of four basic functional elements, housed in two printed circuit
card racks mounted in a standard 19-inch cabinet. The units contain the necessary power
supplies, cooling fans, and interconnecting wiring. In general, the RDU first converts the
complete radar picture to a digital bit stream and then discards all of the data associated
with radar returns from land. Since the VTS radar is at a fixed location, the range and
bearing to all land returns never change and only serve to interfere with processing of
the data from ship targets. And, as mentioned, land returns are not necessary as they
are available in the basic electronic chart.

Once the video in digital form has passed an established threshold test it is sent to the
correlator which performs scan to scan integration and determines the size and shape
of the target. The center of the target is calculated and used to establish a tracking
window and target identity. A pretracker senses movement of each target and adjusts the
tracking window accordingly. Final calculation of course and speed is done in the Site
Controller and Tracker (SCAT), which formats all the information on each target and
sends it to the center for integration with the other data in the VTS and for display
superimposed on the electronic navigation chart.

RADAR INTERFACE

The RDU is designed to use predicted statistics of marine radar with a log video
detector. The video signals are converted from analog to one of 128 digital levels for
each range cell. This provides a very large dynamic range and allows processing to be
done accurately. The synchro information for azimuth position of the radar antenna is
converted to digital words and provides 4096 discrete azimuths. The synchro and trigger
control many aspects of the processing since they are ‘a reference for the system. A
storage memory resides physically on the land mass blanker PC board and appropriate
%;ngk n:jass chart information is downloaded from the SCAT to designate areas to be
anked.

A test target generator is also provided on the interface board. For maintenance the
operator can create a simulated test target digitally and the analog test video will be
injected into the front end to be processed through the system. This provides a
convenient method of assuring RDU system integrity.
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TARGET EXTRACTOR

The extraction process is performed on digital information that represents the video
returns of the radar. The range of video derived in the video converter is dictated by
the radar pulse repetition rate. The maximum range of short pulse can thereby be
expanded beyond the normal radar short range. The limiting factor is the anticipated
video return level considering the clutter and target characteristics. For instance, the
pulse repetition frequency may allow short pulse returns out to 10 miles, but the video
returns at that range may be too weak to distinguish the returns from clutter. The video
converter can be programmed to stop video samples at six miles. A similar analogy is
true for medium and long pulse.

The digital video for each range cell is compared to a digital memory stored in the land
mass blanker. This memory is prepared unique to that radar location. Chart data for
land mass in the radar coverage area is prepared on a chart digitizer and then converted
from the mercator projection to a polar range and bearing. This now coincides with the
actual radar returns. The tolerance on the land mass blanking coincides with one-half
of the antenna beamwidth and range resolution of the selected radar pulse. Although
this expands the blanking pattern and as such removes small sections of ocean, it is
- needed to preclude small video returns from sections of land being mistaken for
stationary targets.

For points of land which provide desired reference, the blanking pattern can be shaped
to allow tracking. A radar site established solely to provide detailed short range coverage
of a harbor can use a blanker with resolution based on radar short pulse. Thus in
constricted waterways, vessels transversing close to land can be tracked without the land
mass being mistaken as a target.

Once the video samples are prepared they are passed through a two pole recursive filter
which allows integration of the pulses over the beamwidth of the antenna. This filter
determines the integrated value of the video target and clutter returns. Integration of
video across azimuth builds up target returns and reduces spikey clutter, including radar
mutual interference.

The digital value of the video at each range cell over the beamwidth of the antenna is
now compared with a threshold level. This threshold is calculated for each range cell by
first determining the average of the video cells that are distributed in the area around
the cell of interest. This patch is selectable, and has a size of N by M range cells. The
* standard deviation (sigma) of the log video returns in the area of the target is calculated
using a students-T distribution of the patch size. The mean and deviation computer is
also known as the Log-T processor. The patch size can be modified to shape the
distribution for best performance. An adjustable sigma factor changes system sensitivity
(or threshold).

Once the threshold comparator checks the ‘value of the video cell against the threshold
level, it makes a pass/fail decision and sends a 1 or O reflecting the test results.

4



All range cells out to the selected range for 360 degrees except land mass, have now
been determined to be either valid targets or not.

TARGET CORRELATOR

Assuming the pattern of range cells from the extractor are valid target cells, the
remaining problem is to determine the size of the target (i.e., how many range cells make
up each target), the center of the target (in X, Y format) and the direction and speed
at which the center is moving. Also, the target which has been built or defined must
have a unique identity which is remembered and associated with the same target scan
after scan.

The scan integrator stores each target and checks it against the video in the same region
for subsequent scans of the antenna. Once the range cells have been integrated over
sufficient scans so that any residual noise is eliminated the process of target size
determination, identity, and center is performed in the pre-tracker. The better the scan
correlation, the smaller the pre-track window becomes. The target quality monitor
performs this analysis. The pretrack calculation of course and speed are used only to
move the window with the target to prevent a lost target. This course and speed is rough
but as long as the video cells stay in the window, the size, location of center, and target
ID will be determined for every scan of the antenna. This information is passed to the
SCAT for storage in memory.

SITE CONTROLLER AND TRACKER

The Site Controller and Tracker (SCAT) plays an important role in tying all of the
functions at a remote radar station together and provides interface to the VTS. The
SCAT receives target information from the correlator, assigns each target to a track file
and processes new positions through a Kalman filter to produce a smooth course and
speed. The target size is converted to eight relative levels, and placed in the target file
along with the target identifier and position. Position is listed in distance X and distance
Y from the radar location.

In addition to the tracking function, the SCAT provides direct input and output of both

digital and analog signals. These control radar functions such as on/off or pulse width

selection. Control of communications equipment, power generators, and cooling systems

is also handled by the SCAT. Monitor and control of additional equipment, such as

\év(e:at%er station instruments or radio direction finders, may also be accomplished by
AT.

OTHER RDU CONSIDERATIONS

The Radar Data Unit is designed for independent unmanned operation of a remote radar
station. Although the design considers temperature and humidity the site should contain
air conditioning to assure maximum radar transceiver and RDU
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Built-in tests and test target injection can be performed at the remote site by a
maintenance technician with little test equipment or the operator can initiate tests from
his console at the control station to isolate faults to a sub-module level.

Target information from the RDU can be distributed by a communications network to
any number of consoles but control signals need to be limited to one master console.
This prevents two console operators from issuing conflicting instructions to the RDU.

As the radar station is the primary sensor for the Vessel Traffic System, it is strongly
recommended that an Uninterruptable Power Supply (UPS) be included as part of each
radar station. The UPS ensures adequate power is available for the RDU and
communication equipment for a short period of time until orderly shutdown can be
completed. The UPS also increases the reliability of the radar station by suppressing
power spikes and power surges.

Several configurations of remote radar stations are possible such as dual radars, or a
single antenna with dual transceivers. The RDU functions with equal effectiveness in any
configuration.

- This approach accomodates the following primary objectives:

o Enhanced operational safety
° Improved operator effectiveness
® Accommodation of future system enhancements

To satisfy these paramount considerations and to fully meet the detailed specifications
and requirements of a worldz-class port, this highly sophisticated and flexible VTS which
provides the greatest possible ease of operation coupled with secure, redundant, and
robust flow of information. Major system elements brought together to this end are:

) Optimal integration of the radar surveillance provided
by existing installations, with provision for integration
of additional radars.

° Integration of data received from existing or any
additional VHF/DF sensors.

° Real time dissemination of all data, including processed
radar target information to all system consoles,
monitors, data loggers, hard copy printers, plotters, and
supervisory stations via a robust, efficient token ring
network.

° Raw radar data processing, which includes detection,
dissemination, and management of essential target data.

° Simplified operator controls, utilizing modern touch
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