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The purpose of this section is to support Competent and VTS authorities in the understanding of AIS performance, supporting the design of the AIS service and its contribution to the VTS traffic image (situational awareness).
AIS operates within the marine VHF band and has the same limitations as VHF communication.  Secondly, an AIS reported position is primarily based on GNSS-sourced positional data with associated capabilities and constraints.
VTS Authorities could consider recommending Class-A devices for non-SOLAS vessels that participate in VTS or provide support for VTS operations.
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For general terms used throughout this section, please, refer to reference [1].
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The objectives of AIS in VTS are:
Automatically receive information from AIS-equipped vessels, including the ship’s identity, ship type, position, course and speed over ground, navigational status and other safety-related information;
Monitor and track AIS-equipped vessels;
Exchange data with AIS-equipped vessels;
Support value added functions over the AIS infrastructure;
Manage AIS-based Aids to Navigation (including virtual and synthetic AtoN);
Provision of vessel identification and location information to the VTS traffic image;
Provision of vessel manoeuvring and voyage related data to the VTS;
Provision of facilities to enable transmission of information between the VTS and the mariner.
[bookmark: _Toc418521465][bookmark: _Toc418597424][bookmark: _Toc452277027]Physical Implementation of VTS AIS

[bookmark: _Toc418521466][bookmark: _Toc418597425][bookmark: _Toc452277028]Equipment
The Physical Equipment options for a VTS Authority are as follows:
AIS base station;
AIS limited base station;
AIS receiver;
AIS repeater;
AIS Aid to Navigation (AtoN).
In all cases, careful consideration should be given as to whether the information is sufficient to support the required VTSO tasks.
An AIS repeater may be used to extend the AIS coverage area of a VTS system.
AIS can be an integral part of an Aid to Navigation such that the AtoN position and other AtoN-related data can be transmitted over the AIS network and received by ships.
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An AIS base station will need to be licensed by the appropriate national Radio Communications or Broadcast Authority in most countries.  The licensing process will also determine any restrictions regarding the siting of the AIS base stations and their aerials.  Potential AIS base station sites are determined based upon a cellular mapping of all base station sites (See section 7 of IALA Recommendation A-124).  AIS Cells are 30NM x 30NM square with a limit of two (2) base stations to each cell.  One of the AIS base stations within a cell is configured to transmit its Fixed Access TDMA (FATDMA) information on one of the AIS VHF frequencies and the other base station is configured to transmit its FATDMA information on the other AIS VHF frequency.  However, if an adjacent cell has less than 2 base stations (this can include a cell that is adjacent and inland), then additional base stations can be included by borrowing the allocation from the adjacent cell.  The cell size also means that AIS VHF aerials should not be positioned higher than approximately 35m above sea level.
The limit of two base stations per cell is to ensure that the number of FATDMA slots is not excessive in any one geographic area.  AIS base stations can transmit their own position so that the port appears on the ECDIS display of incoming vessels.  However, the position transmission is repeated in a fixed slot on every AIS net cycle and, therefore, it consumes a fixed amount of the AIS bandwidth.  If there are too many timeslots allocated for FATDMA, it reduces the availability of TDMA slots which are used by the AIS transponders on-board vessels for their normal position and ID transmissions.
It should also be noted that if the base station does not need to transmit its own position and, therefore, does not use FATDMA, then the number of base stations per cell can be increased.
Every AIS base station has a MMSI (Maritime Mobile Service Identity).  Where a VTS system has multiple AIS base stations to cover a large VTS Area, each base station can be given the same virtual MMSI so that the whole VTS system appears with a single identity.  The MMSI will normally be issued by the appropriate national Radio Communications or Maritime Authority when licensing the use of AIS frequencies.
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AIS may provide timely, relevant and accurate information to VTSOs to support the compilation of the VTS traffic display.  It provides automatic vessel position reports and movement information as it is received at base station sites.  Where radar is installed as part of the VTS sensor suite, the AIS information should be correlated with the radar target data to ensure that each vessel within the VTS area is represented by a single track on the VTS Traffic Display.  AIS also provides supporting information about the ship and its current voyage that may be integrated with other port operations.
The provision of information from the VTS to the mariner and vice versa is supported by AIS through the use of short text messaging and the global and regional binary messages within the AIS protocol.
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Target Tracking 
The Automatic Identification System (AIS) provides identification and position to enable the VTSO to monitor and track vessels within the VTS Area.  AIS transmissions consist of bursts of digital data ‘packets’ from individual stations, according to a pre-determined time sequence.  AIS data consists of shipboard information such as position, time, course over ground (COG), speed over ground (SOG) and heading.
The AIS position reporting rate is dynamic and will change, depending on the speed of the reporting vessel and whether the vessel is manoeuvring or not.  For a class-A transponder, the nominal position reporting rate is once every 10 seconds.  For a high-speed and/or manoeuvring vessel, this rate may increase up to once every 2 seconds.  Conversely, for a vessel, moored or at anchor, the position report rate may drop to once every 3 minutes.
Although the standard position reporting intervals are normally sufficient, an AIS Base station may be used to temporarily increase the position report rate of targets of interest.  AIS may enhance situational awareness for the VTSO by improving the detection of vessels that are obscured from line of sight associated with other sensors.  As a cooperative means of identification and detection, the AIS element of a VTS will receive data from any vessel that is equipped with a transponder even in severe sea and rain clutter conditions.
Aids to Navigation
AIS AtoN (including real and virtual AtoN) will be presented to the VTSO through the traffic image.
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AIS provides facilities for mariners to enter details of their voyage, ETA and cargo etc.  This static data is part of the standard AIS transmissions at 6 minute intervals or on request.  The static data may be received by the VTS system and can be used to support VTMIS applications such a Port Information Management databases.  Note, however, that, due to the absence of any commonly agreed procedure to update this data, it may not be present, be outdated or simply incorrect.
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Text Messaging
A VTS Authority could use AIS to send free-format text messages to a vessel at sea.  Such messages are intended to be for safety-related purposes.  When received, AIS text messages will appear on the Minimum Keyboard Display (MKD) of the on board AIS system, and could also be displayed on other systems such as ECS/ECDIS.  Note, however, that AIS text messages are not a replacement for voice communication; a VTSO should not assume that AIS text messages were received and read on-board.
AIS text messages can be addressed either to a specified destination (MMSI) or broadcast to all ships in the area.  The content should be relevant to the safety of navigation, e.g. an iceberg sighted or a buoy not on station.  Such messages are limited to a maximum of 156 characters for an addressed message and 161 characters for a broadcast message.  Although unregulated, AIS messages should be kept as short as possible (preferable less than 48 characters for an addressed message and less than 53 characters for a broadcast message).
Binary Messaging
In addition, AIS has facilities for sending and receiving binary messages (there are 4 types of binary messages within the AIS protocol) and these can be used for supporting and ‘value added’ applications.  Binary messages are specified as “global” or “regional”, where the global messages are in accordance with reference [7] and the regional messages may be defined by appropriate authorities (see references [2] and [6] for further details).
The AIS infrastructure and protocol provides facilities to enable application developers to produce new functionality and capability though the use of the binary messaging features.  All such developments and message sets should be consistent with the purpose of AIS in respect to enhancing Safety of Life at Sea.
It should be noted that the approval of the appropriate National Authority may be required for the use of the AIS VHF data link for a supporting application.  One example of a supporting application is the transmission of specific hydrographical data.
It is recommended that National Authorities should monitor and coordinate the use of binary messaging within their area of responsibility to ensure that the necessary facilities for ship reporting via the VHF Data Link (VDL) are not compromised.
Aids to Navigation
AIS base stations, as part of a VTS System, can be configured to broadcast synthetic and/or virtual aids to Navigation (AtoN). See definitions detailed in IALA Recommendation A.126 [5].
AIS may be integrated with a physical AtoN for monitoring and control purposes and, also, in such a way that other data sources, hosted on the AtoN, can be managed through the main VTS Traffic Display.  A physical AIS AtoN could be configured to transmit further virtual or synthetic AtoN.
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VTS may use the AIS Service capability to change the reporting mode (from autonomous to assigned mode, for example) of selected shipboard AIS units.  This will enable the ship station to operate according to a specific transmission schedule, as determined by the VTS Authority.
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AIS may be susceptible to interference from adjacent channels.  When siting AIS base stations, due consideration should be given to frequency allocations adjacent to AIS channels to avoid possible service disruption.
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In general, AIS design coverage ranges should approximate VHF voice communication ranges.  However, actual vessel traffic density or geographic considerations (i.e., mountains or other VHF occlusions) may determine the need for additional base stations.
When estimating the size of the operational coverage (operational cell) for shore facilities, an important consideration is the traffic load – number of mobile AIS stations within the area.
For example, calculations in one port have indicated that an AIS base station could accommodate less than 300 active AIS units.
For further information refer to Reference [1].
Where the VTS Area extends beyond the coverage of a single AIS base station, the recommended approach is to extend the VTS Network with additional base stations or to connect to a separate AIS network, such that the required coverage is achieved.  Where it is not possible to extend the VTS network, AIS repeaters could be used.
A repeater provides a simple means of extending the AIS coverage, however, at a cost of halving the capacity of the system!  For this reason, AIS repeaters are not recommended for use in areas of high traffic density.
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With the growth of the number of vessels, equipped with AIS, and the available bandwidth of AIS, there are more and more areas where AIS reception is degraded due to overload conditions.  Possible consequences include decreased effective reporting rates of vessels, causing problems for data fusing, and Class-B transponders cannot report due to lack of time slots.
This may lead to a stale or incomplete vessel traffic image without notification to the VTSO, and vessels may not see each other when reliant on the use of Class-B transponders, especially in areas where there is limited or no radar coverage.
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AIS position information is, in principle, obtained through GNSS.  There is a possibility of GNSS-sourced positional data being corrupted due to (satellite) equipment faults and intentional or unintentional interference (of the satellite-originated signals).  Where possible, safeguards should be considered within the VTS system to assess the integrity of positional data when two or more sources of such data are available.  Note, that corruption of position data may result from an incorrect time stamp.
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VTS is a shore based operation and as such it should use AIS physical equipment intended for on-shore use. VTS should therefore not use the physical (mobile Class A or Class B) transponder equipment intended for installation on a vessel.
The outdoor installations for AIS systems should be specified taking the considerations in Section 1 into account. This should also consider maintenance access, lightning protection and wind load on antennas.  The build-up of ice in some climates should also be a consideration.
The AIS base station equipment should be housed indoors and in a controlled environment, as would be used for other IT network components.  AIS base stations are typically 19-inch rack mountable and therefore all network and power connections will normally reside within the 19-inch equipment rack.  Installation should therefore be simple and uncomplicated.  For remote sites, where access may take more than 1 or 2 hours, the concept of a duplicated / hot standby configuration should be considered.
Standard maintenance procedures should apply to the base station and network connectivity.  However, for the outdoor aerial equipment, regular checks should be made to ensure that the aerials, and cable runs to the aerials, are not damaged.

