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Introduction

NOAA and CCOM are working on a joint demonstration project using the Hampton Roads and Elizabeth River area.  One of the project goals is to feed live tide station updates through the USCG NAIS (National Automatic Identification System) infrastructure to a remote navigation system on a ship.  The tide messages will be fed to TCARI to generate near real-time (up to at most 7 minute latency) tide maps using the actual data. 

This document presents the draft water level (a.k.a. tide station) message for use in the Elizabeth River 2007 demonstration.  The message will be defined using a draft XML AIS specification language designed by Schwehr (FIX: provide reference to the draft definition).  This message and the specification language are not intended for use as an official standards body specification and are only valid for the duration of the test.  If they are useful, the AIS community must then determine what modifications are necessary and how they should be converted to a formal/ratified specification.

What is AIS?

If you are unfamiliar with the technical workings of AIS, please give the Wikipedia entry a read.  Here is a short except modified from the entry:

http://en.wikipedia.org/wiki/Automatic_Identification_System

AIS transponders automatically transmit/broadcast the position and velocity of the ship at regular intervals via a VHF radio built into the AIS. The position and velocity originate from the ship's GPS or, if that fails, from an integral GPS receiver. The AIS also receives heading information from the ship's compass and transmits this at the same time. Other information, such as the vessel name and VHF call sign, is entered when installing the equipment and is transmitted less frequently. The signals are received by AIS transponders fitted on other ships or on land based systems, such as VTS systems.

In order to ensure that the VHF transmissions of different AIS do not occur at the same time they are time multiplexed, using a patented technology termed STDMA (Self organizing Time Division Multiple Access). (Whether this patent has been waived for use by SOLAS vessels is a matter of debate between the manufacturers of AIS systems and the patent holder.) In order to make the most efficient use of the bandwidth available, vessels moving slowly transmit less frequently than those that are moving faster or are maneuvering. The update rate of fast maneuvering vessels is similar to that of a conventional marine radar. The time reference is derived from the GPS system.
Background

The Saint Lawrence Seaway (SLS, http://www.greatlakes-seaway.com/) is one of the first areas to use the AIS binary messages (message numbers 6 and 8) to send additional information to ships.  The SLS specification provides a baseline for how to create AIS binary messages.  To make this process easier, an XML definition language has been prototyped to allow automatic generation of message encoding and decoding.  Before delving into the specifics of the XML specification and the new tide station message, it is important to review the existing “Water Level” message from the SLS as it is a currently deployed and operational instance of AIS binary messaging.  
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Figure 1: Binary message overview from the Saint Lawrence Seaway (SLS) AIS specification.

Figure 1 shows the overview of an AIS binary message from the SLS spec.  The DAC and FID are mandated by the AIS 1.0 standard and are known as the Application ID.  Everything that follows is the SLS application data and is controlled by the SLS authority.  They break the message into a SLS message number and seaway data.  The seaway data will contain the relevant information for the water level message in this case.

Figure 2 shows that there are constraints on the AIS message since because the message must be sent in increments of fixed length TDMA packets (termed slots).  Because of this, they have allowed the message to contain 1 to 6 slots and pad the remaining bits in any partially full packet.

[image: image2.png]Parameter Number Description
of bits
Application 1D 16 DAC = 316 or 366, FI = 1; See Section 2.1
Reserved 2
Message 1D 6 Message Identifier = 3 (00 0011 in binary)
Binary Data Max 864 | Message contains 1 {0 6 water level reports, each structured as defined
in Section 5.1
Total Number of bits | Max 888 | =24 + N*144
N TotalBits (Slots Required)
1 168bits (2 slots)
2 312bits (2slots)
3 456bits (3 slots)
4 600bits (4slots)
5 744bits (4slots)
6 888bits (5 slots)





Figure 2: Saint Lawrence Seaway water level message architecture.  See figure 3 for the details of each sub-message with individual reports.

[image: image3.png]Timetag 20 Month, Day and Time of reading, See section 2.2
Station ID 22 Seven 6-bit ASCII character ID
Longitude 25 Longitude in 1/1000 minute (£180 degrees, East = positive, West =
negative. 181 degrees = not available)
Latitude 2 Latitude in 1/1000 minute (+90 degrees, North = positive, South =
negative. 91 degrees = not available)
Water Level Type | 1 Oor 1, 0= Relative (o reference datum , 1= Water Depth ,
Note: Always 0 for Saint Lawrence Seawa
Water Level 6 Water level in cenfimeters -327.67 to +327.67 meters,
-32767 =-327.67 m or less, +32767 = +327.67 m or greater,
-32768 = not available
Reference Datum | 2 Defines datum used
0=MLLW
1=1GLD-85
2,3 = reserved for future use
Note: Always 1 for Saint Lawrence Seaway
Reserved 4 Reserved bits for fulure use
Total Number of bits | 144





Figure 3: Individual water level report in the SLS water level binary message.

Figure 3 shows the details of what is contained in each water level report.  The reference datum is limited in the number of possible options and needs to be expanded for use in other countries.  The message is missing a number of fields that are desirable for communicating water level messages as collected by the NOAA Ports/Co-ops systems.  The message works well for the Saint Lawrence Sea way, but the next section addresses the required chances to make the message more generally relevant (at the price of being a less compact message).

PROPOSED NEW MESSAGE

Based on the St. Lawrence Seaway and feedback from NOAA and CCOM, I currently have created an initial format specification for the water level that might work for tide stations.  The message uses the country code DAC for the US, a fid of 63, and (what I call) a efid of 1 (extended functional identifier providing a much larger message address space).  In the XML, the time and position sections are predefined by structures that are expanded out to create bitwise fields.  No work has yet been done to make the bit counts here match up with AIS packet boundaries.  Packet aligning the message is required once comments are received on this initial revision.

Figure 5 shows the message table derived from the source XML file by using an XML stylesheet transformation (XSLT).  After the table is the raw xml source defining the message.   The boolean flags for tolerances come from the NOAA CORMS data quality monitoring system (https://corms.nos.noaa.gov/).

[image: image4.png]AIS Message: waterlevel (366:63:1)
Description:

Water level report. In this case from the NOAA Co-Ops 6 minute raw data

Note:Prototype only for the Hampton Roads/Elizabeth River 2007 demonstration project
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[efid 2 wint __ extended functional identifier
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fimetag_hour 5 wint | Time the measurement represents UTC hours 0..23
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Figure 5: New AIS binary message for water level messages with NOAA Co-ops support.

Water level XML definition

This is the raw XML that defines the contents of the message.  Total bit counts have not yet been made to conform to the AIS packet boundary.

<?xml version="1.0" encoding="utf-8"?>

<!-- $Id: waterlevel.xml 4829 2006-09-29 21:35:55Z schwehr $ -->

<!-- $Revision: 4829 $ -->

<!-- $Date: 2006-09-29 17:35:55 -0400 (Fri, 29 Sep 2006) $ -->

<!-- Example by Kurt Schwehr for the Hampton Roads/Elizabeth River demonstration -->

<ais-binary-message version="1.0">

  <struct name="position2d">

    <description>Generic representation of position on the WGS84 sphereoid</description>

    <field name="longitude" numberofbits="28" type="udecimal">

      <description>East West location</description>

      <range min="-180" max="180"/>

      <unavailable>181</unavailable>

      <units>degrees</units>

      <scale>600000</scale>

      <decimalplaces>5</decimalplaces>

    </field>

    <field name="latitude" numberofbits="27" type="udecimal">

      <description>North South location</description>

      <range min="-90" max="90"/>

      <unavailable>91</unavailable>

      <units>degrees</units>

      <scale>600000</scale>

      <decimalplaces>5</decimalplaces>

    </field>

  </struct>

  <struct name="utcdatetime">

    <description>Time stamp in UTC</description>

    <field name="month" numberofbits="4" type="uint">

      <description>month 1..12</description>

    </field>

    <field name="day" numberofbits="5" type="uint">

      <description>day of the month 1..31</description>

    </field>

    <field name="hour" numberofbits="5" type="uint">

      <description>UTC hours 0..23</description>

    </field>

    <field name="min" numberofbits="6" type="uint">

      <description>minutes</description>

    </field>

    <field name="sec" numberofbits="6" type="uint">

      <description>seconds</description>

    </field>

  </struct> <!-- utcdatetime -->

  <!-- ============================================================ -->

  <message name="waterlevel" aismsgnum="8" dac="366" fid="63" efid="1">

    <description>Water level report.  In this case from the NOAA Co-Ops 6 minute raw data</description>

    <note>Prototype only for the Hampton Roads/Elizabeth River 2007 demonstration project</note>

    <see-also>http://opendap.co-ops.nos.noaa.gov/axis/</see-also>

    <!-- <see-also>http://opendap.co-ops.nos.noaa.gov/axis/doc.html</see-also> -->

    <!-- header -->

    <field name="dac" numberofbits="16" type="uint">

      <description>Designated Area Code</description>

      <required>366</required>

    </field>

    <field name="fid" numberofbits="4" type="uint">

      <description>Functional Identifier</description>

      <required>1</required>

    </field>

    <field name="efid" numberofbits="12" type="uint">

      <description>extended functional identifier</description>

      <required>12</required>

    </field>

    <!-- body -->

    <include-struct name="timetag" struct="utcdatetime">

      <description>Time the measurement represents</description>

    </include-struct>

    <!-- number of bits of station id is just to match St. Lawrence Seaway -->

    <field name="stationid" numberofbits="6" arraylength="7" type="aisstr6">

      <description>Character identifier of the station.  Usually a number.</description>

      <note>station name should be taken from an external lookup table based on stationid</note>

      <unavailable>@@@@@@@</unavailable>

    </field>

    <include-struct name="stationloc" struct="position2d">

      <description>Location of the sensor taking the water level measurement or position of prediction</description>

    </include-struct>

    <field name="waterlevel" numberofbits="16" type="sdecimal">

      <description>Water level in centimeters</description>

      <unavailable>-32768</unavailable>

    </field>

    <field name="datum" numberofbits="5" type="uint">

      <description>What reference datum applies to the value</description>

      <note>Tries to match the first 2 along with the St. Lawrence Seaway.  2 is for Water Level Type of 1?!?</note>

      <note>Need a good reference to the definition of each</note>

      <lookuptable>


<entry key="0">MLLW</entry>


<entry key="1">IGLD-85</entry>


<entry key="2">WaterDepth</entry>


<entry key="3">STND</entry>


<entry key="4">MHW</entry>


<entry key="5">MLS</entry>


<entry key="6">NGVD</entry>


<entry key="7">NAVD</entry>

      </lookuptable>

      <unavailable>31</unavailable>

    </field>

    <field name="sigma" numberofbits="32" type="float">

      <description>Standard deviation of 1 second samples used to compute the water level height</description>

      <note>could easily be make a more compact decimal</note>

      <units>m</units>

    </field>

    <field name="o" numberofbits="8" type="uint">

      <description>Count of number of samples that fall outside a 3-sigma band about the mean</description>

      <unavailable>255</unavailable>

    </field>

    <!-- FLAGS Based on NOAA Co-ops format -->

    <field name="levelinferred" numberofbits="1" type="bool">

      <description>indicates that the water level value has been inferred</description>

      <note>NOAA Co-Ops I flag</note>

    </field>

    <field name="flat_tolerance_exceeded" numberofbits="1" type="bool">

      <description>flat tolerance limit was exceeded.  Need better descr</description>

      <note>NOAA Co-Ops F flag</note>

    </field>

    <field name="rate_tolerance_exceeded" numberofbits="1" type="bool">

      <description>rate of change tolerance limit was exceeded</description>

      <note>NOAA Co-Ops R flag</note>

    </field>

    <field name="temp_tolerance_exceeded" numberofbits="1" type="bool">

      <description>temperature difference tolerance limit was exceeded</description>

      <note>NOAA Co-Ops T flag</note>

    </field>

    <field name="expected_height_exceeded" numberofbits="1" type="bool">

      <description>either the maximum or minimum expected water level height limit was exceeded</description>

      <note>NOAA Co-Ops L flag</note>

    </field>

    <field name="link_down" numberofbits="1" type="bool">

      <description>Unable to communicate with the tide system.  All data invalid</description>

    </field>

    <include-struct name="timeSinceLastMeasured" struct="utcdatetime">

      <description>Time since last measured value was available</description>

      <note>If the system has never seen a valid measurement for the station, set the date to WHAT?  1972?</note>

    </include-struct>

  </message> <!-- waterlevel -->

</ais-binary-message>

