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AUTOMATIC IDENTIFICATION SYSTEM (AIS)

Collision avoidance is one of the major challenges facing shipping. The introduction of AIS
is one of the measures taken to mitigate this threat. Increasingly the system is now also
used for surveillance of coastal waters and vast ocean areas.

Introduction

AIS is a short range VHF system used for location
and identification of vessels and is mandatory for
vessels above 300 BRT. Originally conceived as a
shipping anti-collision communication system in the
late 90s, AIS is now on its third version of the ITU
recommendation M.1371, which governs its devel-
opment. It has become an important tool for mari-
time safety, and increasingly also for the surveil-
lance of coastal waters.

Recent developments have seen an adaptation of
the specification to the requirements of inland wa-
terways shipping, the introduction of AIS-SARTs
(Search-and-Rescue Transmitters) and the bring-
ing into operation of LEO (Low Earth Orbit) satel-
lites collecting AIS message traffic from vast areas
of the oceans. This is possible because the vertic-
al range is about 400 km in contrast to the horizon-
tal range which is nominally 40 km.
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Fig. 1 AIS architecture

Architecture

An integrated AIS network with mobile stations,
base stations and a transfer network connecting to
Vessel Traffic Services (VTS) and Maritime Res-
cue Coordination Centers (MRCC) is shown in fig.
1. On top of this, regional organizations, e.g. HEL-
COM set up by the states with a Baltic Sea coast
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line are collecting and disseminating AlS data on a
regional basis.

Several states have launched small satellites for
proof-of-concept of satellite based AIS based sur-
veillance. Ocean located buoys are also being
used for this purpose.




Fig. 2 below shows a snapshot of vessel traffic in
the Dover Straits using AlS position telegrams. AIS
messages can be displayed as text on a MKD
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(Minimum Keyboard and Display), as overlay on a
radar screen or an ECDIS (Electronic Chart Dis-

play).

Fig. 2 AIS based vessel positions using standard icons

Mobile AIS transponders transmit short messages
containing information on the v e s s ebulss
heading, position, rate of turn, MMSI identification
of the vessel. Other messages contain ship static
and voyage related data, UTC and date requests
and SAR aircraft position reports. Base stations
transmit reports on themselves, data link and mo-
bile station management messages and com-
mands.

The architecture allows for commands to be sent to
the mobile transponder via DSC (Digital selective
Calling) on VHF channel 70.

Two major classes of AIS units exist, Class A
which is regulated under the SOLAS (Safety of Life
at Sea) convention, roughly for i b i g mmercial o
vessels and Class B for non-SOLAS and leisure
craft.

A Class A station has two VHF TDMA receivers,
one TDMA transmitter and one DSC receiver. It is
connected to displays and sensors. To achieve
proper timing it also has a GPS receiver.

A block diagram of a Class A unit is shown in fig. 3.
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Fig. 3 Block diagram of a Class A unit
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Protocol

The core of AIS is the concept of Self-Organizing
Time Division Multiple Access (SOTDMA) which is
used for Class A devices. Each frame (one minute
long) is divided into 2250 slots which gives 4500
slots as AIS signals are transmitted on two fre-
guencies, AIS1 (161.975 MHz) and AlIS2 (162.025
MHz). Based on previous traffic history, each sta-
tion when transmitting reserves a future slot for its
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next message. Messages may be longer than one
slot. To avoid overlap stations continuously syn-
chronize to each other (see fig. 4).

Base stations use another access method, FTDMA
(Fixed TDMA) with fixed slots. Class B equipment
use CSTDMA (Carrier Sense), an adaptation of the
Ethernet collision sense access method.
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Fig. 4 How SOTDMA works

AIS utilizes GMSK (Gaussian Minimum Shift Key-
ing) modulation at 9600 bit/s. Adjacent channels
can be spaced either 12.5 kHz or 25 kHz. Data is

encapsulated in HDLC-like packets, which are
NRZI encoded, see fig 5 and fig. 6.
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Fig. 5 AIS message composition
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A generic transmission packet consists of:

- Ramp-up time (8 bits)

- Training sequence (24 bits)
- Start flag (8 bits)

- Data (168 bits)

- CRC (16 bits)
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- Endflag (8 bits)
- Buffer (24 bits)

CRC is the 16 bit HDLC FCS. The packet is bit-
stuffed to prevent false flag characters (0x7E) and
is transmitted with LSB first.

Application layer

Presentation layer

Session layer

Transport layer

Channel A

Network layer

Channel B

Link management entity
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Medium access control
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Rx A
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Fig. 6 AIS protocol stack

For AIS 26 messages have been defined (see Ta-
ble 1).

The messages can roughly be divided into two
groups, broadcast and addressed. Broadcast mes-
sages are directed to all vessels or units or to mo-
bile stations based on specific position, type of
vessel or type of cargo. Addressed messages are
directed to a specific mobile station based on its
MMSI.

Some messages are called application specific be-
cause their content is determined by an applica-
tion. The binary content is either defined by ITU, by
IMO or by national authorities. Examples of appli-
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cation specific usage are messages used along
the St.Lawrence Seaway between Canada and
USA, Inland AIS binary messages for the water-
ways of the Rhine-Danube area, or the messages
recommended by IMO with information on safety,
locks, weather conditions, tidal information, vessel
traffic, water levels etc.

AIS is also used to broadcast navigational aid posi-
tions, either as synthetic AIS or virtual AIS. In the
first case a base station transmits the position of
navigational aids which do not themselves have an
AIS transmitter. In the second case the navigation-
al aid or object (e.g. a wreck) does not physically
exist.
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[BASE STATION MMsSI: 003160036 COUNTRY: Canada

FRAME SPECIFIER: (1)PCSITICH REPCRT
SCURCE: MMSI 31500258% COUNTRY: Canada MOBILE UNIT: 258%
NAVIGATIONAL STATUS: Under way using engine

[RATM: In use

FRAME SPECIFIER: (Z20)DATA LINK MANAGEMENT MESEAGE
SCURCE: MMSI 3150044 COUNTRY: Canads BASE UNIT: 44

POSITION: Long. 73.5847W Lat. 45.4082W Recuracy: low ( >10 m)

MOTION: 80G: 0.1 kts C0G: 2%.0 deg. ROT: Not available TRUE HDG: Wot available
*STANDARRD-AIS : SPECIAL MANOEUVRE: Not available
>INLAND-ATS : BLUE SIGN: Mot available REGICNAL BITS: O

COMMUNICATION STATE (SOTCMA): SYNC STATE: UTC direct SLOT TIME-OQUT: 0 SLOT COFFSET: 0

SLOT RESERVATION SCEEDULE 1: OFFSET: 143% slots MO OF SLOTS: 3 TIMEOUT: 7 min  INCREMENT: 750 slots
SLOT RESERVATION SCEECULE 2: OFFSET: 1224 slots MO OF SLOTS: 3 TIMECUT: INCREMENT: 150 slots
SLOT RESERVATION SCEEDULE 3: OFFSET: 1234 slots NO OF SLOTS: 5 TIMEGUT: 7 min  INCREMENT: 150 slots
SLOT RESERVATION SCEEDULE 4: OFFSET: 1244 slots MO OF SLOTS: 3§ TIMEQUT: 7 min  INCREMENT: 150 slots
FRAME SPECIFIER: (§)BINARY BROADCAST MESSASE
SOURCE: MMSI 3180045 COUNTRY: Canada BASE UNIT: 45
RPPLICATION ID D2C: 316 FUNCTICN ID: 1  MESSAGE ID: 3
SLS SPECIFIC HYDRO MESSAGE: (3)WATER LEVEL
STATION 1 IDENT: cscu
POSITION: Long. 73.56%5W Lat. 45.4080N TIME: 09/25 19:5§

WATER LEVEL TYPE: Water Depth LEVEL: 20.83 m

REFERENCE DATUM: IGLD-835

STATION 2 IDENT: SNLL

POSITION: Long. 74.7701W Lat. 44.§882N TIME: 08/22 10:26

WATER LEVEL TYPE: Water Depth LEVEL: 47.18 m

[REFERENCE DATUM: IGLD-85

STATION 3 IDENT: W-SLU

POSITION: Long. 74.0008W Lat. 45.2305M TIME: 08/26 185:56

WATER LEVEL TYPE: Water Depth LEVEL: 45.83 m

REFERENCE DATUM: IGLD-85

STATION 4 IDENT: KGN

POSITION: Long. 76.4775W Lat. 44.2277N TIME: 08/22 10:26

WATER LEVEL TYPE: Water Depth LEVEL: 74.70 m

REFERENCE DATUM: IGLD-85

4 m |
|| Demodulator: GFSK [Shift: 6000 Hz [ |Translation: 11000 Hz [Input: AIS Fiestart
i [_Ioml /)

Fig.7 Decoded AIS signals

Implementation

The AIS module of the Wavecom decoder will de-
code all packet information for both standard AlS,
Inland AIS and most binary (application specific)
messages. From top to bottom, the screenshot in

Page 5

fig. 7 shows a position message (msg 1), a data
link management message (msg 20) from a Cana-
dian base station and finally a St. Lawrence Sea-
way specific hydro message (a binary broadcast
message, msg 8).
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Message Name Message # | Message Name
0 Undefined 14 Safety related broadcast message
1 Position report (scheduled) 15 Interrogation
2 | Position report (assigned) 16 Assigned mode command
3 Position report (when interrogated) 17 DGNSS broadcast binary message
4 | Base station report 18 Standard Class B equipment position report
5 Static and voyage related data 19 Extended Class B equipment position report
6 | Addresses binary message 20 Data link management message
7 Binary acknowledge 21 Aids-to-navigation report
8 Binary broadcast message 22 Channel management message
9 Standard SAR aircraft position report 23 Group assignment
10 | UTC and date inquiry 24 Class B ACS0 static dad
11 | UTC/Date response 25 Single slot binary message
12 | Safety related addressed message 26 Multi slot binary message
13 | Safety related acknowledge 27 - 63 Undefined

Table 1 AIS messages

The maintenance of the ITU M.1371 recommen-
dation has been transferred to IMO for binary

messages and to IALA for technical clarifications.

References: Diagrams and drawings have been borrowed from ITU recommendation M.1371-3, "IALA Guidelines on the Universal Au-
tomatic Identification System, vol. 1, part | and Il Operational and Technical Issues, ed. 1.1" and various Internet sources
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