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* 30 slides
* 60 mins approx.
* Feel free to ask questions as we
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Automatic Identi n System

— -

* What is AIS
* How it works 3}
* AIS for Sailing |
» Components and options
e Antenna performanc —_—
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* AISis a VHF radio-based vessel identification and t‘wg system.
— Primary function of AlS is collision avoidance el

— Since 2008, mandatory for passenger vessels and all vessels over 30 ot
— Widely used by CIL, Coast Guard, SAR, Port Operations, and others

* A ship-based AlIS transceiver (Transmitter + receiver)
— Transmits current position, COG/SOG, status, and other information
— Receives data from AIS transmitters in range i
* Position & COG/SOG can be displayed on a chartplotter or re en

* Receiver can issue various safety warnings and alerts ,|-
8

 Ashore-based AIS L] -
— Some additional functions - can transmit navigation and
interrogate individual vessels, etc. == ( g
4

* AISis autonomous: AlS-equipped vesselsrc u.__ﬁ ck
matter how remote a ship-based ALS \.l Wack A

¢ Combined information from s 0{ se d and sa
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What AIS p

ey .
* Improved situational awareness , :

— ldentify other vessels, SOG/COG/status (at Anchor, Under Way, ‘fr
— Provides some weather information from buoys, lighthouses, and 0
— AIS has special AtoN capabilities (more on next slide) --'_'fj;j 3;;'

* Makes your boat more visible to vessels with AIS #' il

— Larger vessels are faster, less maneuverable, constrained by dr
impaired*, compared to yachts. 4

e (Can Assist with SAR and MOB S|tuat|ons

— SAR can use AlS to locate you £
— AIS MOB Personal Locators — quick Iocatlon f casua

May help to stay in touch - your ves,_segl.ié

W

* SOLAS Chapter V — 1/7/02 permits blind u S: J}he vie
obscured by more than two ship lengths, or 5 m, whiche ";
all conditions of draught, trim and deck cargo” 7
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w
Situational a
Navigation

toN)

AtoN type Target
Exists

Physical Lighthouse

Synthetic Yes No Recent wreck
Virtual No No Buoy off station,
waypoint

* Shore-based stations (Coast Guard ) can advertise S 3 nthe'

I »
r

/.

* Synthetic and virtual AtoN can glve E nlng
can be deployed or the hazard»r moved.

* Physical and some synthetic At 0
* Weather observations, vx:av#as
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Individual AIS plotters may use different symbols for physical/synthetic/vi?’tuI AtoNs_| l

Rigg Bank

Virtual AtoN example.

"L,_V
W MarineTraffic
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Live Map Explore v Community v Pricing v

=  AddtoFleet | Vessel Details

ACTIONS ON MAP MORE INFO

Show Previous Track  Voyage Timeline

Show Route Position History @

Lot Port Calls

Distance from =]
here

NEARBY VESSELS

& Create Notifications
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I’ CONINGBEG

Cardinal Mark S MMSI: 992501074

Latest Position ~

Latest Position ~

Position Received: 2022-01-13 23:47 UTC
8 minutes ago

Position Received: 2022-01-14 10:05 UTC
2 minutes ago

Vessel's Local Time:
2022-01-13 22:47 LT (UTC-1)
Area: UKC - Celtic Sea

Vessel's Local Time:
2022-01-14 10:05 LT UTC

Area: UKC - Celtic Sea

Current Port: -

Latitude / Longitude: 51.3893° / -9.602966° SHOW ON LIVE MAP Current Port; -

Status: Aid to Navigation Latitude / Longitude: 52.05396° / -6.642035° SHOW ON LIVE MAP

Status: Aid to Navigation

Speed/Course:-/ -

—
AlS Source: 5829 ‘:q

Speed/Course; -/ -
AlS Source: 6260

NEARBY VESSELS
NEARS

Weather
Weather

Wind: 18 knots
> Wind direction: SE (158°)

Air Temperature: 9°C

Wind: 13 knots
K Wind direction: NW (300°)

Air Temperature: 7°C

?ad. : fppt.com
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How

*  Problem: Enable multiple AlS stations to communicate autonc

- .
— Stations in-range must send information at different times, so
transmissions do not interfere with each other. '

e AIS solution:

‘-w

— AIS stations are synchronized in time. GPS is used for this. ,ilu_’.'!

— A Frame is 1 minute, each Frame is subd|V|ded into 225 {le
27ms each.

— Each slot is a transmission opportunity. Tranls ission
and MUST end at slot end. —

— Stations monitor transmissions and:rdn-nnf

use for transmission W|thout1 fering \ d"‘ X

— AIS uses a number of te \\ for slc
discuss two of t_hem‘.-, | ‘ -

i
L
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How AIS works = CSTDMA

Carrier Sense Time Division Multiple Access (simplified)
AlS transceivers need to transmit repeatedly, every 2s to 180s (varies)

To transmit, the AIS receiver listens to a full frame, and makes a list of
empty slots in it. It is expected that these slots will also be empty in
the next frame. If no empty slots detected, it waits.

On the next frame, it randomly selects an empty slot in it from the list.
When the slot arrives, It waits for a short period to ensure it is still
empty (‘Carrier Sense’) and, if so, it transmits in that slot.

— If multiple AIS need to transmit, sometimes 2 or more AlS may transmit
simultaneously in the same slot. (Undesirable - Collision).

 If this happens, the signals from each station will interfere with each
other. Many other stations will not be able to receive and decode such
signals, depending on their location relative to the transmitters

* Collisions can be an issue in highly congested areas. (rare)
* AIS transceiver has no means of detecting a collision.
— Subsequent transmissions use the same ‘find an empty slot” method.

Used by basic Transceivers (Class B-SC)



How AIS works il - SOTDMA

Self Organised Time Division Multiple Access (simplified)

An AIS that wants to transmit picks a random empty slot as before, and transmits
in that slot.

— Nothing to prevent 2 or more AIS transmitting simultaneously. (Collision).

BUT!

— SOTDMA message includes a booking for slot(s) in the next frame
* Assuming no collisions, all in-range AlS stations see the booking.
e Further SOTDMA messages will include a further booking as needed.
— Over time, SOTDMA will always beat CSTDMA in congested networks.

* Even if collisions occur some of the time, sooner or later a collision will
not occur, and other stations will see the slot bookings.

— Finally, if no slots are available, SOTDMA will identify the most distant
station from itself and will use slots booked by that station.

* This increases the likelihood that traffic closest to the transmitting station
will see the message, even if more distant stations are lost.

— Used by advanced Transceivers (onshore, Class A, Class B-SO)



60 secs

Slot Reservation

When a free slot has been located
within a frame, the transceiver
reserves the same slot within the
next frame for its following
transmission.

Slot Location

The first ship’s Class A AIS
transceiver locates a free slot and
transmits its positional information
to other AIS-equipped vessels in
the vicinity.

AIS-equipped vessel

‘ [

AlIS-equipped vessel
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Some

 AIS uses 2 VHF channels, for a total of 4

 An AIS station has 2 VHF receivers™ and 1 tra

e The transmitter transmits on each of the 2~ch
alternately. ¢

e Each of the 2 receivers monitor 1 channel c

v.' @“ -'

d

-.-

*Single-receiver AlS units exist. Response time is 50% sIo _
monitor just 1 channel at a time so it takes 2 minu 5 t r )

channels. N
N \“H'
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AIlS tran
[ e | s | e

Communication SOTDMA SOTDMA CSTDMA

transmit power 12.5W 5W 2W
Report interval under e e 5s - 180s, depending on 30 - 180s
way speed
S Basic info +:§¥ance‘j “®8Basic info - MMSI, SOG,Basic info - MMSI, SOG,
L COG, etc COG, etc
cargo, voyage info.
Cost EU2k+ EU700 - 1200 EU500 - 1000

usage Commercial, fishing fishing, leisure fishing, leisure

(f

Class B-SO or B-SC? [ E
— Class B-SO is better — hlgher pOWEF,_SOT A, may
— There are other factors to bear m| 1. More '
— Note: Class B-SO is wort go&(ln  closel |

report interval is reduced as boa .t-‘l‘." ed
-“"“'-—--_4 m
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AlS for s
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General: Skipper decides, SOLAS does not
mandate it

Can be mandated by (for example)
— Racing: WS Offshore special regs
— Cruising: ARC rules

Regardless of mandate, AIS wo
and is important if you are a nr

— Make passages of Io %‘ur
traffic areas Ol‘lt f\\’H i
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Components a ptions

e ..
e Every AlS transceiver MUST have t el
following: -

r_
L
]

— VHF Antenna
* For transmitting and receiving AlIS mess‘ w
— A dedicated GPS antenna. 5
* GPS is used for both Lat/Long nd )

* In practice, an AlS setu&s ra
— Display, preferab w ol "

— Audlble alarrqV \ W -

n‘\‘- ;

Johp Fo rnest KYC



AlS Antenna
* WSO regulations 2020-2021 — boa'llrh

3.29.13 an AIS Transponder which either: B
a) shares the masthead VHF antenna via a low loss AIS antenna splitter,'"_'
b) has a dedicated AIS antenna ... with its base at least 3 m (10") AWL
co-axial feeder cable with not more than 40% power loss

an emergency VHF antenna

* Notes: S
VHF antenna should be as far as possible from vertical metal obje
parallel to it, such as the Mast, other antennas, etc. B

— Min distance between 2 VHF antennas should be 2m. 5m

* Not practical to put 2 x VHF antennas or 3 yacht na
splitter option. z L

VHF splitter allows 2 transmitters to connect ﬂr’o the s
they transmit at different tlmes = A/

Ia ple, so I_
er loss iss

— VHF radios with inbuilt AIS re

We will examine the 409% 0 .\
.f
.,‘;._‘f '

_ John Forrest KYC
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AlS Insta e

O (R

12v-24V VHF radio

/oo _ /@/, J
.

DUARK-ELECD

.

€———-—
VHF
Antenna

AlS transponder

O @

AM/FM radio

e  Splitter operation:
— Normal use: AIS and VHF can both receive
— VHF transmit: AIS is isolated, una \i-. -».4 |t or
— AIS transmit: VHF is |solate u.,!j, O re
— Needs 12V. Some units € 1at M
before you buyI : -

— Someunlts efs )
r_W Of ts A

_-~ 2 ﬁeh@.FofEe;t KY‘: .......
G \nﬁ'




AlIS Antenna share separate:

Dedicated Antenna Shared Antenna, splitter,
3m AWL Masthead, 15m AWL

AIS/VHF performance OK 2x Better
Horizon distance 4nm 8nm
Minimum range, approx 5-7nm+ 15nm+

Approx Cost EU100 EU200
it

e Shared masthead antenna '
— Much better (roughly 2 x range) for both AIS and VHF

— In this case, antenna height is more |mportant“than trans

* Doubling the antenna height W|II roughly double Tx N
VHF. n

. Doublmg the Tx power glves ma)gmeor al 1.4x r
receiver. =

‘7' v

 Best solution is to use shared th ad antenr
— With Emergency anten‘na permaner -_; m

.-"
i i

- A

ey n'.mm-:' .
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AlS Insta

VHF
Antenna

* Simple...but many optlo 1S
— Combined AIS/SletterV Pr
— Wifi option
— Link to existi

— Planning the

e _' fq’h\h‘? Fef':e,gt Kvg
"' .-ﬁ '&Jiﬂrﬁ'.ﬁ--‘ ST fppt.com

p h‘,

. nstr‘&'m nt:




R
AlS installation ning |
* Does the boat have an MMSI? Y
— AIS won’t work without one. 1 x MMSI per boat, D VHF e
the same MMSI. --7_5'

— Related: MMSI can be entered onto AIS just one time.

* Beware of used AlS (or DSC VHF) . MMSI can be changed only by 4
manufacturer/agent. May not be possible on older models? 1
- 3"'

* Will AIS work with existing equipment — check before yo
— Some older displays won’t work with AIS data — theyJ .

NMEA AIS sentences

— Older AlS splitters — some work onIy wn;h AlS rece
work with transceivers

— For instruments - NMEA-0183 (al o Wa ch B
displays), NMEA 2000, other? ;‘ ) A
\ N\ \
* Decide on your exact_:_h"d& N
— AIS only ? Or AIS + VHF? WiFi?
i ~ Pzt !_-':. E

John Forrest, KYC
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e Other considerations

— Locations for: AIS, GPS antenna, emergency antenn '.'__;__
display R

— DC power, fusing, to both AIS and splitter

— Monitoring. The Black Box Problem - How do | know
working? Can | see status LEDs/hear warning be eper,
it have an app | can use for this?

* Ease of use is important '”?
— Your crew/guests etc may need to e 3

emergency R O
— Label cables! Impg-rt'r‘{R e.g., if you |
VHF antenna. N

il [ ‘ - ’ f{i-l.,' E
~ —_

I

~John Forrest, KYC
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.' ! Some AIS features / options
T T S T S |

Class B-CS
Class B- SO

Internal splitter vs separate
splitter

GPS Antenna -
portable, or external fixed

Dual-receiver

WiFi

usB

integrated screen

AlS + VHF

NMEA 0183 baud rate

Audible alarm

AIS receiver-only

internal, external

CSTDMA, 2W
SOTDMA, 5W

Splitter integrated in AIS unit

AIS MUST have dedicated GPS
antenna

Monitor both AIS channels at
the same time

Forwards AlS info to on-board
tablets, phones, etc.

Connect to laptop

Basic. Useful backup to plotter
display.

VHF & AIS in 1 unit. May have a
(basic) display also.

4800 or 38400

Alarm on CPA, TCPA, VSWR,
Anchor dragging, etc.

Receives, does not transmit

L-Lf‘

Good

Better, especially if you are planning to cruise/race in areas with heavy traffic
(Solent, English Channel, etc), OR if you regularly exceed 14 kts

* Advantages: Simpler to install, ‘one less box’, easier to monitor, best VHF
solution.

* If you have an external splitter already there may be no need to replace it .

* Some older splitters are for AIS receivers only. They may not work with AIS
transceivers.

* Whether integrated or separate, how does splitter behave if it fails/power is
lost? Important that VHF is not affected

External fixed antenna offers best performance by a big margin.
Multi-GNSS support is good too — look for at least 2 of GPS(USA), GLONASS(RU),
Galileo(EU), BDS(China)

Single-receiver units exist. Avoid.
Dual receiver is better. Make sure — check the data sheet.

*  Works on Apple/Android with popular Nav. Apps such as Navionics. Check that
it works with your app before you buy.

* Best to have at least 1 wired display, fixed to the boat, powered by boat
battery.

* Wifi device weatherproofing/charging?

Good for firmware updates. Laptop can be used as a chart plotter.
Issues:Laptop robustness? Laptop charging at sea?

Screens generally small and do not have charting capability.

Choice of integrated VHF/AIS is limited.
Some units offer integrated DSC calling — select AlS target & call them on VHF.

Some older plotters are limited to 4800 baud. If you need this feature, check that
the AIS has it. Many/Most NMEA 0183 instruments use 4800 also.

Alarms can be annoying but they are useful too. Lots of options/settings to
prevent the alarm spamming you. Worth having if your display does not have it.

Avoid. Low cost but lower value. Will not meet offshore racing requirements.If
upgrading, from receiver to transceiver, check splitter.




John Forrest, KYC

- -
AlS Alarm

Important alarms & monitoring features

— GPS working/position fix

— Closest point of Approach (CPA)
— Time of CPA (TCPA)

— Anchor drag

— VSWR Warning*

— Monitoring: AIS units offer various apps
which can run on PC or wifi device.

A gl = e
ia il = J\.l.._

Yacht at 5Knts
CPAAlarm set
at INM

Closest Point
of Approach
is 0.91NM

Time to Closest
Point of Approach
is 5 mins

N3
%
Power Boat

at 25Knts

\
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AlS MOB vs PLB

EPIRB - PLB T ..

— Communicates with GMDSS, not with boat -

— Manual activation only. Transmits on 406MHz, signal goes to satellite -> MRCC.
response time will vary. Works worldwide. Includes a short range 121.5MHz beac
SAR team pinpoint casualty location when on site. Most Yachts/other boats can
either 406MHz or 121.5MHz (Lifeboats/rescue helicopters have 121.5MHz) signals.

AlS MOB device o
— Communicates with boat, not with GMDSS
— Manual or automatic activation.

— When activated It ‘gatecrashes’ CS/SO protocols and sends AlS sig al
transmissions per minute, keeps at it for 24 hrs typ. ). AlS- eqmppe
in range. -5

— Good in situations where most likely rescuer.is the sseI the «
- y

— Has unique MMSI, not boat MMSi 0 SAR vill not c

NN /

CQT ne _-‘nﬁ'—

|a_- 'a'.‘
R

PLBs and AIS MOB are jUS 1
practice

John Forrest, KYC
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— Some are fiddly to operate. practice. It may take a vital minute or t

~
Preparation and practice Y
— Unit MUST be tested with the AIS system on the boat Some may
with it.

't

get a GPS signal. Antenna orientation is important. Know I|m|tatm s

I,.

— AIS MOB does not replace usual MOB drills. In fact, it may requw ,.

Deployment: Unit may not deploy!
— Casualty may be unable to deploy i

* SART - Dual EPIRB/AI S units a

above. = e
John Forrest, KYC

changes/enhancements to existing drills. ¥ r.,.;_
™ ),

— Most/All crew should be familiar with AlS/plotter etc usage,
not responsible for navigation.

|

=

Ifo onsciol
cold/shlvermg, or simply unfamiliar w a" it.
activation is not foolproof f;épe d

on |
etc. \! ,\ ,1 -;;* 1 -,
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Some notes o

— WSO regulations 2020-2021 — boat must have

_ WS03.2.9.13.... co-axial feeder cable with not more than

— VHF signal power loss from radio to antenna.

* Energy ‘leaks’ from coaxial cable, joints, and any devices in-line between VHF and anten

S
* Table shows calculated losses from a new antenna system**, 20m coax, with VHF fx_gt .

(dB)

VHF to AIS or splitter  1m coaxial cable 0.16 3.72% 0.9 W 24.1W

AlS internal losses AlS/splitter Upto1.00 20.57% 5.0 W 19.1 W
AlS/Splitter to mast  4m coaxial cable
base 0.66 14.06% 2.7W 16.4 W
Mast base joint Joint at mast base 0.10 2.28% 0.4 W 16.0 W
Mast base to antenna  15m coaxial cable 2.47 43.34% 7.0 W 9.0W
Total power loss 4.39 63.6% 16.0W
Power at Antenna - - 9.0 W

*for details on loss ratings, see e.g. Cort ‘

'UHF' Connector Test Result's.(ha'm;'a'd-'ra."lﬁ'a, check co-ax

John Forrest, KYC ** 20m RG-58 coax (16.45 dB/]
P

L




Improving antenn

* Better cable can help. Performance and rellamWJ
below based on 20m run, as before

Cable type % Loss Power at Theoretical
antenna range
improvement

RG-58
LMR240 52% 12.0 W
LMR400 39% 15.3 W

* Pros & Cons R
* Cost about EU150 for 9 Nesp r |
* better radio perfg . orer ob
— 30% range mc ase -> A»A - :,.

* Better cable are thick er (12m

thr UEN N3 pen ._;;!ﬁi.‘
~John Forrest KYC :
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e Maintain .

* Monitor e
— VHF - radio check with CG or other vessel.

— AIS - on open water you should see targets 10r

— Check VSWR annually,
qtrly/mthly.

_ JohrlForrest KYC

ST T

I,Jd

Visual - All RF joints - VHF, AIS, splitter, GPS, joint at mast base ?
emergency antenna. .A-

Seal/protect exposed joints and chafe points.(Denso tape, hosep
Mast off? Consider replacing antenna/coaxial cable -
VHF & AIS firmware updates. Check annually with manufactH

Interference check. (Recommended by US(;G) Turn al
VHF on. Mute with squelch. Then turn all electrics or

Cork buoy, Old Head, BaIchott 'm-! o!

fﬂ bIe
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