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OnlinE Electronics
Acoustic pinger

Frequency: 8 kHz 
Source level: 184 dB re μPa @ 1m 
Pulse rate: 5 ms ping, every 2 seconds 
Battery life: 3 months
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OnlinE’s	
�    Acoustic	
�    Pig	
�    Signalling	
�    and	
�    Locating	
�    System	
�    enables	
�    
quick	
�    and	
�    accurate	
�    detection	
�     from	
�    either	
�    a	
�    support	
�    vessel	
�    or	
�    
platform.	
�     For	
�     very	
�     accurate	
�     location	
�    OnlinE	
�     provides	
�     ROV	
�     or	
�    
Diver	
�    Operated	
�    solutions.

The	
�    OnlinE	
�    model	
�    2401	
�    is	
�    a	
�    compact	
�    and	
�    lightweight,	
�    yet,	
�    ro-
bust	
�    directional	
�    hydrophone	
�    designed	
�    for	
�    use	
�    on	
�    ROV’s	
�    or	
�    sub-
mersibles.	
�    When	
�    used	
�    in	
�    conjunction	
�    with	
�    a	
�    pinger	
�    and	
�    pinger	
�    
receiver	
�     it	
�     offers	
�    a	
�     cost	
�     effective	
�     solution	
�     to	
�    more	
�    expensive	
�    
navigation	
�    and	
�    tracking	
�    systems.	
�    Model	
�    2001	
�    Acoustic	
�    Pinger	
�    
Receiver	
�    allows	
�    the	
�    operator,	
�    by	
�    listening	
�    to	
�    the	
�    signal	
�    from	
�    the	
�    
directional	
�    hydrophone,	
�    to	
�    quickly	
�    locate	
�    an	
�    acoustic	
�    pinger.

The	
�     2401	
�     hydrophone	
�     is	
�     provided	
�     with	
�     an	
�     underwater	
�     DGO	
�    
connector.	
�     The	
�     signal	
�     is	
�     carried	
�     by	
�     a	
�     co-axial	
�     cable	
�     in	
�     the	
�    
ROV’s	
�    umbilical	
�    which	
�     is	
�    terminated	
�    with	
�    a	
�    BNC	
�    connector	
�    to	
�    
the	
�    surface	
�    pinger	
�    receiver.	
�    The	
�    hydrophone	
�    works	
�    on	
�    a	
�    wide	
�     
frequency	
�    band	
�    and	
�     its	
�     internal	
�     pre-amplifier	
�     receives	
�    power	
�    
from	
�     the	
�    model	
�     2001.	
�    An	
�     interface	
�    assembly	
�     is	
�     available	
�     for	
�    
ROV’s	
�    operating	
�    with	
�    fibre	
�    optic	
�    umbilical.

The	
�    PR1	
�    Diver	
�    Operated	
�    Pinger	
�    Receiver	
�     combines	
�     the	
�    
latest	
�    technology,	
�    versatility,	
�    and	
�    ease	
�    of	
�    use	
�    for	
�    locating	
�    
and	
�     tracking	
�    underwater	
�    pingers.	
�    This	
�    fieldproven	
�    sys-
tem	
�    guides	
�    the	
�    operator	
�    to	
�    pingers	
�    operating	
�    between	
�    3	
�    
and	
�    97	
�    kHz,	
�    while	
�    its	
�    robust	
�    housing	
�    ensures	
�    a	
�    long	
�    life	
�    
in	
�    the	
�    hostile	
�    marine	
�    environment.

The	
�    PR1	
�    is	
�    easy	
�    to	
�    use,	
�    the	
�    operator	
�    selects	
�    the	
�    frequen-
cy	
�    of	
�    the	
�    pinger	
�    to	
�    be	
�    located	
�    and	
�    adjusts	
�    the	
�    sensitivity	
�    
control	
�    to	
�    maximum.	
�    They	
�    then	
�    scan	
�    the	
�    area	
�    by	
�    moving	
�    
the	
�    unit	
�    through	
�    the	
�    water	
�    while	
�    listening	
�    for	
�    the	
�    pinger’s	
�    
signal,	
�    which	
�    is	
�    heard	
�    through	
�    the	
�    earphone	
�    as	
�    an	
�    audi-
ble	
�    ping.	
�    Once	
�    a	
�    signal	
�    is	
�    received	
�    and	
�    its	
�    bearing	
�    deter-
mined,	
�    the	
�    operator	
�    then	
�    moves	
�    in	
�    the	
�    direction	
�    of	
�    the	
�    
strongest	
�    signal,	
�    reducing	
�    the	
�    sensitivity	
�    as	
�    they	
�    move.	
�    
By	
�    continuing	
�    this	
�    process,	
�    the	
�    operator	
�    can	
�    effectively	
�    
determine	
�    the	
�    direction	
�    and	
�    location	
�    of	
�    any	
�    pinger.	
�    The	
�    
earphone	
�    (bone-phone)	
�    is	
�    strapped	
�    to	
�    the	
�    diver	
�    helmet	
�    
so	
�    that	
�    no	
�    connector	
�    penetration	
�    is	
�    required.

The	
�    unit	
�    includes	
�    a	
�    compass,	
�    rechargeable	
�    battery	
�    pack
(with	
�    charger),	
�    bone	
�    conduction	
�    earphone,	
�    and	
�    operation	
�    
manual.	
�    The	
�    PR1	
�    comes	
�    in	
�    a	
�    watertight	
�    carrying	
�    case.

ROV/Submersible Pinger Location Hydrophone
Model No. 2401 Diver Operated Pinger Receiver

Model No. PR 1
Useable frequency range 5	
�    -	
�    80kHz

Frequency Range 3	
�    -	
�    97kHz
Bandwidth	
�    2kHz,	
�    sensitivity	
�    80dBReceiving sensitivity -160dB	
�    ref	
�    1V/µPa	
�    with	
�    pre-amp

Hydrophone
directivity

Typically	
�    30°	
�    between	
�    3dB	
�    limits
Beam width Hor:	
�    30°	
�    to	
�    60°	
�    between	
�    -3dB

limits	
�    at	
�    30kHz,Vert	
�    <90°

Battery type 10.8V	
�    rechargeable	
�    NiCad	
�    battery 
pack3000m 

Battery life 30	
�    hours	
�    between	
�    chargesSupply Voltage 12V

Charger 110	
�    VAC,	
�    220	
�    V	
�    AC
adaptor	
�    supplied

Operating temperature -2°C	
�    to	
�    35°C

Operating depth 200m	
�    (660ft)
Weight (air) 2kg	
�    (4.4lb)

Housing Material PVCDetection range (in water) 10km	
�    at	
�    9kHz

Housing dimensions

Length 305mm	
�    	
�    (12”)
Housing Material

114mm	
�    (4.5”)
Connector assembly Weight air:	
�    3/18kg	
�    (7	
�    lbs),	
�    water:	
�    0.11kg	
�    

(4oz)

Housing dimensions
Length 148mm	
�    (5.8”)
Height 85mm	
�    (3.3”)
Depth 80mm	
�    (3.0”)

ROV Hydrophone
Model No. 2401

148mm (5.8”) 148mm (5.8”)

80
m

m
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”)
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Diver Unit
Model No. PR1

Bulkhead	
�    connector	
�    DG	
�    O’Brien	
�    

1100001-101	
�    

Mating	
�    connector	
�    1101001-101

Operation Depth
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The	
�    2001	
�    Pinger	
�    Receiver	
�    was	
�    designed	
�    to	
�    work	
�    
with	
�    OnlinE	
�    Smart	
�    Pingers	
�    ©	
�    and	
�    is	
�    compatible	
�    
with	
�     most	
�     other	
�     Pinger	
�     manufacturers’	
�     equip-
ment.

At	
�    0.5µ	
�    VRMS	
�    the	
�    unit	
�    is	
�    extremely	
�    sensitive	
�    and	
�    
is	
�    housed	
�    in	
�    a	
�    compact	
�    polypropylene	
�    cabinet.

The	
�     unit	
�     has	
�     built-in	
�     system	
�     test	
�     and	
�     battery	
�    
voltage	
�    is	
�    shown	
�    on	
�    a	
�    signal	
�    strength	
�    meter.	
�    The	
�    
power	
�    source	
�     is	
�    provided	
�    by	
�    8	
�     ‘D’	
�    size	
�    alkaline	
�    
cells.

For	
�    ease	
�    of	
�    deployment	
�    overboard	
�    a	
�    vessel	
�    the	
�    
unit	
�     is	
�     supplied	
�     with	
�     a	
�     hydrophone	
�     assembly	
�    
with	
�    50m	
�    cable.

OnlinE Pinger Receiver Model No. 2001

Excellent	
�    sensitivity

Easy	
�    to	
�    Operate

Speaker	
�    emits	
�    both	
�    signal	
�    and	
�    background	
�    noise
allowing	
�    greater	
�    operator	
�    selectivity

Built	
�    in	
�    system	
�    test.	
�    Displays	
�    battery	
�    voltage	
�    on	
�    a	
�    sig-
nal	
�    strength	
�    meter	
�    and	
�    turns	
�    on	
�    internal	
�    pinging	
�    signal	
�    
source	
�    for	
�    receiver	
�    checkout	
�    and	
�    calibration

Water	
�    tight	
�    floating	
�    plastic	
�    cabinet

Splash	
�    proof	
�    front	
�    panel

Rugged

50m	
�    hydrophone	
�    cable	
�    assembly

100%	
�    electrical	
�    screening

Specifications

Operating frequency 8kHz	
�    to	
�    50kHz

Sensitivity 0.5µ	
�    VRMS

Intermediate
frequency 60kHz

Battery life 150	
�    hours	
�    continuous

Power Source 12V	
�    DC
(8	
�    ‘D’	
�    size	
�    Alkaline	
�    cells)

Dimensions
Height 241mm	
�    (9.5”)
Width 267mm	
�    (10.5”)
Depth 178mm	
�    (7”)
Weight 4.5kgs	
�    (10lbs)

Cabinet material Polypropylene

Included with 
the receiver

50m	
�    hydrophone	
�    cable	
�    
assembly
Headset
Manual	
�    and	
�    Batteries
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OnlinE	
�    Smart	
�    Pingers	
�    ©	
�    and	
�   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and	
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is	
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in	
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 has	
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 built-in	
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 system	
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 and	
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 battery	
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on	
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strength	
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The	
�   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 is	
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by	
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 ‘D’	
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size	
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alkaline	
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For	
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ease	
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of	
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overboard	
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the	
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unit	
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 is	
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 supplied	
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 with	
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 a	
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 hydrophone	
�     assembly	
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with	
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to	
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and	
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Built	
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on	
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and	
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turns	
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for	
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and	
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tight	
�    floating	
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plastic	
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proof	
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front	
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was	
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 most	
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ment.

At	
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0.5µ	
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VRMS	
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the	
�    unit	
�    is	
�    extremely	
�    sensitive	
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and	
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is	
�    housed	
�    in	
�    a	
�    compact	
�    polypropylene	
�    cabinet.

The	
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 unit	
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 has	
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 built-in	
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 system	
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 test	
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 and	
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is	
�    shown	
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on	
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strength	
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meter.	
�    The	
�    
power	
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 is	
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provided	
�    by	
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�     ‘D’	
�    size	
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alkaline	
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ease	
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of	
�    deployment	
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overboard	
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vessel	
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the	
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 is	
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 supplied	
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 with	
�     a	
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 hydrophone	
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 assembly	
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with	
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Easy	
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to	
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Operate
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both	
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and	
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background	
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noise
allowing	
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greater	
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�    in	
�    system	
�    test.	
�    Displays	
�   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strength	
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and	
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for	
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and	
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tight	
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floating	
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plastic	
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proof	
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front	
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screening
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size	
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PVC

Diameter

OnlinE’s	
�    Acoustic	
�    Pig	
�    Signalling	
�    and	
�    Locating	
�    System	
�    enables	
�    
quick	
�    and	
�    accurate	
�    detection	
�     from	
�    either	
�    a	
�    support	
�    vessel	
�    or	
�    
platform.	
�     For	
�     very	
�     accurate	
�     location	
�    OnlinE	
�     provides	
�     ROV	
�     or	
�    
Diver	
�    Operated	
�    solutions.

The	
�    OnlinE	
�    model	
�    2401	
�    is	
�    a	
�    compact	
�    and	
�    lightweight,	
�    yet,	
�    ro-
bust	
�    directional	
�    hydrophone	
�    designed	
�    for	
�    use	
�    on	
�    ROV’s	
�    or	
�    sub-
mersibles.	
�    When	
�    used	
�    in	
�    conjunction	
�    with	
�    a	
�    pinger	
�    and	
�    pinger	
�    
receiver	
�     it	
�     offers	
�    a	
�     cost	
�     effective	
�     solution	
�     to	
�    more	
�    expensive	
�    
navigation	
�    and	
�    tracking	
�    systems.	
�    Model	
�    2001	
�    Acoustic	
�    Pinger	
�    
Receiver	
�    allows	
�    the	
�    operator,	
�    by	
�    listening	
�    to	
�    the	
�    signal	
�    from	
�    the	
�    
directional	
�    hydrophone,	
�    to	
�    quickly	
�    locate	
�    an	
�    acoustic	
�    pinger.

The	
�     2401	
�     hydrophone	
�     is	
�     provided	
�     with	
�     an	
�     underwater	
�     DGO	
�    
connector.	
�     The	
�     signal	
�     is	
�     carried	
�     by	
�     a	
�     co-axial	
�     cable	
�     in	
�     the	
�    
ROV’s	
�    umbilical	
�    which	
�     is	
�    terminated	
�    with	
�    a	
�    BNC	
�    connector	
�    to	
�    
the	
�    surface	
�    pinger	
�    receiver.	
�    The	
�    hydrophone	
�    works	
�    on	
�    a	
�    wide	
�     
frequency	
�    band	
�    and	
�     its	
�     internal	
�     pre-amplifier	
�     receives	
�    power	
�    
from	
�     the	
�    model	
�     2001.	
�    An	
�     interface	
�    assembly	
�     is	
�     available	
�     for	
�    
ROV’s	
�    operating	
�    with	
�    fibre	
�    optic	
�    umbilical.

The	
�    PR1	
�    Diver	
�    Operated	
�    Pinger	
�    Receiver	
�     combines	
�     the	
�    
latest	
�    technology,	
�    versatility,	
�    and	
�    ease	
�    of	
�    use	
�    for	
�    locating	
�    
and	
�     tracking	
�    underwater	
�    pingers.	
�    This	
�    fieldproven	
�    sys-
tem	
�    guides	
�    the	
�    operator	
�    to	
�    pingers	
�    operating	
�    between	
�    3	
�    
and	
�    97	
�    kHz,	
�    while	
�    its	
�    robust	
�    housing	
�    ensures	
�    a	
�    long	
�    life	
�    
in	
�    the	
�    hostile	
�    marine	
�    environment.

The	
�    PR1	
�    is	
�    easy	
�    to	
�    use,	
�    the	
�    operator	
�    selects	
�    the	
�    frequen-
cy	
�    of	
�    the	
�    pinger	
�    to	
�    be	
�    located	
�    and	
�    adjusts	
�    the	
�    sensitivity	
�    
control	
�    to	
�    maximum.	
�    They	
�    then	
�    scan	
�    the	
�    area	
�    by	
�    moving	
�    
the	
�    unit	
�    through	
�    the	
�    water	
�    while	
�    listening	
�    for	
�    the	
�    pinger’s	
�    
signal,	
�    which	
�    is	
�    heard	
�    through	
�    the	
�    earphone	
�    as	
�    an	
�    audi-
ble	
�    ping.	
�    Once	
�    a	
�    signal	
�    is	
�    received	
�    and	
�    its	
�    bearing	
�    deter-
mined,	
�    the	
�    operator	
�    then	
�    moves	
�    in	
�    the	
�    direction	
�    of	
�    the	
�    
strongest	
�    signal,	
�    reducing	
�    the	
�    sensitivity	
�    as	
�    they	
�    move.	
�    
By	
�    continuing	
�    this	
�    process,	
�    the	
�    operator	
�    can	
�    effectively	
�    
determine	
�    the	
�    direction	
�    and	
�    location	
�    of	
�    any	
�    pinger.	
�    The	
�    
earphone	
�    (bone-phone)	
�    is	
�    strapped	
�    to	
�    the	
�    diver	
�    helmet	
�    
so	
�    that	
�    no	
�    connector	
�    penetration	
�    is	
�    required.

The	
�    unit	
�    includes	
�    a	
�    compass,	
�    rechargeable	
�    battery	
�    pack
(with	
�    charger),	
�    bone	
�    conduction	
�    earphone,	
�    and	
�    operation	
�    
manual.	
�    The	
�    PR1	
�    comes	
�    in	
�    a	
�    watertight	
�    carrying	
�    case.

ROV/Submersible Pinger Location Hydrophone
Model No. 2401 Diver Operated Pinger Receiver

Model No. PR 1
Useable frequency range 5	
�    -	
�    80kHz

Frequency Range 3	
�    -	
�    97kHz
Bandwidth	
�    2kHz,	
�    sensitivity	
�    80dBReceiving sensitivity -160dB	
�    ref	
�    1V/µPa	
�    with	
�    pre-amp

Hydrophone
directivity

Typically	
�    30°	
�    between	
�    3dB	
�    limits
Beam width Hor:	
�    30°	
�    to	
�    60°	
�    between	
�    -3dB

limits	
�    at	
�    30kHz,Vert	
�    <90°

Battery type 10.8V	
�    rechargeable	
�    NiCad	
�    battery 
pack3000m 

Battery life 30	
�    hours	
�    between	
�    chargesSupply Voltage 12V

Charger 110	
�    VAC,	
�    220	
�    V	
�    AC
adaptor	
�    supplied

Operating temperature -2°C	
�    to	
�    35°C

Operating depth 200m	
�    (660ft)
Weight (air) 2kg	
�    (4.4lb)

Housing Material PVCDetection range (in water) 10km	
�    at	
�    9kHz

Housing dimensions

Length 305mm	
�    	
�    (12”)
Housing Material

114mm	
�    (4.5”)
Connector assembly Weight air:	
�    3/18kg	
�    (7	
�    lbs),	
�    water:	
�    0.11kg	
�    

(4oz)

Housing dimensions
Length 148mm	
�    (5.8”)
Height 85mm	
�    (3.3”)
Depth 80mm	
�    (3.0”)

ROV Hydrophone
Model No. 2401

148mm (5.8”) 148mm (5.8”)
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Diver Unit
Model No. PR1

Bulkhead	
�    connector	
�    DG	
�    O’Brien	
�    

1100001-101	
�    

Mating	
�    connector	
�    1101001-101

Operation Depth

Search Operations



A week later… 

No success!



Challenges
• Complex acoustic propagation environment



Challenges
• Complex acoustic propagation environment 

• Strong currents: 
• Pinger location may change  
• Difficult boat operations 
• Limited dive window 

• Soft sediment (possible burial) 

• Poor underwater visibility for 
search operations



AquaHead
Pack, Potter, Herman, Hoffmann-Kuhnt, Deakos, “Determining Source Levels Sound Fields and Body 
Sizes of Singing Humpback Whales (Megaptera novaeangliae) in the Hawaiian Winter Ground”, 2003.

Manual system



Automated Localization System

Compass + GPS
Audio 
signalStereo hi-res

soundcard

Laptop
with 

processing 
software 

(MATLAB)

Hydrophone pair



ULB-Tracker

Connected to in-water unit.  42 pings acquired.

File        Edit       View       In-water unit      Navigation      Help

Compass

20°

GPS

35.993 N
121.215 W

Acoustics

TDoA: 71µs
Bearing: 80°
Signal: 132dB

Ambiguity
560m x 50m

Guidance

30°

Concept Illustration

Automated Localization System



ULB-Tracker

Connected to in-water unit.  69 pings acquired.

File        Edit       View       In-water unit      Navigation      Help

Compass

332°

GPS

36.023 N
121.055 W

Acoustics

TDoA: 32µs
Bearing: 213°
Signal: 121dB

Ambiguity
32m x 17m

Guidance

120°

Concept Illustration

Automated Localization System



ULB-Tracker

Connected to in-water unit.  88 pings acquired.

File        Edit       View       In-water unit      Navigation      Help

Compass

160°

GPS

35.803 N
120.932 W

Acoustics

TDoA: 15µs
Bearing: 287°
Signal: 93dB

Ambiguity
8m x 12m

Guidance

260°

Concept Illustration

Automated Localization System



OnlinE acoustic pinger
receiver system2

Online Electronics Ltd
Online House
266, Auchmill Road
Aberdeen, AB21 9NB
Scotland, United Kingdom
Tel: 0044-1224-714714
Fax:0044-1224-710101
email: info@online-electronics.com
www.online-electronics.com FM 515969

ISO 9001:2000

PVC

Diameter

OnlinE’s	
�    Acoustic	
�    Pig	
�    Signalling	
�    and	
�    Locating	
�    System	
�    enables	
�    
quick	
�    and	
�    accurate	
�    detection	
�     from	
�    either	
�    a	
�    support	
�    vessel	
�    or	
�    
platform.	
�     For	
�     very	
�     accurate	
�     location	
�    OnlinE	
�     provides	
�     ROV	
�     or	
�    
Diver	
�    Operated	
�    solutions.

The	
�    OnlinE	
�    model	
�    2401	
�    is	
�    a	
�    compact	
�    and	
�    lightweight,	
�    yet,	
�    ro-
bust	
�    directional	
�    hydrophone	
�    designed	
�    for	
�    use	
�    on	
�    ROV’s	
�    or	
�    sub-
mersibles.	
�    When	
�    used	
�    in	
�    conjunction	
�    with	
�    a	
�    pinger	
�    and	
�    pinger	
�    
receiver	
�     it	
�     offers	
�    a	
�     cost	
�     effective	
�     solution	
�     to	
�    more	
�    expensive	
�    
navigation	
�    and	
�    tracking	
�    systems.	
�    Model	
�    2001	
�    Acoustic	
�    Pinger	
�    
Receiver	
�    allows	
�    the	
�    operator,	
�    by	
�    listening	
�    to	
�    the	
�    signal	
�    from	
�    the	
�    
directional	
�    hydrophone,	
�    to	
�    quickly	
�    locate	
�    an	
�    acoustic	
�    pinger.

The	
�     2401	
�     hydrophone	
�     is	
�     provided	
�     with	
�     an	
�     underwater	
�     DGO	
�    
connector.	
�     The	
�     signal	
�     is	
�     carried	
�     by	
�     a	
�     co-axial	
�     cable	
�     in	
�     the	
�    
ROV’s	
�    umbilical	
�    which	
�     is	
�    terminated	
�    with	
�    a	
�    BNC	
�    connector	
�    to	
�    
the	
�    surface	
�    pinger	
�    receiver.	
�    The	
�    hydrophone	
�    works	
�    on	
�    a	
�    wide	
�     
frequency	
�    band	
�    and	
�     its	
�     internal	
�     pre-amplifier	
�     receives	
�    power	
�    
from	
�     the	
�    model	
�     2001.	
�    An	
�     interface	
�    assembly	
�     is	
�     available	
�     for	
�    
ROV’s	
�    operating	
�    with	
�    fibre	
�    optic	
�    umbilical.

The	
�    PR1	
�    Diver	
�    Operated	
�    Pinger	
�    Receiver	
�     combines	
�     the	
�    
latest	
�    technology,	
�    versatility,	
�    and	
�    ease	
�    of	
�    use	
�    for	
�    locating	
�    
and	
�     tracking	
�    underwater	
�    pingers.	
�    This	
�    fieldproven	
�    sys-
tem	
�    guides	
�    the	
�    operator	
�    to	
�    pingers	
�    operating	
�    between	
�    3	
�    
and	
�    97	
�    kHz,	
�    while	
�    its	
�    robust	
�    housing	
�    ensures	
�    a	
�    long	
�    life	
�    
in	
�    the	
�    hostile	
�    marine	
�    environment.

The	
�    PR1	
�    is	
�    easy	
�    to	
�    use,	
�    the	
�    operator	
�    selects	
�    the	
�    frequen-
cy	
�    of	
�    the	
�    pinger	
�    to	
�    be	
�    located	
�    and	
�    adjusts	
�    the	
�    sensitivity	
�    
control	
�    to	
�    maximum.	
�    They	
�    then	
�    scan	
�    the	
�    area	
�    by	
�    moving	
�    
the	
�    unit	
�    through	
�    the	
�    water	
�    while	
�    listening	
�    for	
�    the	
�    pinger’s	
�    
signal,	
�    which	
�    is	
�    heard	
�    through	
�    the	
�    earphone	
�    as	
�    an	
�    audi-
ble	
�    ping.	
�    Once	
�    a	
�    signal	
�    is	
�    received	
�    and	
�    its	
�    bearing	
�    deter-
mined,	
�    the	
�    operator	
�    then	
�    moves	
�    in	
�    the	
�    direction	
�    of	
�    the	
�    
strongest	
�    signal,	
�    reducing	
�    the	
�    sensitivity	
�    as	
�    they	
�    move.	
�    
By	
�    continuing	
�    this	
�    process,	
�    the	
�    operator	
�    can	
�    effectively	
�    
determine	
�    the	
�    direction	
�    and	
�    location	
�    of	
�    any	
�    pinger.	
�    The	
�    
earphone	
�    (bone-phone)	
�    is	
�    strapped	
�    to	
�    the	
�    diver	
�    helmet	
�    
so	
�    that	
�    no	
�    connector	
�    penetration	
�    is	
�    required.

The	
�    unit	
�    includes	
�    a	
�    compass,	
�    rechargeable	
�    battery	
�    pack
(with	
�    charger),	
�    bone	
�    conduction	
�    earphone,	
�    and	
�    operation	
�    
manual.	
�    The	
�    PR1	
�    comes	
�    in	
�    a	
�    watertight	
�    carrying	
�    case.

ROV/Submersible Pinger Location Hydrophone
Model No. 2401 Diver Operated Pinger Receiver

Model No. PR 1
Useable frequency range 5	
�    -	
�    80kHz

Frequency Range 3	
�    -	
�    97kHz
Bandwidth	
�    2kHz,	
�    sensitivity	
�    80dBReceiving sensitivity -160dB	
�    ref	
�    1V/µPa	
�    with	
�    pre-amp

Hydrophone
directivity

Typically	
�    30°	
�    between	
�    3dB	
�    limits
Beam width Hor:	
�    30°	
�    to	
�    60°	
�    between	
�    -3dB

limits	
�    at	
�    30kHz,Vert	
�    <90°

Battery type 10.8V	
�    rechargeable	
�    NiCad	
�    battery 
pack3000m 

Battery life 30	
�    hours	
�    between	
�    chargesSupply Voltage 12V

Charger 110	
�    VAC,	
�    220	
�    V	
�    AC
adaptor	
�    supplied

Operating temperature -2°C	
�    to	
�    35°C

Operating depth 200m	
�    (660ft)
Weight (air) 2kg	
�    (4.4lb)

Housing Material PVCDetection range (in water) 10km	
�    at	
�    9kHz

Housing dimensions

Length 305mm	
�    	
�    (12”)
Housing Material

114mm	
�    (4.5”)
Connector assembly Weight air:	
�    3/18kg	
�    (7	
�    lbs),	
�    water:	
�    0.11kg	
�    

(4oz)

Housing dimensions
Length 148mm	
�    (5.8”)
Height 85mm	
�    (3.3”)
Depth 80mm	
�    (3.0”)

ROV Hydrophone
Model No. 2401

148mm (5.8”) 148mm (5.8”)

80
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m
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85
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)

Diver Unit
Model No. PR1

Bulkhead	
�    connector	
�    DG	
�    O’Brien	
�    

1100001-101	
�    

Mating	
�    connector	
�    1101001-101

Operation Depth

Diver-held Directional Dish 
for enhanced underwater direction-finding



Another week later…





Success!
OnlinE acoustic pinger
receiver system2

Online Electronics Ltd
Online House
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Fax:0044-1224-710101
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PVC

Diameter

OnlinE’s	
�    Acoustic	
�    Pig	
�    Signalling	
�    and	
�    Locating	
�    System	
�    enables	
�    
quick	
�    and	
�    accurate	
�    detection	
�     from	
�    either	
�    a	
�    support	
�    vessel	
�    or	
�    
platform.	
�     For	
�     very	
�     accurate	
�     location	
�    OnlinE	
�     provides	
�     ROV	
�     or	
�    
Diver	
�    Operated	
�    solutions.

The	
�    OnlinE	
�    model	
�    2401	
�    is	
�    a	
�    compact	
�    and	
�    lightweight,	
�    yet,	
�    ro-
bust	
�    directional	
�    hydrophone	
�    designed	
�    for	
�    use	
�    on	
�    ROV’s	
�    or	
�    sub-
mersibles.	
�    When	
�    used	
�    in	
�    conjunction	
�    with	
�    a	
�    pinger	
�    and	
�    pinger	
�    
receiver	
�     it	
�     offers	
�    a	
�     cost	
�     effective	
�     solution	
�     to	
�    more	
�    expensive	
�    
navigation	
�    and	
�    tracking	
�    systems.	
�    Model	
�    2001	
�    Acoustic	
�    Pinger	
�    
Receiver	
�    allows	
�    the	
�    operator,	
�    by	
�    listening	
�    to	
�    the	
�    signal	
�    from	
�    the	
�    
directional	
�    hydrophone,	
�    to	
�    quickly	
�    locate	
�    an	
�    acoustic	
�    pinger.

The	
�     2401	
�     hydrophone	
�     is	
�     provided	
�     with	
�     an	
�     underwater	
�     DGO	
�    
connector.	
�     The	
�     signal	
�     is	
�     carried	
�     by	
�     a	
�     co-axial	
�     cable	
�     in	
�     the	
�    
ROV’s	
�    umbilical	
�    which	
�     is	
�    terminated	
�    with	
�    a	
�    BNC	
�    connector	
�    to	
�    
the	
�    surface	
�    pinger	
�    receiver.	
�    The	
�    hydrophone	
�    works	
�    on	
�    a	
�    wide	
�     
frequency	
�    band	
�    and	
�     its	
�     internal	
�     pre-amplifier	
�     receives	
�    power	
�    
from	
�     the	
�    model	
�     2001.	
�    An	
�     interface	
�    assembly	
�     is	
�     available	
�     for	
�    
ROV’s	
�    operating	
�    with	
�    fibre	
�    optic	
�    umbilical.

The	
�    PR1	
�    Diver	
�    Operated	
�    Pinger	
�    Receiver	
�     combines	
�     the	
�    
latest	
�    technology,	
�    versatility,	
�    and	
�    ease	
�    of	
�    use	
�    for	
�    locating	
�    
and	
�     tracking	
�    underwater	
�    pingers.	
�    This	
�    fieldproven	
�    sys-
tem	
�    guides	
�    the	
�    operator	
�    to	
�    pingers	
�    operating	
�    between	
�    3	
�    
and	
�    97	
�    kHz,	
�    while	
�    its	
�    robust	
�    housing	
�    ensures	
�    a	
�    long	
�    life	
�    
in	
�    the	
�    hostile	
�    marine	
�    environment.

The	
�    PR1	
�    is	
�    easy	
�    to	
�    use,	
�    the	
�    operator	
�    selects	
�    the	
�    frequen-
cy	
�    of	
�    the	
�    pinger	
�    to	
�    be	
�    located	
�    and	
�    adjusts	
�    the	
�    sensitivity	
�    
control	
�    to	
�    maximum.	
�    They	
�    then	
�    scan	
�    the	
�    area	
�    by	
�    moving	
�    
the	
�    unit	
�    through	
�    the	
�    water	
�    while	
�    listening	
�    for	
�    the	
�    pinger’s	
�    
signal,	
�    which	
�    is	
�    heard	
�    through	
�    the	
�    earphone	
�    as	
�    an	
�    audi-
ble	
�    ping.	
�    Once	
�    a	
�    signal	
�    is	
�    received	
�    and	
�    its	
�    bearing	
�    deter-
mined,	
�    the	
�    operator	
�    then	
�    moves	
�    in	
�    the	
�    direction	
�    of	
�    the	
�    
strongest	
�    signal,	
�    reducing	
�    the	
�    sensitivity	
�    as	
�    they	
�    move.	
�    
By	
�    continuing	
�    this	
�    process,	
�    the	
�    operator	
�    can	
�    effectively	
�    
determine	
�    the	
�    direction	
�    and	
�    location	
�    of	
�    any	
�    pinger.	
�    The	
�    
earphone	
�    (bone-phone)	
�    is	
�    strapped	
�    to	
�    the	
�    diver	
�    helmet	
�    
so	
�    that	
�    no	
�    connector	
�    penetration	
�    is	
�    required.

The	
�    unit	
�    includes	
�    a	
�    compass,	
�    rechargeable	
�    battery	
�    pack
(with	
�    charger),	
�    bone	
�    conduction	
�    earphone,	
�    and	
�    operation	
�    
manual.	
�    The	
�    PR1	
�    comes	
�    in	
�    a	
�    watertight	
�    carrying	
�    case.

ROV/Submersible Pinger Location Hydrophone
Model No. 2401 Diver Operated Pinger Receiver

Model No. PR 1
Useable frequency range 5	
�    -	
�    80kHz

Frequency Range 3	
�    -	
�    97kHz
Bandwidth	
�    2kHz,	
�    sensitivity	
�    80dBReceiving sensitivity -160dB	
�    ref	
�    1V/µPa	
�    with	
�    pre-amp

Hydrophone
directivity

Typically	
�    30°	
�    between	
�    3dB	
�    limits
Beam width Hor:	
�    30°	
�    to	
�    60°	
�    between	
�    -3dB

limits	
�    at	
�    30kHz,Vert	
�    <90°

Battery type 10.8V	
�    rechargeable	
�    NiCad	
�    battery 
pack3000m 

Battery life 30	
�    hours	
�    between	
�    chargesSupply Voltage 12V

Charger 110	
�    VAC,	
�    220	
�    V	
�    AC
adaptor	
�    supplied

Operating temperature -2°C	
�    to	
�    35°C

Operating depth 200m	
�    (660ft)
Weight (air) 2kg	
�    (4.4lb)

Housing Material PVCDetection range (in water) 10km	
�    at	
�    9kHz

Housing dimensions

Length 305mm	
�    	
�    (12”)
Housing Material

114mm	
�    (4.5”)
Connector assembly Weight air:	
�    3/18kg	
�    (7	
�    lbs),	
�    water:	
�    0.11kg	
�    

(4oz)

Housing dimensions
Length 148mm	
�    (5.8”)
Height 85mm	
�    (3.3”)
Depth 80mm	
�    (3.0”)

ROV Hydrophone
Model No. 2401

148mm (5.8”) 148mm (5.8”)

80
m

m
(3

.0
”)

85
m

m
 (

3.
3”

)

Diver Unit
Model No. PR1

Bulkhead	
�    connector	
�    DG	
�    O’Brien	
�    

1100001-101	
�    

Mating	
�    connector	
�    1101001-101

Operation Depth



2 years later…
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• The larvae of most coral reef fish develop at 
sea for weeks to months before settling back 
to reefs as juveniles 

• Although larvae have the potential to disperse 
great distances, a substantial portion recruit 
back to their natal reefs 

• Larvae are not passively dispersed but 
develop a high level of swimming 
competence 

• Recruits respond actively to reef sounds
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Figure reproduced from:

Homeward Sound
Stephen D. Simpson,1 * Mark Meekan,2 John Montgomery,3

Rob McCauley,4 Andrew Jeffs5

Most reef populations are replenished with
recruits that settle out from an initially pelagic
existence. The larvae of nearly all coral reef
fish develop at sea for weeks to months before
settling back to reefs as juveniles. Although
larvae have the potential to disperse great
distances, recent studies show a substantial
portion recruit back to their natal reefs (1, 2).
Larvae are not passively dispersed but develop
a high level of swimming competence (3).
How they use these capabilities to influence
their dispersal is an open question. We show
here that recruits respond actively to reef
sounds, potentially providing a valuable man-
agement tool for the future.

Since the discovery that reef fish larvae are
accomplished swimmers, focus has shifted to
identifying cues that may influence their ori-
entation. Sound has emerged as a leading
candidate, because it travels in water irrespective
of current flowwith little attenuation and because
fish and invertebrates create a clamour that can be
heard for many kilometers around (4). We have
previously shown the attraction of settlement-
stage reef fishes from many families to reef
noise, using light traps and prerecorded sound
(5). Here we provide direct evidence that sound
enhances settlement of fish onto patch reefs.

We used two experiments to study settlement
behavior in the presence of recorded reef sounds
(6). In November 2003, we built 24 patch reefs
from dead coral rubble on sand flats in 3- to 6-
m-deep water at Lizard Island on the Great
Barrier Reef (fig. S1). For six nights, we de-
ployed submersible speakers broadcasting reef
noise (at 156 dB relative to 1 mPa at 1 m, mostly
the sound of snapping shrimp and fish calls) on
12 of these patch reefs, alternating the location
of the speakers each night. Most settlement
occurs at night, so recruiting fish were collected
from the patch reefs early the following
mornings. Of the 868 recruits we collected,
most were apogonids (or cardinalfish, 80%) or
pomacentrids (or damselfish, 15%). These two
families are key members of coral reef fish
assemblages around the world: The apogonids
contribute up to one quarter of all individuals on
reefs and the pomacentrids up to half of the total
fish biomass (7). Analyses showed no site or
date effects in our data, but both families settled
in greater numbers on noisy patch reefs than on
silent reefs (Fig. 1A). A preference for noisy
patch reefs was also seen in less common fishes,
with marginally more taxa (excluding apogonids
and pomacentrids) on patch reefs with broadcast
noise than on reefs without (Fig. 1B).

In December 2003, the experimental field
site was used to compare the settlement of fishes
to patch reefs where we broadcast primarily the
high frequencies of reef noise (80% 9 570 Hz,
predominantly shrimp) or low frequencies of reef
noise (80% G 570 Hz, predominantly fish) with
settlement to silent reefs. This time, nearly four
times as many recruits arrived (3111 fish), but
the taxonomic composition was similar. Apogo-
nids settled on high- and low-frequency patch
reefs in equivalent numbers, but pomacentrids
were preferentially attracted to reefs with high-
frequency noise (Fig. 1C). Again, reefs without
sound received less settlement from rarer taxa
than reefs with broadcast sound (Fig. 1D).

This study provides direct field evidence that
settling reef fishes use sounds to orientate
toward and select reefs. Furthermore, there is
an indication that some fish groups may be se-
lectively using specific components of the reef
sound to guide their settlement behavior. The
important use of sound at this critical life history
phase raises the possibility of potential adverse
effects of increasing anthropogenic noise pollu-
tion (e.g., shipping and drilling), but it may also
lead to the development of new tools for
fisheries managers for restocking fisheries or
newly established marine reserves.

References and Notes
1. S. E. Swearer, J. E. Caselle, D. W. Lea, R. R. Warner,

Nature 402, 799 (1999).
2. G. P. Jones, M. J. Milicich, M. J. Emslie, C. Lunow,

Nature 402, 802 (1999).
3. I. C. Stobutzki, D. R. Bellwood, Mar. Ecol. Prog. Ser.

149, 35 (1997).
4. R. D. McCauley, D. H. Cato, Philos. Trans. R. Soc.

London Ser. B 355, 1289 (2000).
5. S. D. Simpson, M. G. Meekan, R. D. McCauley, A. Jeffs,

Mar. Ecol. Prog. Ser. 276, 263 (2004).
6. Materials and methods are available as supporting

material on Science Online.
7. J. L. Ackerman, D. R. Bellwood, Mar. Ecol. Prog. Ser.

206, 227 (2000).
8. We thank the staff at Lizard Island Research Station for

logistic support. Supported by the British Ecological
Society and the Fisheries Society of the British Isles
(S.S.), the Marsden Fund of New Zealand, and the
Australian Institute of Marine Science.

Supporting Online Material
www.sciencemag.org/cgi/content/full/308/5719/221/
DC1
Materials and Methods
Fig. S1
Tables S1 to S3

11 November 2004; accepted 24 February 2005
10.1126/science.1107406

BREVIA

1School of Biological Sciences, University of Edinburgh,
Edinburgh, EH9 3JT, UK. 2Australian Institute of Marine
Science, Post Office Box 40197, Casuarina, Darwin, NT
8010, Australia. 3Leigh Marine Laboratory, University of
Auckland, Private Bag 92019, Auckland, NZ. 4Centre for
Marine Science and Technology, Curtin University, GPO
Box U 1987, Perth 6845, Australia. 5National Institute
of Water and Atmospheric Research, Ltd., Post Office
Box 109-695, Newmarket, Auckland, NZ.

*To whom correspondence should be addressed.
E-mail: s.simpson@ed.ac.uk

D

BA

C

0

1

2

Family Species

 ms 

0

5

10

15

20

Apogonidae Pomacentridae

0

20

40

60

80

Apogonidae Pomacentridae
0

1

2

3

Family Species

ms
M

ea
n 

nu
m

be
r o

f r
ec

ru
its

pe
r r

ep
lic

at
e

M
ea

n 
nu

m
be

r o
f r

ec
ru

its
pe

r r
ep

lic
at

e

M
ea

n 
nu

m
be

r o
f t

ax
a

pe
r r

ep
lic

at
e

M
ea

n 
nu

m
be

r o
f t

ax
a

pe
r r

ep
lic

at
e

Fig. 1. Comparison of catches from patch reefs with different sound treatments (tables S1 to S3). (A and
B) Reefs broadcasting reef noise (black) or silent reefs (white). (C and D) Reefs with high-frequency
(black) or low-frequency (gray) reef noise or silent reefs (white). Statistical results are for (A) Chi-
squared analyses, (B) Wilcoxon’s matched pairs test, (C) pairwise Chi-squared analyses with Bonferroni
corrections, and (D) pairwise Wilcoxon’s matched pairs test with Bonferroni corrections (ms, P G 0.1; *,
P G 0.05; **, P G 0.01). All apogonids and pomacentrids were excluded from the analyses in (B) and (D).
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Today…



• Underwater sound source localization


• Sound intensity measurements using single hydrophone 
on an AUV


• Known environment


• Adaptive path planning to find source quickly

Problem Statement



Matched Field Processing
Transmission Loss dB

Source Location
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Informative Path Planning

wi+1 = arg max
w2A(wi)

H [g(z|w, x)f(x|Yi)]
<latexit sha1_base64="1yA9ve+cSpIXK5p+fTaOyKGc/m0="></latexit>
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Results



• 3D model


• Sensitivity analysis to environmental knowledge


• Experimental demonstration

Next steps…




