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Moti

St ti R hStarting Research
− Had not examined issue

Good for proposalsGood for proposals
− Can’t do anything witho

Interested in ResultsInterested in Results

April 23, 2007 Acoustic
Ballard

ivation

e before

out money

c Comms
d Blair

3



Acoustic Co

D f t t d dDe facto standard
− Appropriate size, power
− Question not formally st

Large Knowledge Base
− Acoustics channel well 
− DoD funding
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Alternatives – Ra

PPros
− Same as terrestrial wire
− “Low” power

ConsCons
− High attenuation in shor

N tNotes
− Argument in literature a
− Commercial systems av
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Alternatives – Lo

PPros
− Travels through water
− Successfully tested and use

Cons
− Massive antennas needed f
− Band owned by military
− Not practical for small vehic

Notes
− Al-Shamma’a, IEEE Trans on An
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cles / two way comms
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Alternatives –

ProsPros
− High data rates (kbps-Mbps)
− Low powerLow power

Cons
− Distance limited due to attenuatio
− Narrow bandwidth of light
− Cloudy water / fish / Line of sight

P i ti d t ki− Pointing and tracking

Notes
WHOI working on laser modem (− WHOI working on laser modem (

− MIT some success with combined
− Application Specific
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Alternativ

PPros
− Not much environmenta
− High data rates
− ReliableReliable

Cons
E i t d l /− Expensive to deploy/rec

− Not mobile
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Alternativ

M ti Fi ld CMagnetic Field Commu
− Still in development (Ca
− Short range communica

Other alternatives?
Alt ti t h l− Alternative technology m
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Acoustics is

Fairly low powerFairly low power
− ~10-100W Tx 
− ~100 mW Rx100 mW Rx

Well studied
− Cold war military funding

Compact
− Small amount of hardware n

Current Best Solution
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AComms Prob

Channel TrackingChannel Tracking
− Complex, random channel
− Necessary for reliable communic

Bandwidth
− Distance Dependant

Band limited and ide band− Band-limited and wide-band
Speed of Sound / Propagation 
− Shadow Zones

Attenuation
Noise
− Natural and man-made sources
− Bubbles
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Acoustic Focusing
Time-Varying Channel Impulse Response
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Dynamics of the first surface scattered arrival
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Bubble Clou
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Attenuation of S

Schmidt C
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Acomms Problems 

P ti f dPropagation of sound s
− Feedback might take se
− Channel changing faste

Most underwater nodes
C i ti T− Communications Tx pow

− Retransmissions costly
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l th li htslower than light
everal second
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s battery powered
( 10 100W)wer (~10-100W)
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Example

Power A

WHOI Micromodem

DSP Tex
10

Transmit 
Power 

10 
Typ

Receive 80 
Power Wh

Data Rate 80
5 p
FS

Daughter Card / Co-processor
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FS

e Hardware

Amp

Micromodem in action

Micromodem Specifications 
xas Instruments TMS320C5416 
0MHz low-power fixed point processor

Watts 
pical match to single omni-directional ceramic transducer.

milliwatts 
hile detecting or decoding an low rate FSK packet.

-5400 bps 
packet types supported. Data rates higher than 80bps 
SK i dditi l d t b i d
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Current Micromodem

Low Rate Communications (256 bps
− Telemetry return – XYZ, Roll, Pitch, 
− More complex telemetry not possible

Polling scheme (crude)Polling scheme (crude)
− No interrupt for Commands

Only one command - abort
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m Applications - Seabed

, 32 bytes per packet) WHOI, 2005

Heading, Goal #
e
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More Current Micro

A t K kAutonomous Kayaks

PLUSnet (gliders, AUV

ONR (Remus)( )
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Other Current Ac

ScienceScience
− Geological / bathymetric su

Underwater archeology− Underwater archeology
− Ocean current measuremen

Deep ocean exploration− Deep ocean exploration
Government

Fish population manageme− Fish population manageme
− Costal inspection

IndustryIndustry
− Oil field discovery maintena
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Future A

J d PUMA (AJaguar and PUMA (Arc
− Still primitive

April 23, 2007 Acoustic
Ballard

Applications

ti l ti )ctic exploration)

WHOI, 2006
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Future Applic

ORION (O RORION (Ocean Resear
Observatory Networks)
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h I t tirch Interactive 
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WHOI, 2005

c Comms
d Blair

21



Future Applica

ORION P
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Applications plann

Ocean observation sysOcean observation sys
− Costal observation 

Military
− Submarine communicat
− Ship inspection

NetworkingNetworking
− Mobile sensor networks

Vehicle deploymentVehicle deployment
− Multiple vehicles deploy
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Acomms – Res

Communications and RanCommunications and Ran
− Intimately tied
− Common solutionCommon solution

Underwater Networkingg
− Short jumps, larger bandwid
− Complex Routing Algorithm

Multiple AUV
R Sh i− Resource Sharing

− Efficient message passing
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My Curre

Ch l C diChannel Coding
− LDPC Codes

Kschischang, Trans of Info Theory, 2001
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Conc

A ti i tiAcoustic communicatio
− Current “best” solution (
− Still not an easy problem

Acomms research and 
− Many exciting things ha
− Much more to come
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Ques

http://www.ukuleleman.net/2005_08
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