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Abstract

In thisreportwedescribeacompact,easilydeployed,mooredsystemfor oceanographicandmeteo-

rologicalobservationsin thecoastalocean.Thesystemconsistsof asurfaceandsubsurfacemooring

pairdeployedadjacentto oneanother. Comparedto asinglecatenarysurfacemooring,thisarrange-

mentallows theentirewatercolumnto be instrumented.All of the instrumentsin thesystemlog

high resolutiontime seriesdata.Additionally, themooringline instrumentsperiodicallyreportav-

erageddatato thebuoys via inductive modems.On thesubsurfacemooring,this averageddatais

sentto thesurfacebuoy usinganacousticmodem.Inductively coupledmooringline instrumenta-

tion includesconductivity, temperature,andpressuresensors,acousticcurrentmeters,andoptical

backscatteringandabsorptionsensors.In additionto mooringline instruments,the surfacebuoy

collectsaverageddatafrom meteorologicalsensors,includingwind speedanddirection,barometric

pressure,relative humidity, air temperature,precipitation,longwave andshortwave radiation,sea

surfacetemperatureandconductivity, andwave heightandperiod. Datafrom bothmooringlines

andfrom thesurfacemeteorologicalsensorsis telemeteredto shorevia line-of-sightradioandsatel-

lite. Theentiresystem,includingbuoys,moorings,instruments,launchandrecoverygear, telemetry

receive, anddataprocessingfacilitiescanbepacked into a single20 foot shippingcontainer. The

systemwassuccessfullydeployedto provideenvironmentalmonitoringfor KernelBlitz 2001,aUS

Navy fleetexerciseoff southernCalifornia.Resultsfrom thedeploymentarepresented.
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Part 1

Platforms, Instrumentation, and
Telemetry

1.1 Overview and chronology

As part of KernelBlitz 2001/MIREM-16,a US Navy fleet exerciseoff SouthernCalifornia, the

Upper OceanProcesses(UOP) Group of WoodsHole OceanographicInstitution deployed two

mooringsandshipboardinstrumentationto provideenvironmentalmeasurements.Thiseffort wasa

follow-up to aneffort by UOPin supportof GOMEX-99-2/MIREM-9off CorpusChristi,Texasin

September1999.Thateffort involveda shipboardmeteorologicalsystemandonesurfacemooring

with watercolumntemperature,salinity, andcurrentinstruments.Therewasno real-timeteleme-

try of data. Basedon feedbackfrom Navy operatorsfollowing that exerciseand internal UOP

developmentobjectives, the ideabehindthe KernelBlitz effort was to deploy a significantlyen-

hancedsystem,includingreal-timetelemetry, opticalmeasurements,increasedinstrumentdensity,

andmeasurementsover thefull watercolumn.An overview of thesystemdesignedto provide these

enhancementsis shown in figure1.1.

The observingsystemdeployed for KernelBlitz 2001 consistedof a surfaceandsubsurface

mooringpair deployedside-by-side.This arrangementallows theentirewatercolumnto beinstru-

mentedwith simple,easyto deploy mooringconfigurations.Thesurfacemooringwasa catenary

configurationwith instrumentsdown to about40 m in 55 m waterdepth.Thesubsurfacemooring

wasa tautmoor, 25 m long,with instrumentsover thebottom15 m. Mooring diagramsareshown

in figures1.2and1.3.

Instrumentson the mooringsincludedconductivity, temperature,andpressuresensors,single

bin acousticcurrentmeters,and optical backscatteringand absorptionsensors.All instruments

wereinternallyrecording.Additionally, many of themooringline instrumentsperiodicallyreported

7



Figure1.1: Overview of theenvironmentalobservingsystemdeployedfor KernelBlitz 2001.

averageddatato thebuoys via inductive modems.On thesubsurfacemooring,this averageddata

wassentto thesurfacebuoy usinganacousticmodem.

Meteorologicalinstrumentationon thesurfacebuoy includedglobalpositioningsystem(GPS)

position, wind speedand direction, barometricpressure,relative humidity, air temperature,pre-

cipitation, longwave andshortwave radiation,seasurfacetemperatureandconductivity, andwave

heightandperiod. Hourly averagedvaluesfrom theseinstruments,alongwith the averageddata
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from themooringline instrumentation,weretelemeteredto shorevia line-of-sightradio. A similar

telemetrysystemandmeteorologicalsuite(minustheprecipitationsensor)wasinstalledonthebow

mastof RV New Horizonwhichwasoperatingin theareathroughouttheKernelBlitz 2001exercise.

The location of the mooringsis shown in figure 1.4. The surfacemooringwas deployed at

33
�
20� 41� N, 117

�
36� 47� W; thesubsurfacemooringwasdeployed at 33

�
20� 48� N, 116

�
36� 59� W

(250 yds NW of the surfacemooring). Waterdepthat both siteswas55 m. The mooringswere

deployed on 11 March 2001andrecoveredon 30 March 2001. Both operationswereconducted

from RV New Horizon.

Theoriginal experimentalplancalledfor both line-of-sightradioandsatellitetelemetryof the

datafrom the shipboardandbuoy basedsystems.Due to uncertaintiesregardingthe stateof the

satelliteserviceprovider at the time of deployment the decisionwasmadeto useonly the radio.

Prior to leaving thedockon11March2001bothradiosystemswererunningwell. Aroundthetime

thattheship’sengineswerestarted,however, radiocontactwith bothsystemswaslost. Immediately

following deploymentof thesurfacebuoy onedatapacket wasreceivedfrom thesurfacebuoy.

On 12 March 2001the main receive stationwasinstalledat the US Army Reserve Centerat

thesouthernendof CampPendletonMarineCorpsBase,approximately24km downcoastfrom the

mooringsite. A radio repeaterwas installedon the ACU-5 (AssaultCraft Unit 5) control tower

9



Figure 1.4: Map of the Kernel Blitz 2001 exercisearea. The mooring site is indicatedby the

encircledM.

approximately17 km downcoastfrom themooringsite. No datawasreceived throughouttheday

on 12 Marchnorwasanything receivedfrom amobilestationestablishedin thelateafternoonon a

highbluff 6 km from themooringsite.

The surfacebuoy wasvisited via small boaton the morningof 13 March. Througha direct

consoleconnectionwith the surfacebuoy controller it wasdeterminedthat all systemswereop-

eratingasexpected.The radio link to a mobile receiver on the boatworked well. Basedon this

informationasecondrepeaterwasestablishedonabuoy mooredapproximately200m southof the

surfacemooring.Theantennaon this repeaterbuoy hadmoreheightandwasnotobstructedby any

tower or maststructurecomparedto thesurfacebuoy. Thenew repeaterwasinstalledvery closeto

theoriginal mooringsto minimizeproblemsdueto its statusasanunplanned,unbroadcasthazard

to navigation. Theinitial repeaterbuoy simply containeda batteryconnecteddirectly to a radioso

thatit wasalwayson andrepeating.In this configurationit hada batterylife of approximatelyfive

days.On17Marchtheinitial repeaterbuoy wasswappedout for aunit thatincludedacontrollerto
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power switchtheradioon a 50%duty cycle (on aroundtheexpectedtime of transmissionfrom the

surfacebuoy) andacapacitydoubledbattery.

Following this improvisation the radio link back to the main receive stationdid operatesuc-

cessfully. Throughoutthe experimenttherewereperiodswhenno datawasreceived, likely due

to environmentalconditions(haze)andpossiblyblockageor interferencecausedby ships. Of the

452hourlydatasetstransmittedafterthesurfacebuoy wasdeployedon11March,301(67%)were

receivedat leastpartially, and221(49%)werereceivedcompletely. After recovery it waspossible

to analyzethe successratesof the inductive andacousticlinks aswell. The inductive telemetry

from all instrumentson bothmooringsperformedwith 100%success.Of 449datasetstransmitted

acousticallyfrom thesubsurfacebuoy to thesurfacebuoy, 416(93%)weresuccessfullyreceived.

1.2 Buoy descriptions

1.2.1 Surface

Thesurfacebuoy wasa modifiedNOPP(internalWHOI designation)hull with a 1.07m diameter,

0.63 m high surlyn foam hull with a 2 m long, 0.15 m diameterthroughpipe for a well. The

tower on top of the buoy wasa standardNOPPtower with the radarreflectormastreplacedby a

highly customized,verycompactsuiteof ASIMET (Air SeaInteraction- Meteorology)instruments

(figure1.5).A secondlight baywasaddedto provideroomfor connectors.Themooringattachment

framethatconnectsthebuoy tubeto themooringwaslengthenedandstrengthenedto provide room

to mount the acousticmodemhydrophone,as well as modified to have an integral clevis style

attachmentpoint for achain/wiremooring.Theinstrumentedbuoy keel(tubeandattachmentframe)

is shown in figure1.6. Leadballast(approximately135kg) wasaddedto thekeel tubesothat the

buoy wouldbestablefloatinguprightwith nomooringattached.Theleadwasmountedonthreaded

rodwhichscrewedinto theclampsnormallyusedfor zinc anodes.

1.2.2 Subsurface

Thesubsurfacebuoy wasa LOCOMOOR(internalWHOI designation)buoy consistingof anEd-

geTechPop-UpRecoverySystemwith AM200 acousticreleaseandaWHOI designedframeto hold

eightadditionalplasticspheres(figure1.7). This arrangementprovided a netbuoyancy of 620N.

To reducemooringtilt in strongcurrentsa17-inchglassspherewasaddedto thechainimmediately

below thesubsurfacebuoy to provide additionalflotation.

The controller and modemsfor the subsurfacemooringwere housedin a pressurecasethat

wasclampedinto an inline cagebeneaththe subsurfacebuoy. The cagedesignwasbasedon the

standard0.25 m squareWHOI VMCM (VectorMeasuringCurrentMeter) cage,shortenedto an

11



Figure 1.5: Surface

buoy tower prior to re-

covery.

Figure1.6: Instrumentedbuoy keelandmooringattachmentframe.

Figure1.7: LOCOMOORbuoy used

on thesubsurfacemooring.

Figure 1.8: The subsurfacepressurecaseand instrument

cagewith UAM transducermounted.

overall lengthof 1.27 m and constructedof 3/8-inch titanium rod ratherthan3/4-inchstainless.

The cageandclampsalonehave a massof 6.8 kg anda wet weight of 51 N. With endcaps,the

PVC pressurecaseis 0.64m long, 0.19m outsidediameterandhasa mass(with no electronicsor

batteries)of 7.7kg. Thecageandcaseareshown in figure1.8.

12



instrument id depth variables samplingscheme
S

ur
fa

ce
B

uo
y

HRH501 01 Ta, RH BDL logsevery60s,mostrecentsampleusedfor hourly telemetry
PRC501 01 precip BDL logsevery60s,mostrecentsampleusedfor hourly telemetry
LWR501 01 Qlw BDL logsevery60s,mostrecentsampleusedfor hourly telemetry
SWR501 01 Qsw BDL logsevery60s,mostrecentsampleusedfor hourly telemetry
WND343 01 We, Wn BDL logsevery60s,mostrecentsampleusedfor hourly telemetry
BDL L11 BP loggedevery60s,mostrecentsampleusedfor hourly telemetry
SI34103A0380A00747 01 Hs, Tp 8192samplesat10Hz sampledhourly to computewavespectrum
KX-G71019ABDE207206 lat, lon hourlyGPSfix
SBE-37SM1419 01 0.5 T, C BDL logsevery60s,mostrecentsampleusedfor telemetry
SBE-390007 1 T internallylogsevery 30s

S
ur

fa
ce

M
oo

rin
g

SBE-37IM670 01 7 T, C, P internallylogsevery 30s,hourly averagefor telemetry
SBE-37IM669 02 14 T, C internallylogsevery 30s,hourly averagefor telemetry
SBE-37IM683 03 21 T, C internallylogsevery 30s,hourly averagefor telemetry
SBE-37IM685 04 28 T, C internallylogsevery 30s,hourly averagefor telemetry
SBE-37IM671 05 35 T, C, P internallylogsevery 30s,hourly averagefor telemetry
SBE-390035 4 T internallylogsevery 30s
SBE-390039 6 T internallylogsevery 30s
SBE-390044 9 T internallylogsevery 30s
SBE-390045 11 T internallylogsevery 30s
SBE-390046 18 T internallylogsevery 30s
SBE-390047 25 T internallylogsevery 30s
SBE-390051 32 T internallylogsevery 30s
SBE-390053 39 T internallylogsevery 30s
ArgonautD171 40 6 Ve, Vn, Vu, T logs60s avgsof 1 Hz pings,hourlyavg of 1 minutedatafor telemetry
ArgonautD208 41 23 Ve, Vn, Vu, T logs60s avgsof 1 Hz pings,hourlyavg of 1 minutedatafor telemetry
a-Beta624/ 3 a, KL, β, P 10samplesin hourly100sburst,hourly telemetrygetslastsampleof burst
SBE-4418 20
a-Beta625/ 27 a, KL, β, P 10samplesin hourly100sburst,hourly telemetrygetslastsampleof burst
SBE-4419 21

S
ub

su
rf

ac
em

oo
rin

g

SBE-37IM686 06 42 T, C internallylogsevery 30s,hourly averageusedfor telemetry
SBE-37IM684 07 49 T, C, P internallylogsevery 30s,hourly averageusedfor telemetry
SBE-390054 35 T internallylogsevery 30s
SBE-390101 39 T internallylogsevery 30s
SBE-390102 46 T internallylogsevery 30s
SBE-390103 53 T internallylogsevery 30s
ArgonautD197 42 51 Ve, Vn, Vu, T logs60s avgsof 1 Hz pings,hourlyavg of 1 minutedatafor telemetry
a-Beta626/ 54 a, KL, β, P 10samplesin hourly100sburst,hourly telemetrygetslastsampleof burst
SBE-4420 22

N
ew

H
or

iz
on

BPR204 02 BP internallylogsevery 60s,mostrecentsamplefor 5 minutetelemetry
WND207 02 We, Wn internallylogsevery 60s,mostrecentsamplefor 5 minutetelemetry
SWR211 02 Qsw internallylogsevery 60s,mostrecentsamplefor 5 minutetelemetry
LWR213 02 Qlw internallylogsevery 60s,mostrecentsamplefor 5 minutetelemetry
HRH213 02 Ta, RH internallylogsevery 60s,mostrecentsamplefor 5 minutetelemetry
KX-G71019ABDE206993 lat, lon GPSfix every5 minutes

Table1.1: Shipboard,surface,andsubsurfaceinstrumentdetails. Shipboardandsurfacebuoy in-

strumentids areRS-485addresses.Surfaceandsubsurfacemooringinstrumentids areinductive

modemaddresses.

1.3 Description of the instrumentation

A summarytableof detailsfor all instrumentsis provided in table1.1. Additional detailsabout

power, samplingscheme,andmechanicalmountingareprovidedbelow. Detailsaboutsysteminter-

connectionsandbulkheadconnectordetailsfor bothsurfaceandsubsurfacemooringsareprovided

on theblock diagramin figure1.13.
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Figure1.9: SBE-37onmooringwire. Figure1.10:SBE-39onmooringwire.

1.3.1 Temperature,conductivity, and pressure

Mooring line temperature,conductivity, andpressureinstrumentswereSBE-37(T, C, andsome-

timesP) andSBE-39(T only) instrumentsmanufacturedby Sea-BirdElectronics.ThesevenSBE-

37 instrumentson themooringlines (5 surface,2 subsurface)hadintegral inductive modemsand

reportedhourly averageddatato the buoys. Threeof theseinstruments(sn 670 and671 on the

surfaceandsn684on thesubsurface)hadpressuresensorswith a full scalerangeof 100psia.

The SBE-37mountedon the buoy keel was part of the ASIMET meteorologicalsystem;it

communicatedwith theIMET dataloggervia RS-485anddid not internallylog. ThethirteenSBE-

39instruments(9 surface,4 subsurface)internallyloggedtemperatureonly. Thesampleinterval for

internallyloggeddataonall SBE-37and-39 instrumentswas30seconds.

Mooring line SBE-37sderived power from standardSea-Birdinternal lithium batterypacks.

SBE-39swerepoweredby internal9-volt alkalinebatteries.The ASIMET SBE-37waspowered

throughtheASIMET logger/controller, which in turnwaspoweredby buoy primarybatteries.

Mooring line SBE-37swereclampedto themooringwire usingtheintegral clampsasshown in

figure1.9. Mooring line SBE39swereclampedto themooringwire usinga PVC clampingblock

asshown in figure1.10. On thekeel theSBE-37wasattachedusinga PVC clamparoundthekeel

tube.TheSBE-39wasclampedto themooringattachmentframeusingaclampsimilar to thatused

for mooringline SBE-39s.Thepositionsof thekeelmountedinstrumentsareshown in figure1.6.

All inductive(mooringline)SBE-37sreturned100%of data,telemeteredandinternallyrecorded.

All conductivity datafrom the IMET SBE-37on the buoy keel wasanomalouslyhigh relative to

otherinstruments.An evaluationandpost-calibrationby Sea-Birdrevealedthata failureof analog

componentsin the instrumentintroduceda bias. Thesedatashouldbe discarded.The pressure

datafrom SBE-37671 is baduntil after 20 March. All SBE-39sexceptfor sn 103 at the bottom

of the subsurfacemooringreturned100%of data. The recordfor instrument103 stopsshort,at

approximately1800UTC on 26March,possiblydueto abatteryundervoltage.
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Figure1.11:a-BetaandSBE-44clampedonmooringwire.

1.3.2 Optical backscatteringand attenuation

The optical instrumentson the surfaceand subsurfacemooringswere a-Betasmanufacturedby

HOBI Labs.For inductivecommunicationsthey werepairedwith Sea-BirdSBE-44UnderwaterIn-

ductive Modems(UIMs). Figure1.11shows ana-Betawith PVC clampsandSBE-44with integral

inductive clampson mooringwire. The two instrumentscommunicateover the connectingcable

via RS-232.TheUIM providestranslationbetweenthisRS-232link andinductivecommunications

comingdown from thebuoy inductive modemcontrollers.

Prior to deployment, the firmware in all threea-Betaswasupgradedfrom v1.39 to v1.40 in

RAM (not Flashso the changewasnot permanent).This upgradefixed a bug that causedthe a-

Betasto occasionallyhangandquit respondingaftera hibernationperiod. The firmwareupgrade

wasalsomodifiedso that ratherthanthe normalwake sequence(Enterkey, Enterkey, sampling

immediatelystarts)the sequenceEnterkey, d key would print the most recentlysampledline of

dataandimmediatelyreturnthe instrumentto its regularsleepschedule.This changeallowed the

systemcontrollerto querythea-Betafor datawithout waking thea-Betafully, allowing for more

independentoperationsbetweenthetwo.

The a-Betaswere deployed beta-sidedown (a-sideup). The body of eachinstrumentwas

wrappedin electricaltapeandthetapewaspaintedwith anti-foulingpaint.Anti-fouling faceplates

wereinstalledon theendswith thebetaoptics.No fouling wasevidentpost-recovery.

The instrumentswere programmedto samplein burst mode: 10 samplesover 100 seconds,

hourly on thehalf-hour. Samplingwasdoneon thehalf-hourto ensurethat they would be asleep

whenthe controllerqueriedthem(via theSBE-44)with themodifiedwaking sequencedescribed

above. The UIMs anda-Betaseachhadtheir own internalpower source.SBE-44susedstandard

Sea-Birdlithium packs.a-Betashave internalrechargeableNiCd batteries.

a-Betasn 625 did not internally log any data. This is likely dueto an error in the instrument

setup.Thepressuresensoron a-Beta624startedreturningbadvaluesafter25 March. Thereason

for this failurehasnotbeendetermined.
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Figure1.12:Argonaut-MDwith inductive cablecouplerclampedonmooringwire.

1.3.3 Curr ent

Currentmeasurementsweremadeat threedepthswith SontekArgonaut-MDsinglebin acoustic

dopplercurrentmeterswith integral inductive modems.TheArgonautswereclampedto thewire

with PVC clampsasshown in figure1.12. Inductive connectionsweremadewith inductive cable

couplers(ICC) thatplug directly into thebulkheadcommunicationsconnector. Thecompasseson

theArgonautareconfiguredsuchthattheinstrumentsweredeployeddown looking. Whensampling

they ping continuouslyat 1 Hz. Oneminuteaveragesof theearthreferencedvelocitiesfrom these

pingswereloggedinternally. Whenqueriedinductively for datatheinstrumentsrespondedwith an

averageof this oneminutedata. Power wasprovided by standardSontekalkalineD cell battery

packs.

All threeArgonautsreturned100%of data,telemeteredandinternallyrecorded.On instrument

208thedatesreturnedin theresponsesto thecontroller’s queriesstoppedchangingafter0604UTC

on 25 March. This errordoesnot appearin the internally recordeddataandit doesnot appearto

have affectedtheactualdatareturnedin thequeryresponses.

1.3.4 Meteorology

1.3.4.1 Surfacebuoy

Thesurfacebuoy ASIMET systemwasacustomizedunit designedto fit onthestandardNOPPbuoy

tower. As shown in figure1.5 thehousingfor theWND (wind) moduleformsthecentralmaston

top of thebuoy tower. This housingalsocontainedelectronicsfor theHRH (relative humidity and

air temperature)andPRC(precipitation)modules.TheHRH sensorwasmountedwith its radiation

shieldupsidedown asoneof threeinstrumentsclampedaroundthetopof thecentralhousing.Other

instrumentsat the top of the mastareLWR (longwave radiation)andSWR (shortwave radiation)

modules,both in their mostcompact(no batteries,front-endelectronicsonly) configuration.The

PRCmodulewasboltedto thesideof thebuoy tower. Theseasurfacetemperatureandconductivity
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Figure1.13: Block diagramof theinterconnectionsfor thesurfaceandsubsurfacemoorings.Note

thatsomemooringline instrumentsarenot shown.

module(SCT)wastheSea-BirdSBE-37with RS-485interfacedescribedin section1.3.1.

All of themoduleswerecontrolledandloggedby theBuoy Datalogger(BDL) boltedto thebuoy

tower oppositethe PRCmodule. The BDL alsocontainsan integral BPR (barometricpressure)

module. Power to the BDL andhenceto the modulesis provided by the buoy primary batteries.

Noneof themodulesloggeddatainternally. Theoneminuterecordfor all moduleswasloggedby

theBDL. Power andsignalconnectionsbetweenmodules,BDL, andbuoy controllerareshown in

figure1.13.

Thedataloggerreturned100%of datafor all modules,bothtelemeteredandinternallyrecorded.

With theexceptionof thefailureof analogcomponentsontheSBE-37(resultingin badconductivity

data)notedabove all modulesappearto have performedwell.
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Figure1.14:Bow mastof RV New Horizon instrumentedwith ASIMET modules.

1.3.4.2 New Horizonbow mast

TheshipboardASIMET instrumentsweremountedto a lengthof aluminumchannelusingstandard

suitcaseclamps.Thechannelwasthenclampedto thebow mastof theRV New Horizon. TheBPR

barometricpressuremodulewassecuredonthedeckbelow theforepeak.Thecontrollerandbattery

housingwasratchetstrappedto thebaseof thebow mast.A photographof the instrumentedmast

is shown in figure1.14.

Shipboardmodulesinternally loggedat oneminuteintervals to internalflashcards.Every five

minutesthemoduleswerequeriedby thecontrollerfor their mostrecentdata.This datawasused

for telemetryandstoredon thecontroller’s flashcard.

The shipboardcontrollerstoppedoperatingshortly after 1200UTC on 11 March, just as the

shipwasleaving thedock. In additionto losing thefive minutedatathatwould have beenwritten

to flashandany radio telemetryof this data,the failure of the controllerresultedin the GPSdata

beinglost. With no recordof speedandposition,theentireshipboarddataset,andparticularlythe

wind data,areof limited usefulness.Also, the internally loggeddatarecordon the wind module

wasshort;no datawasrecordedafter1400UTC on 17 March. Thereasonfor this failurehasnot

beendetermined.

1.3.5 Waveheight and period

Waveheightandperiodwerecalculatedhourly from 8192point timeseriesof tri-axial acceleration

from theSummitInstrumentsSI34103A,sampledat 10 Hz by thecontroller’s onboard12-bit AD
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converter. In thisprocess,thesurgeandswaydirectionsarelow-passfilteredin real-timeto calculate

pitch androll anglesso that the heave accelerationcanbe rotatedinto true vertical. The vertical

accelerationis thendoubleintegrated,with real-timehigh passfiltering at eachstepto eliminate

drift, into verticaldisplacement.Oncethesamplingis complete,thespectrumof this time seriesof

verticaldisplacementis computedandthepeakfrequency is determined.Thesignificantheightis

calculatedas4σz whereσz is thestandarddeviation of thetimeseriesof verticaldisplacement.

For KernelBlitz thisprocessingprocedurefor theaccelerometerdatawasexperimental.Results

for significantwave heightappearreasonablebasedon othernearbymeasurements,but no direct

validationdatais available. Due to a problemin the software, the calculatedpeakperiodvalues

werenot correct.Thisproblemhassincebeencorrected.

1.4 Telemetry

1.4.1 Satelliteand radio

Theshipboardandsurfacebuoy systemswereequippedwith Orbcommandline-of-sightradioRF

telemetrymodems.OrbcommtransceiverswerePanasonicKX-G7101DataCommunicatorswith

built-in GPSreceiver. Theantennafor bothsystemswasanAntenex DualBandVHF/GPSantenna

pottedinto a PVC cupwith a facesealon thebottomsothatit mountedright on theendcap.Small

leakswereobserved with both systemsduring testing;prior to deployment they werecompletely

sealedwith siliconeto provide additionalwaterproofing.As previously stated,dueto Orbcomm’s

possiblefinancialdifficulties, satellitetelemetrywasturnedoff for KernelBlitz 2001. The GPS

capabilitiesof theKX-G7101werestill used.

RadiomodemswereFreeWaveWirelessDataTransceivers,modelDGR09on thesurfacebuoy,

bow mast,ACU-5 repeater, andrepeaterbuoy, andDGR-115at thebasestation.Themodemswere

configuredin point-to-multipointmode:surfacebuoy andbow mastaspoint-to-multipointslaves,

repeatersaspoint-to-multipointrepeaters,andbasestationaspoint-to-multipointmaster. All of

theradioswereconfiguredto transmitat their highestpower level (1 W, power setting9). To avoid

collisionswith otherFreeWavenetworksin theareathefrequency key wassetto 11andthenetwork

id to 55 onall radios.

Theantennaon thesurfacebuoy wasa custommadewhip manufacturedby WebbResearchin

thesamemannerastheir Argoswhip antennas.Thebaseof theantennahasa 7
16-inch MS fitting

whichscrewsdirectly into aportmachinedinto theendcap.TheshipsystemusedaFreeWave3-dB

whip mountedon thebow mastcrossbar. The antennacablecameinto theelectronichousingvia

a Woodheadbulkheadfitting. The repeaterbuoy andACU-5 repeateralsouseda FreeWave 3-dB

whip. The basestationantennawas a FreeWave 10-dB YAGI mountedon an � 4 m high pole

structurethatwasplacedon top of thehighestpartof the roof of theUS Army Reserve Centerat
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Figure1.15:Mooringgeometrydictatedby theUAM transducerbeampattern.

CampPendleton.

Theradiotransmissionschemewasverysimplistic.Oncethedatamessagehadbeenformulated

by the controller the radio senddataroutine on the bow mastor buoy systemsentthe message

in ASCII format 10 timesat 30 secondintervals. Therewasno handshakingor error correction

betweenthebasestationandtheslave systems.

1.4.2 Acoustic

TheacousticmodemsonthesurfaceandsubsurfacesystemswereUtility AcousticModems(UAMs)

version1.2designedby theWHOI AcousticCommunicationsGroup.Bothsystemsusedthree-ring

transducersmanufacturedby Benthos.The mountingconfigurationfor the transducersareshown

in figures1.6and1.8.

The beampatternof the transducersdictatedthe horizontalseparationbetweenthe moorings.

The transducersradiateacousticenergy in an annulus,� 20
�

off thehorizontal. With a horizontal

beamthetwo transducersmustbesetsomeminimumdistanceapartfrom eachother(thiscontrasts

with verticalradiationpatternsfor whichthetransducersmustbesetwithin somemaximumdistance

from oneanother).Theworstcasescenariois diagrammedin figure1.15. In this casethesurface

mooringis at its point of closestapproachto thesubsurfacemooring(thesituationdiagrammedis

very conservative: the subsurfacemooring is drawn asnot respondingto the conditionsthat are

pulling thesurfacemooringsotaut). y is theheightof thesubsurfacetransducerfrom thebottom.

Thesurfacetransduceris assumedto beat thesurface,thewaterdepth,H, awayfrom thebottom.L

is thetotal lengthof thesurfacemooringandx is thehorizontaldistancebetweenthetwo anchors.
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For thetwo transducersto “see”eachother, theinequality

H  y

x �� L2  H2 � tan20
�

(1.1)

mustbesatisfied.For example,if thescopeof thesurfacemooringis 2 (L � 2H), andthesubsurface

buoy is at themidpointin thewatercolumn(y � 1
2H), theseparationdistancebetweentheanchors,

x, mustbe

x � � 2H � H
2tan20

� � (1.2)

For KernelBlitz, H � 55 m, y � 25 m, andL � 100m, andtherequirementwasx � 165m. The

actualseparationof approximately230m easilysatisfiedthis.

On thesurfacesystemtheUAM wastreatedasan instrument,thedatait reportedto thecon-

troller wassimply the completedatamessagetransmittedby the UAM on the subsurfacesystem.

Thesurfacesystemwasconfiguredsothat theUAM wasthe last instrumentqueriedfor data.The

systemwoke hourly at 45 minutespasthour to begin collectingdata. Theprocessof queryingall

instrumentsbut the UAM typically took about18 minutes(the majority of which time wasspent

samplingthe accelerometer).The subsurfacesystemwoke hourly on the hour andthe processof

collectingdatatook approximatelyoneminute. Becausethe UAMs do not have a remotewake

capabilitythesubsurfaceUAM hadto beawake andwaiting for anuplink requestfrom thesurface

to initiate thedatatransfer. This timing allowedthat.

Thecompletesequenceof negotiationanddatatransferbetweenthetwo UAMs is asfollows.

1. Oncesamplingis completethesenddataroutinefor thesubsurface(slave)UAM is passedthe

datafile.It entersinto a loop waiting for anuplink requestfrom thesurface(master)UAM.

2. Whensamplingof all otherinstrumentsis completethegetdataroutinefor themastersends

thatuplink request.

3. On receiptof therequesttheslave UAM passesto thecontrollerthreedatarequestmessages,

oneeachto fill the three32-byteframesthatmake up a packet. In thefirst of thesepackets

thecontrollersendsthetotal lengthof thedatafilesothesurfaceknows whatto expect.

4. After sendingtheuplink requestthesurfacecontrollerknows to expectthreemessagesfrom

themasterUAM. Thesemessagescanbedataframes,badpacket,or timeout.If abadpacket

messageis received thesurfacecontrollerinitiatesa reuplink request.This causestheslave

UAM to resendthedatapacketwithoutqueryingthecontrollerfor additionaldata.If atimeout

messageis receivedthecontrollerassumesthattheslaveUAM neverheardtheuplink request

andit resendsthatrequest.Thismaybeabadassumption– if theslave heardtherequestand

transmitteddatabut themasterneverheardanythingandthustimedout,anew uplink request

will causetheslave to querythesubsurfacecontrollerfor threenew frames.This is aserious

lossof stateandgenerallyresultsin acompletelylost transmission.
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5. Whenthesurfacecontrollerreceivesthreedataframes(acompletepacket) it checksto seeif

thecompletedatafilehasnow beenreceived. If it hasnot, thenit sendsa new uplink request

andsteps3–5arerepeated.

6. Oncethecompletedatafilehasbeenprocessedby theslave senddataroutine,thesubsurface

controllerentersa loop waiting for theslave to receive adownlink request.

7. Whenthecompletedatafilehasbeenreceivedby themasterUAM thesurfacecontrollersends

that downlink request.This causesthe masterto passto thecontrollerrequeststo fill three

dataframes.Thecontrollerfills theseframeswith any commandinformationto beprocessed

by the subsurfacecontroller. For the KernelBlitz configurationthat informationconsisted

simply of a messagethat theslave UAM couldbepowereddown. This operationis simpler

than the uplink becausethereis alwaysonly onepacket and thereis no retry on errorsor

timeout.

This procedureis far from perfectandis not entirely error free even within the constraintsof the

currentUAM implementations.The processfor error retry andhandshakingwith the slave about

whenit is alright to shutdown couldbeimproved.

Other problemswith the currentsoftware interfaceare relatedto power and rebooting. The

UAMs arewakenedby an IO line going high; to put themto sleepthe controllermustwait for a

commandrequestover theserialport andthensenda shutdown message.Becausea UAM cannot

sendcommandrequestsandlistenfor messagesfrom thecontrollerwhile simultaneouslylistening

for acousticactivity, it is desirablefrom anacousticdetectionstandpointto minimizethetimespent

listeningto theserialport. For stability reasonsit is alsodesirableto periodicallyreboottheUAM.

Theserequirementswork againstthevery finecontrolof power switchingthatthecontrollerstry to

implementto minimizeoverall powerconsumption.

1.4.3 Inducti ve

On the surfaceand subsurfacemoorings,the primary length memberwas a single length of 3
8-

inch jacketed3x19 wire rope(jacket diameter1
2-inch). Individual shotswereavoided to provide

a continuoussignalpath for the inductive link. A Sea-BirdInductive CableCoupler(ICC) was

clampedto the wire just below the topmostboot. The ICC hasa molded-inpigtail which was

connectedto a 2-pin bulkheadconnectoron the bottomendcapof the surfacebuoy or subsurface

pressurecase. The ICC pigtail ran up the boot, loopedloosely aroundthe shackle-ring-shackle

assembly, andalongthemooringattachmentframeor cage,held in placeover its lengthwith tape

andtie wraps. In this arrangementthe inductive signalpath is a closedloop formedby the wire

andtheseawaterpathbetweentheexposedclevis endsof thewire. TheICC is simply aninductive

coil which connectsvia thepigtail/bulkheadto a transformeron theSea-BirdSMODEM-1Surface

Inductive Modem(SIM) on thecontrollersystem.
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For thepurposesof thecontrolsystem,theentireinductivesystem(SIM plusinductiveSBE-37s,

inductiveSontekArgonaut-MDsandSBE-44connecteda-Betas)wastreatedasasingleinstrument.

Whenqueriedby thecontrollerfor datatheSIM control functionswould in turn queryeachof the

attachedinstrumentsto form thecompleteinductive datamessage.

1.5 Controllers

1.5.1 Electronics

Thecontrollersfor all threesystems(surface,subsurface,shipboard)wereOnsetTattletaleModel8

computersmatedwith PersistorCF8compactflashstorage.Thesurfacebuoy useda Tattletale8v2

andCF8v2;thesubsurfacebuoy andshipboardsystemhadolderstyleunits.Theonly differencein

thenew unitsis theeliminationof SquishyBusconnectorsin favor of amorereliablepin andsocket

design.Theradio repeaterbuoy deployed on 17 Marchhadan8v2 controllersystem(identicalto

thesurfacebuoy system)installedsimply for power switchingpurposes.

The surfacebuoy systemwasresponsiblefor sampling,controlling, andcommunicatingwith

theUAM (Utility AcousticModem),FreeWaveradiomodem,PanasonicOrbcommsatellitemodem

andGPSreceiver, Sea-BirdSurfaceInductive Modem(SIM), ASIMET Buoy Datalogger, andthe

accelerometerusedfor wavemeasurements.Thetwo sidesof thebuoy electronicschassisareshown

in figures1.16and1.17.Figure1.18showstheschematicandconnectorplacementfor thecontroller

interfacecardthatmatesto theTT8v2 to provide connectionsto thevariousperipherals.Thebase

interfaceboardis anOnsetPR8v2prototypingboardwhich providesaccessto all of theModel 8’s

input andoutputlines.

Power wasprovided by threePro Battery900241-56D Cell assemblies,wired in parallel to

yield 12 V with a nominalcapacityof 294 A-hr. The batterieswerestacked at the bottomof the

tubeandheld in placeby a batteryretainingring. This batterystackwasalsousedto power the

ASIMET system.

With no RF telemetryor accelerometer, thesubsurfacesystemconsistedof just thecontroller,

SIM, and UAM. The two sidesof the subsurface electronicschassisare shown in figures1.19

and 1.20; the schematicand connectorplacementfor the controller interfacecard are shown in

figure1.21. Becauseof the requirementfor fewer IO lines, thesubsurfaceinterfacefit on Onset’s

smallerIO-8 prototypingboard. Power wasprovided by a singlePro Battery900189-72D Cell

assembly(13.5V, 112A-hr).

Theshipboardsystemconsistedof aTT8 controller, PanasonicKX-G7101Orbcomm/GPSunit,

and FreeWave radio. The layout and schematicfor the interfaceboard(an IO-8) are shown in

figure1.22.Thecontrolandtelemetryelectronicsandbatterieswerehousedin therecycledVAWR

Argoshousingshown at thebottomof thebow mastin figure1.14. All of thebow mastASIMET
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Figure 1.16: Surface electronics chassis:

TT8V2 controller, FreeWave radio,andUAM

Figure1.17: Surfaceelectronicschassis:SIM,

accelerometer, andOrbcommunit.
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Figure1.18:Electricalschematicandlayoutof theTT8v2surfacecontrollerinterfaceboard.
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Figure 1.19: Subsurfaceelectronicschassis:TT8V2

controllerandSIM.

Figure1.20:Subsurfaceelectronicschas-

sis: UAM.

modulesweretied to thesingleRS-485buson thecontrollerin a starconfiguration.Thebatteries,

two ProBattery900189-72D cell assemblieswired in parallel,poweredboththecontrol/telemetry

systemandtheASIMET modules.

As notedabove theshipboardcontrollerfailedon 11 Marchat approximatelythetime that the

ship left the dock. The reasonfor this failure is unknown, but may have beencausedby a bad

connection(via theSquishyBus)betweentheTT8 andCF8.
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Figure1.21:Electricalschematicandlayoutof theTT8 subsurfacecontrollerinterfaceboard.

1.5.2 Software: Instrument definition

Thoughtherearedifferencesin thewiring andlayoutof theinterfaceboardsfor thethreecontrollers

they areelectronicallyvery similar; from asoftwarestandpointthey arenearlyidentical.Fromsys-

temto systemthesoftwareonly differs in thehardcodedlist of installedinstrumentsandtelemetry

devicesandin routinesthatreferencecontrollinesto which thosedevicesareconnected.

For eachsystemthereis asinglesourcefile thatcontainssystemspecificinformation.Themost

importantpart of this file is an arrayof instrumentdefinitions. An instrumentdefinition consists

of communicationsport information(TPU lines on the TT8), baudrate,power function,get data
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Figure1.22:Electricalschematicandlayoutof theTT8 bow mastcontrollerinterfaceboard.

function,senddatafunction,auxiliarycontrolfunction,terminalfunction,andauxiliarydatastring.

Thepower function for eachinstrumentis alsoin this file becausethey typically accesshardware

specificIO lineson theTT8. Thegetdata,senddata,auxiliary control,andterminalfunctionsare

containedin sourcefilesspecificto eachperipheralandaresharedamongsystems.

This definition structureallows an attacheddevice to be definedasa dataprovider (get data

function defined),datasender(senddatafunction defined),or both. The definition for the same

typeof device mayvary from systemto system.For example,theUAM on thesubsurfacesystem

is a datasender, but it is a dataprovider (i.e., the systemgetsdatafrom it) on the surfacebuoy.

The PanasonicKX-G7101 Orbcommunit provides both transmit(via Orbcomm)anddata(GPS

position)functionality. For easeof controlof thesystem,however, it is easierin this caseto treat

thetwo functionsastwo instruments– onewith asenddatafunctiondefinedandonewith agetdata

functiondefined.
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Theterminalfunction in mostcasesis sharedbetweenmany instruments.It providesa patch-

throughfor directcommunicationsbetweentheuserandperipherals.Devicesthatrequirea special

sequenceto enterinto a commandor usermode(suchasthe Orbcommunits) do needa device-

specificfunction. The half-duplex natureof the RS-485bus also requiresthat a device-specific

functionbeimplemented.

Theauxiliary control functionsaredevice-specificroutinesto testor setparameterson theat-

tachedperipherals.Many peripheralsrequireadditionalsystem-specificdatabeyond what is pro-

vided in the instrumentdefinition structureto operate. In order to keepthis system-specificin-

formationout of the codefor the peripheralsso that the codecanbe sharedamongsystems,this

informationis storedin the auxiliary dataarray. This arrayis a simplebyte arraythat canbe in-

terpretedby the peripheralcontrol codein whatever way is most convenient. For example,the

auxiliarydataarrayfor theaccelerometeris astringcontainingthenumberof samplesandFFTsize

to usein calculatingwave data. This string is parsedby theaccelerometerroutinesto extract the

numericvalues.Thestringcanbechangedby theauxiliary control functiondefinedin the instru-

mentdefinitionfor theaccelerometer. Theaccelerometerauxiliary functionalsoallows theuserto

put thedevice into avarietyof testmodes.

For theinductivemodemandRS-485instrumentdefinitions,theauxiliaryarrayis usedto define

the addressesof the instrumentsattachedto the signal loop. The auxiliary control function for

theseinstrumentsallow theuserto changetheseaddresses(e.g.,if a sensoris removed or added)

programmatically, without having to changetheinstalledfirmware.Detailsabouttheformatof the

addressstringsandhow to changethemareprovidedin section1.5.5.2.

1.5.3 Software: Control flow

On powerupthecontrolprogramcalls thepower function for eachattachedperipheralto turn the

device off. It thenexecutesany commandsin thescriptfile “param.scr”on thecompactflashcard

andany additionalscript files specifiedon the commandline. If no input wasreceived from the

userit entersautodeploymentmodeaccordingto hardcodeddefault settingsandany settingsin the

scriptfiles.

Deploymentmode,theprimaryoperatingmodeof thecontrollers,is similar to burst modeon

many instruments:long periodsof low power hibernationinterruptedby shortperiodsof sampling

activity. In eachwaking periodthe controllersequentiallypowersandcalls the get datafunction

for eachavailableattachedinstrument.Whenthis processis completethe controllersequentially

powersandpassesthe datafileto the senddatafunction of eachavailable telemetrydevice. The

controllerthenenterslow power sleepuntil thenext wakingperiod.

In thismodetheoperatingcycleisgovernedby theinterval, imodulus, ioffset andtelemetry

settings.Theinterval settingsdeterminesthenumberof secondsbetweenthestartof consecutive
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activity periods.For KernelBlitz theinterval settingfor surfaceandsubsurfacesystemswas3600

(onehour); for thebow mastsystemit was300(five minutes).Thetelemetry settingdetermines

thenumberof cyclesto collectdatabeforeactivating the telemetryfunctions. A settingof 1 indi-

catesthat telemetryshouldbesentat every cycle. This option is intendedto reducethepower and

costsometimesassociatedwith a largenumberof smalltransmissions.Theimodulus andioffset

settingsareusedto determinehow long to sleepafteranautorestartsothattheoperatingcyclewill

remainon a regular grid. Given a modulusvaluem andoffset valuen, on an automaticrestartat

time t thesystemwill enterlow powersleepfor

m � n �� t modm�

seconds.t is the numberof secondssincethe epochderived from the controller real-timeclock.

Oncethesystemwakesfrom thissleepit will begin cycling usingtheinterval setting.

TheTattletaleModel8 doesnothaveahardware,batterybackedreal-timeclock(RTC). If power

is interruptedfor morethanafew secondsthereal-timeclockwill becleared(or possiblyevenfilled

with garbage)andthesamplingthatbeginsafteranautomaticrestartwill not returnto theoriginal

grid. The restartprocedureis mainly intendedasa failsafein caseof a softwarebug causingan

exceptionon thecontroller. In thiscasetheexceptionhandlertriesto passcontrolto PicoDOS.All

of the controllerflashcardshave an autoexec.batfile that pointsto a RAM versionof thecontrol

programon theflashcard.WhenPicoDOSrestarts,thecontrolprogramis automaticallystarted.

1.5.4 Software: Datafiles

Two differenttypesof datafilesarecreatedduring the instrumentsamplingprocess.The get data

routinefor eachinstrumentmaywrite to aninstrumentspecificdatafilewith theraw queryresponses

of the instrument(s).The controllerprovides a convenienceroutine that returnsa basefilename

basedon the deploymentstartdateandtime so that all instrumentspecificfiles will have similar

names.Theextensionto this filenamedefinestheinstrumentthatcreatedit: accfor accelerometer,

imt for RS-485ASIMET queries,bdl for Buoy Datalogger, sim for SurfaceInductive Modem,etc.

TheseareASCII files with the responsefrom a singleinstrumentper line. The SIM andRS-485

routinesprependtheinstrumentaddressto theline; theBDL functionprependsa timestampbased

on thecontrollerRTC.

Theseconddatafilecontainstheprimarydatareturnedfrom theinstrumentgetdataroutinesin

acompactformatsuitablefor telemetry. Eachinstrumentreturnsanarrayof 32-bitstructures.Each

32-bit structurerepresentsonevaluethatwill beaddedto thedatafileandtelemetered:

� 5 bits for baseinstrumenttype or class,e.g.,µCat, accelerometer, IMET. 0 is not usedand

1 is reserved for clock or timestampvalues.This allows for up to thirty differentclassesof

instrumentto fit within this framework.
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� 7 bits of instrumentid. Disallowing 0, this permitsup to 127instrumentsof eachclassto be

attachedto thesystem.

� 4 bits for variabletype within the class,e.g., temperature,conductivity, andpressurefor a

µCat,BP, RH, SST, LWR, etc. for an IMET system.0 is not used.This allows 15 different

typesof variablesto bereturnedby eachinstrumentclass.

� 16 bits for thedatavalue.For eachvariabletypewithin aninstrumentclassthesystemmust

have knowledgeof thepossiblerangeof raw valuesthat will be returnedby the instrument

query. Basedon this information the datapackagingroutinesscalethe raw value into an

unsignedshort(maximumvalue65535)andpacktheresultinto two bytes,LSB first.

Clockvaluesaretheexceptionto theserules.Becausethereis only oneRTC,all 27-bitsbeyondthe

5-bit classareusedto storethe time: 6 bits for minute,5 bits for hour, 5 bits for dayof month,4

bits for month,and7 bits for yearspast1900.Clock valuesmarkthestartof the instrumentquery

processfor all datavaluesthatfollow until anew clockvalueis read.They donotrepresentanexact

timestampfor theassociateddata.

Themostrecentlycollectedarrayof 32-bitdataentriescollectedfrom all instrumentsis written

to thecontrollerflashcardafterevery samplingcycle. Dependingon thevalueof thetelemetry

parameter, it mayalsobesentthroughattachedtelemetrydevicesor it maybeheldin a buffer and

sentlaterwhenthenumberof samplecyclesreachesthevalueof telemetry.

Thesenddataroutinesfor thetelemetryperipheralshave theoptionof decodingthepackedbi-

naryformatof thedatafileinto ahumanreadableASCII message(this is alsotheformattedmessage

thatthecontrollerdisplayson theconsoleport). For KernelBlitz, this optionworkedwell with the

high speed,zerocost,lossproneFreeWave transmissions.To conserve bandwidthandincreasethe

likelihoodof gettingmultiplemessagesthroughin casesof backlogtheOrbcommunitswouldhave

transmittedthebinaryformatmessage.

Thisrepresentationfor thedatahastheadvantagethatall informationneededto decodethedata

messagesis alwayspresentwithin themessageitself. This approachwaschosenbecauseit allows

the shoresidedecoderto be written with no knowledgeof the exact instrumentload on a system

andit allows thestructureof themessageto changearbitrarily throughouttheexperiment(e.g.,if

an instrumentdoesnot respondduring a given querycycle or stopsrespondingaltogether).The

disadvantageis that thereis redundantinformationfrom onemessageto thenext in mostcases.In

futureversionsit is possiblethatwhenthestructureof themessagedoesnot changein subsequent

messagestheinstrumentclass,id, andvariabletypeinformationcouldbestrippedbeforetelemetry.

Theclock valuewould beflaggedto indicatethis strippingandonly the16-bit datavalueswould

follow.

31



1.5.5 Software: Commands

Thecontrollercommunicateswith thehostover theconsoleport usingRS-232(9600,N,8,1proto-

col). On startupif theusersendsctrl-c beforethetenseconddelayhaspassedautomaticdeploy-

mentwill be abortedanda commandprompt(the ’ � ’ character)will appear. At the prompt the

commandsdescribedbelow control theoperationandsettingsof thecontrolsystem.Note thatall

commandnamescanbeabbreviatedto their first two lettersandthatcapitalizationof thecommand

doesnotmatter(thoughcapitalizationof argumentsto thecommandmay).

In thecommanddescriptionstheattachedinstrumentsarereferredto in severaldifferentways.

Thelist of all attacheddevicesis hardcodedfor eachversionof thecontroller. It canbedisplayed

usingthelist commanddescribedbelow. To allow programmaticcontrolover thedevicesthatare

actuallyused,instrumentsfrom this list canbemadeavailableor unavailablefor all modesof access

usingtheadd anddel commands.If aninstrumentis madeunavailableit will continueto show up

in thelist output,but it will notbequeriedfor dataor usedfor telemetryin deploymentmode,and

it cannotbemadeactive for usewith any othercommands.

Thecommandsthatoperateon a singleinstrumentall rely on thedefinitionof anactive instru-

mentby thecurrent command.To be madeactive an instrumentmustbe available. Making an

instrumentactive alwaysturns its power on. Other instrumentsmay be poweredsimultaneously.

Making anotherinstrumentactive automaticallypowersoff thepreviously active instrument.Pow-

eringoff theactive instrumentmakesno instrumentactive.

1.5.5.1 Deploymentcontrol commands

clock mm/dd/yyyyhh:mm:ss

Setsthe controllerRTC to the given dateand time. If no argumentis given the

currentRTC valueis displayed.

start mm/dd/yyyyhh:mm:ss

Entersdeploymentmodewith the first wake cycle at the dateandtime specified

by mm/dd/yy hh:mm:ss. If no dateis given thenthe first samplecycle will be-

gin immediately. Beforesamplingis startedall instrumentsarepoweredoff and

settingsfor interval, telemetry, imodulus, ioffset, fsys, theavailability of

instruments,andany auxiliary datastringsthathave beenchangedarewritten asa

commandscriptto thefile param.scron theflashcard.Thiswill restorethesystem

configurationin caseof autorestart.

interval n Setstheinterval in secondsbetweenwake cycles.If non valueis giventhecurrent

settingis displayed.
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telemetry n Setsthenumberof samplecyclesto buffer beforeactivatingthesenddatafunctions

of active telemetrydevices. A valueof 1 meanstelemeterthe dataduring every

wake cycle. If no valueis giventhecurrentsettingis displayed.

imodulus n Setsthe start interval modulusin secondsfor the initial wake cycle following an

autorestart(seesection1.5.3).If novalueis giventhecurrentsettingis displayed.

ioffset n Setstheinterval offsetin secondsfor theinitial wakecyclefollowing anautorestart

(seesection1.5.3).If novalueis giventhecurrentsettingis displayed.

save Savessettingsfor interval, telemetry, imodulus, ioffset, fsys, theavailabil-

ity of instruments,andany instrumentauxiliarydatavaluesthathavebeenchanged

asa scriptfile namedparam.scron theflashcard. This commandis automatically

calledwhenthestart commandis executed.

1.5.5.2 Instrument control and test commands

gather Cyclesoncethroughthe collect data/transmitdatafor all available instruments.

Noneof theresultsarewritten to flashcarddatafiles.Mainly usedfor testing.

list Lists all of theconnectedinstruments,includingwhetheror not theinstrumenthas

get data,senddata,and auxiliary functionsdefined,whetherthe the instrument

is available to be accessedby deploymentmodeor usercommands,whetherthe

instrumentis theactive instrument,andthepower stateof theinstrument.

add instrum Makesinstrumavailablefor accessfor deploymentmodeandusercommands.

del instrum Makes instrumunavailable for accessfor deploymentmodeandusercommands,

essentiallyhidingtheinstrumentfrom thecontrolleruntil anadd instrumcommand

is issued.

current instrum

Make instrumtheactive device for func, fetch, talk, andtransmit commands.

If power to instrumentis off this will turn it on. This will not turn power off to the

previouslycurrentinstrument.Whenaninstrumentis currentthecommandprompt

will changeto ’ instrument� ’.

on instrum Turnspoweron to instrum. If no instrumentis active thiswill make it so.

off instrum Turnspower off for instrum. If instrum is active or instrum is not given this will

power down thecurrentactive instrumentandmake no instrumentactive.
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fetch Executethegetdataroutinefor thecurrentactive instrumentandprint theresults.

Theinstrumentmusthave agetdatafunctiondefinedof course.Nothingis written

to flashcarddatafiles.

transmit [-f filename | -s string]

Executethesenddataroutinefor thecurrentactive instrument.If the -f option is

usedthefile on theflashcardgivenby filenamewill be transmittedby calling the

senddatafunction with sequential512-byteblocksof the file. If the -s option is

used,string will besentin asingletransmission.

talk logfile Entersterminalmode(callstheterminalfunction)for thecurrentactive instrument,

providing a directmeansof communicatingwith thedevice. Sendingctrl-D will

endthe terminalfunctionandreturnto thecommandprompt. If a logfile nameis

specifiedthenadiary of thesessionwill besavedto theCF cardin logfile.

func args Callstheauxiliary functionfor thecurrentactive instrumentwith argumentsgiven

by args. Mostauxiliary functionswill print ahelpmessageor default settingsif no

argumentsaregiven. Instrumentdefinitionsthathave auxiliary functionsare:

accel � func change nsamplesnfft

Changesthenumberof samplespercycleandthenumberof points

in eachwindowedFFTusedto calculatethespectrum.If nsamples

andnfft arenotgiventhecurrentvalueswill bedisplayed.
� func test [g|t] [c|v|G] nsamples

Display nsamplesof raw accelerometeroutput over the console

port in [g]raphicalor [t]abular format,in unitsof [c]ounts,[v]olts,

or [G]s. Pressingany key on theconsolewill abortthetest.

UAM � func test

On aslave UAM thiswill call theUAM sendfunctionwith a256-

bytearrayfilled with values0 to 255. On a masterUAM this will

generateanuplink requestandput theUAM into a loop to receive

this data. The array requiresthreepackets of threeframeseach

to betransmitted.Thecommandshouldbeexecutedon theslave

beforeit is runon themaster.

UWM � func cmd value

Emulatesexecutingthe LinkQuestprovided DOS commandcmd

with (for set commands)an argumentgiven by value. Most,

but not all LinkQuestcommandprogramsareemulated.cmd can

be oneof: set wp, get wp, set mode, get mode, get ver,
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set tadr, get tadr, set oadr, get oadr, set pow, get pow,

mdm rst. SeetheLinkQuestmanualfor usagedetailsof thevar-

ious commands.Note that like the original DOS programs,the

actualsettingof aparameterwithin asetprocedureis precededby

amodemreset.

SIM � func
Displaysthecurrentinductive addressstring.
� func change addressstring

Changesthe list of inductive instrumentaddressesqueriedby the

SIM. addressstring is a characterstring consistingof addresses

concatenatedtogetherwith no spaces.The inductive addressis

constructedfrom a two letter prefix and the two digit inductive

id. Valid prefixesareST(SontekArgonaut-MD),AB (a-Betacon-

nectedtoanSBE-44UIM), MC (SBE-37µCatCT sensor),andMP

(SBE-37µCatCTPsensor. Example:“MC01MP02ST41AB22”.
� func restore

Restorestheoriginal addressstringhardcodedin thecontrolpro-

gram.

imet � func
DisplaysthecurrentRS-485busaddressstring.
� func change addressstring

Changesthelist of RS-485addressesqueriedby thecontroller. ad-

dressstring is a characterstring consistingof addressesconcate-

natedtogetherwith no spaces.Thebusaddressis thesameasthe

ASIMET moduleaddress.Example:“WND01LWR01SWR01BPR01”.
� func restore

Restorestheoriginal addressstringhardcodedin thecontrolpro-

gram.
� func dump

For eachmodulein the bus addressstring attemptsto dumpthe

module data using #addrL (to get the numberof full records),

#addrFR andsequentialcarriagereturnsto get thedata,andX to

terminatetheprocess.Theoutputis savedto afile namedaddr.dat

on thecontrollerflashcard.

bdl � func dump

Attemptsto dumptheloggerflashcardusing#FS(to getthenum-

berof full records),#FRandsequentialcarriagereturnsto getthe
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data,andX to terminatetheprocess.Theoutputis saved to a file

namedBDLdump.daton thecontrollerflashcard.

orbcomm � func [clear|no] [burn|no] [wait|no]

Displaysthenumberof messagescurrentlyin theoutgoingqueue

andwhethera satelliteis currentlyin view. Optionallyclearsthe

outgoingqueue.If a satelliteanda gateway arein view thegate-

wayID canbeburnedinto controllerEEPROM asthedefaultgate-

way to usefor outgoingmessages(not recommended).If no gate-

way is in view thenthefunctioncanwait for oneto becomeavail-

able,displayingits ID whenfound,andif desiredburning the ID

into controllerEEPROM asthedefault.

1.5.5.3 Systemcommands

sleep n Enterslow power sleepmodefor n seconds.Sendingtwo consecutive ESCvalues

will terminatethesleepprematurely.

timeout n Setsthe consoleinactivity timeout in seconds. If no value is given the current

settingis displayed.A valueof 0 disablesthe inactivity timeout. If thecontroller

doesnot seeany activity on the consoleserialport in n seconds,it will enteran

infinitely long low power sleep. To wake the systemsendtwo consecutive ESC

values.

echo on � off Setstheduplex (local echomode)for consolecommunications.

system cmdargs

ExecutesthePicoDOScommandgivenby cmdwith command-lineargumentsargs.

script filename

Executesall commandsin thefile givenby filename. Thisfile mustbestoredonthe

controllercompactflashcard.Scriptfilescanconsistof any valid list of commands,

oneperline.

fsys freq Setsthesystemclock frequency.

tom8 Exit to theTattletale’s TOM8 monitor.

dos Exit to PicoDOS,the compactflash operatingsystem. Before exiting any au-

toexec.batfile on theflashcardis renamedto autoexec.bak.

reset Rebootandrestartprogram(if runningfrom TT8 flash)or PicoDOS(which may
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have an autoexec.batfile which loadsthe controllerprogramfrom flashcardinto

TT8 RAM).

help Displaysahelpmessagelisting all commandswith brief descriptions.
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Part 2

Data

2.1 Temperatureand salinity

2.1.1 Temporal variability

Over the courseof the experimentboth temperatureandsalinity profilessteepened.The combi-

nationof heatingat the surfaceandcooling at the bottomthat contribute to this steepeningis an

annualphenomenonin this area[5]. Figure 2.1 shows the meanT and S profiles for January–

February, March–April, andMay–Junefor the periodfrom 1985–2001at CalCOFIstation90.28,

nearthe mooring site. The March–April period clearly representsa transitionfrom well mixed

winter conditionsto morestratifiedspringandsummerconditions.

Consistentwith theseclimatologicalresults,theexperimentaltemperaturedatashow a marked

heatingat the surfaceandcooling at the bottom(figures2.2 and2.3). Surfacesalinity remained

roughlyconstant,but thereis amarkedincreasein bottomsalinityover the20dayexperiment.

The evolution of the temperatureandsalinity structureover the courseof the experimentare

shown in figures2.4 and2.5. The slow, persistentintrusionof relatively cold, salty wateralong

the bottom is clear in thesefigures. One possibleexplanationfor the intruding bottom water is

upwelling. Currentand(to a lesserdegree)wind dataaresuggestive of upwellingconditions(sec-

tions2.2 and2.3). That this watermaybecomingfrom offshoreis alsosupportedby contoursof

temperatureandsalinity from CTD caststakenby navy shipsduringKernelBlitz 2001.Figures2.6

and2.7show temperatureandsalinity from theoffshoresectionof CTD castsshown in figure2.9.

Thisoffshoresourcecanalsobeseenin datafrom CTD stationsalongCalCOFIline 93(figure2.8)

takenduringFebruaryandMarchin theperiod1985–2000(figures2.10and2.11).

On shortertime scalesthevariability is predominantlydiurnal(atmosphericforcing) andsemi-

diurnal(tidally driven). Thesemi-diurnalvariability is evident in theregularspikingat thesurface
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Figure2.3: Temperatureandsalinity profiles from the mooring line SBE-37andSBE-39instru-

mentsat thebeginningandendof thedeploymentperiod.
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Figure 2.4: Contoursof temperaturefrom the

ASIMET SBE-37,sevenmooringline SBE-37s,

andthirteenSBE-39instruments.
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SBE-37instrumentson thesurfaceandsubsur-

facemoorings.
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Figure 2.6: Contoursof temperaturealong an

offshoresectionof CTD stationstaken by navy

shipsduringKernelBlitz 2001.
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Figure2.7: Contoursof salinity alongthesame

sectionasin figure2.6.
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Figure2.9: CalCOFIline 93 CTD stations.
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Figure 2.11: Contoursof salinity along Cal-

COFIline 93for FebruaryandMarchduringthe

period1985–2000.
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Figure2.12:Unfilteredtime-seriesof salinity from thesevenmooringline SBE-37instruments.

andbottomin figures2.4and2.5. Atmosphericallyforcedvariability is primarily evidencedby the

diurnal heatingandcooling at thesurfacein figure 2.4. Someof this variability canbe predicted

from thesurfacemeteorologicalmeasurements(seesection2.2).

Energy at frequencieshigher than semi-diurnalappearsto be predominantlydue to internal

wavesandis highly depthandtime dependent.Figure2.12shows theunfiltered(30-seconddata)
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Figure2.13:Integratedspectralenergy above48

CPD in the salinity datafrom the mooringline

SBE-37s.
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Figure2.14: Contoursof verticaldensitygradi-

entcomputedusingmooringline SBE-37data.

time seriesof salinity from all of the mooringline SBE-37instruments.Therearelong burstsof

high frequency energy in thesesignalsthatappearto moveupwardsthroughthewatercolumnover

the courseof the experiment. This energy is tracked quantitatively in figure 2.13 which shows

the integratedspectralenergy in thesalinity signalfor frequency contentabove 48 cyclesperday

(CPD).The depth–timelocationsof the high frequency energy correspondwell with the maxima

in the vertical densitygradient(figure 2.14). As cold, salty water intrudesalongthe bottom,the

densityinterfacemovesupwardsin thewatercolumn.Becausetheinternalwavesaresupportedon

this interface,thehigh frequency internalwave energy movesupwardsaswell.

2.1.2 Spatial variability

Figure 2.15 shows one of the relatively few clear AVHRR imagesacquiredby the CoastWatch

West Regional Node (http://cwatchwc.ucsd.edu) during the exerciseperiod. Within the exercise

areathereis patchyvariability of approximately1� C. Thispatchinessis alsoevidentin theoffshore

temperatureandsalinity sectionsin figures2.6 and2.7 andin alongshoresectionsalsofrom CTD

caststaken by navy ships(figures2.16 and2.17). Strongvertical stratificationis alsoevident in

both offshoreandalongshoredirections.Note that theseCTD dataarenot quality controlledand

werenot taken in any temporallyor spatiallyconsistentway. Thestationlocationsfor thesections

areshown in figure2.8.

Basedon a seriesof previous experimentsin this area[2, 4] it is possibleto characterizethe

typical lengthscalesfor currentandtemperaturesignals.Table2.1showsthecoherentlengthscales

(definedroughly as the separationover which the signalat two spatialpointsremainscorrelated

at a level greaterthan0.5) in the along-andcross-shoredirectionsfor currentsandtemperature.
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LF: 0 – 0.6cpd IF: 0.6– 12cpd

u v T u v T

al
on

g Winter � 2 � 5 25 � 60 5 5 � 2 � 5
Spring � 7 � 50 � 50 � 7 � 7 10

Summer � 7 30 � 50 � 7 � 7 10

cr
os

s Winter 3 10 10 3 5 � 2 � 5
Spring 3 10 10 3 5 � 2 � 5

Table2.1: Alongshoreandcross-shorecoherentlengthscales(km) for cross-shore(u) andalong-

shore(v) currentsand temperature(T) from mooredcurrentmeterarraysdeployed betweenDel

Mar andSanClemente,CA in 1980and1983[2,4]. Summerobservationsarefrom the1980exper-

iment;springandwinter from the1983experiment.Therewerenocross-shoresitesin 1980.Table

reproducedfrom Lentz[2], Table6.

In general,thealongshorecoherentlengthsarelongerthancross-shorelengths,andlow frequency

signalsaremuchmorehighly correlatedover distancethanintermediatefrequency signals.Signals

with frequencieshigher thanthe intermediatebandshown herewereuncorrelatedat the shortest

lengthscalesconsideredin theseexperiments.Thesescalescanprovide guidanceasto thepossible

spatialextentof signalsobservedat themooringsite.

2.2 Meteorology

Hourly averagedtimeseriesof all of themeteorologicalvariablesareshown in figures2.18through

2.21.Precipitationdatais not shown becauseno precipitationwasobservedduringtheexperiment.

Conditionswere foggy and hazy for most of the experimentand this is reflectedin the relative

humidity data(figure 2.18). Thereis a very moderatewarmingtrend in both air andseasurface

temperature.As previously indicatedthe alongshorewinds weremarginally upwelling favorable,

with ameanvalueovertheentireexperimentof -0.45m/s.Windandwaveconditionswererelatively

calmthroughouttheexperiment(figure2.20).

Incoming longwave andshortwave radiationareshown in figure 2.21. The bottompanelof

figure 2.21shows thenet heatflux(positive into theocean),calculatedusingTOGA COARE for-

mulations[1]. Thenetaverageflux over the entireperiodwas91 W/m2. Thecalculatedheatflux

canbe usedin a 1-D upperoceanmodel[3] to hindcastthe surfaceheatingseenin the SSTdata

(figure 2.22). While the overall warmingtrendis predictable,themodeldoesnot capturethe full

rangeof diurnal variability, particularlybeyond a few dayspastthe initialization. Also, because
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Figure2.18: Hourly averagedrelative humidity andair temperaturefrom theASIMET HRH mod-

ule; seasurfacetemperaturefrom theASIMET SBE-37.
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Figure2.19: Hourly averagedbarometricpressureandalongshoreandcross-shorewind velocity,

computedusinga coastlineorientationof 60� westof north. Alongshorewind is positive upcoast;

cross-shorewind is positive oncoast.
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Figure2.20: Hourly averagedwind speed(from theASIMET system)andsignificantwave height

from thetri-axial accelerometeron thesurfacebuoy.
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Figure 2.23: PWP modeledtemperaturecon-

tours.

of themarkedsemi-diurnalvariability andtheslow intrusionof cold, saltywateralongthebottom

seenin figure2.4,themodelpredictionis very poorover thefull watercolumn(figure2.23).

2.3 Curr ents

Currentdataatthemooringsiteis availablefrom thethreeSontekArgonaut-MDsinglebin acoustic

dopplercurrentmeters(two on thesurfacemooring,oneon thesubsurfacemooring).For plotting,

hourlyaveragedvaluesof east,north,andupcurrentswerecomputed.Thesehourlyaveragedvalues

werethenrotatedinto alongshoreandcross-shorecomponents,accountingfor the13� 35� magnetic

declinationat thesite. Thecoastlinewasassumedto beorientedalong120� – 300� . Theaveraged,

rotatedcomponentsareshown in figure2.24.

As mentionedabove, thelargeoffshoreflow at thesurfacemaybeindicative of upwelling.The

mostinterestingsignalin thecurrentdata,however, is thelarge,low frequency, downcoastpulsein

thealongshorecurrentthatpenetratesfrom nearsurfaceto at least23m. A possibleexplanationfor

thepulseis acoastaltrappedwave.
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Figure2.24: Hourly averagedcross-shore,alongshore,andup currentsat 6 m, 23 m, and51 m

depths.Alongshorecurrentsarepositive upcoast,cross-shorecurrentsarepositive oncoast.

2.4 Optical properties

The a-Betainstrumentson the mooring lines measureoptical backscatteringand transmissionat

532 nm. The raw transmissionvaluesareusedto calculatea diffuseattenuationcoefficient, KL,

which is inverselyproportionalto visibility with a proportionalityconstantof approximatelytwo

(HOBI Labs,personalcommunication).Adding thepurewaterattenuationat 532nm 0.045m� 1,

theformulafor visibility is

V � 2
KL � 0 � 045

� (2.1)

Thesevisibility valuesare plotted at the three depthsin figure 2.25. Figure 2.26 shows visi-

bility calculatedfrom the nearsurface a-Betaalong with surface visibility calculatedfrom the

SeaWiFS satelliteimageryby researchersat the Naval ResearchLaboratory(OceanOpticsCode

7333,http://www7333.nrlssc.navy.mil/ocolor/Exercises/kernal blitz2001/kbindex.html). TheNRL

visibility calculationusesdatafrom theSeaWiFS 555nm band(20nm bandwidth).

From theseresults,visibility at the mooringsite wassubstantiallybetterthanwhat operators

werereportingfor nearershore,very shallow water(VSW) siteswithin theexercise.Thevisibility

calculatedfrom thenearsurfacea-Betais in generallowerthanthatfrom theSeaWiFS555nmband

imagery. The2 K formulationfor calculatingvisibility is anapproximationbasedon theanecdotal

experienceof HOBI Labsresearchers.It is not basedon HOBI Labsmoreformally andrigorously
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Figure 2.26: Near surface a-Betaand surface

SeaWiFSvisibility. Theshadedgrey arearepre-

sentsthe ! 20%error barson thea-Betavalue.

Datafor theSeaWiFSvisibility wasextractedby

digitizing thebitmappedimageavailableon the

NRL websitecitedin thetext.

developedDiVA (DistanceVisibility Algorithm).
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