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A Compact CoastalOceanObserving
Systemfor Kernel Blitz 2001

Jason. Gobat,RobertA. Weller, BryanS. Way,
Jefrey Lord, Mark Pritchard,andJasorSmith

Abstract

In thisreportwe describea compacteasilydeplo/ed, mooredsystentor oceanographiandmeteo-
rologicalobsenrationsin thecoastabcean . Thesystenctonsistof asurfaceandsubsurdcemooring
pairdeplo/ed adjacento oneanother Comparedo asinglecatenarysurfacemooring,thisarrange-
mentallows the entirewatercolumnto beinstrumented All of theinstrumentsn the systemlog
high resolutiontime seriesdata. Additionally, the mooringline instrumentsperiodicallyreportav-
erageddatato the buoys via inductve modems.On the subsuricemooring, this averageddatais
sentto the surfacebuoy usinganacousticnodem.Inductively coupledmooringline instrumenta-
tion includesconductvity, temperatureand pressuresensorsacousticcurrentmeters,andoptical
backscatteringind absorptionsensors.In additionto mooringline instrumentsthe surface buoy
collectsaverageddatafrom meteorologicasensorsincludingwind speedanddirection,barometric
pressurerelative humidity, air temperatureprecipitation,longwave and shortwave radiation,sea
surfacetemperatureind conductvity, andwave heightandperiod. Datafrom both mooringlines
andfrom thesurfacemeteorologicasensorss telemeteredo shorevia line-of-sightradioandsatel-
lite. Theentiresystemjncludingbuoys, mooringsjnstrumentslaunchandrecovery gear telemetry
receve, anddataprocessingacilities canbe pacled into a single 20 foot shippingcontainer The
systemwassuccessfullydeplo/edto provide ervironmentalmonitoringfor 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 OceanProcessegUOP) Group of Woods Hole Oceanographidnstitution deploed two

mooringsandshipboardnstrumentatiorio provide ervironmentalmeasurementd.his effort wasa
follow-up to aneffort by UOPin supportof GOMEX-99-2/MIREM-9off CorpusChristi, Texasin

Septembet999. Thateffort involved a shipboardmeteorologicabystemandonesurfacemooring
with watercolumntemperaturesalinity, and currentinstruments.Therewasno real-timeteleme-
try of data. Basedon feedbackfrom Navy operatorsfollowing that exerciseand internal UOP
developmentobjectives, the ideabehindthe Kernel Blitz effort wasto deplg a significantly en-
hancedsystem,including real-timetelemetry optical measurement#creasednstrumentdensity
andmeasurementver thefull watercolumn.An overview of thesystendesignedo provide these
enhancements shavn in figure1.1.

The observingsystemdeplo/ed for Kernel Blitz 2001 consistedof a suriace and subsurce
mooringpair deplo/ed side-by-side This arrangemendllows the entirewatercolumnto beinstru-
mentedwith simple,easyto deplay mooring configurations.The surfacemooringwasa catenary
configurationwith instrumentsdown to about40 m in 55 m waterdepth. The subsurdcemooring
wasatautmoor, 25 m long, with instrumentsover the bottom15 m. Mooring diagramsareshavn
in figuresl.2andl1.3.

Instrumentson the mooringsincludedconductvity, temperatureand pressuresensorssingle
bin acousticcurrentmeters,and optical backscatteringand absorptionsensors. All instruments
wereinternallyrecording.Additionally, mary of themooringline instrumentperiodicallyreported
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Compact ASIMET
tower: bpr, hrh, prc,
Iwr, wind, swr.

Bow mast ASIMET Compact coastal met buoy:
tem: bpr, hrh, prec, telemetry controller (acoustic,
Isvyvsr’ win:? swr. 2 inductive, satellite, and radio),
wave motion sensor, and

central datalogger.

Subsurface float with

integral line release

recovery mechanism
HOBI Labs a-Beta with
Sea-Bird SBE-44
inductive modem.
Measures absorption,
backscatter and
attenuation coefficient
every hour. Attenuation
is used to calculate an
estimate of visibility.

Subsurface inductive and
acoustic modem controller

and datalogger Sea-Bird SBE-39
internally logging
temperature recorder.

Records 1 sample
every 30 seconds.

O Sontek Argonaut MD
Current Meter

© HOBI Labs a-Beta attenuation
and backscatter

@ Sea-Bird SBE-37 CT
O Sea-Bird SBE-37 CT and pressure
@ Sea-Bird SBE-39 T

Sea-Bird SBE-37 with
integral inductive modem.
Sontek Argonaut-MD Measures temperature,
acoustic current meter conductivity, every 30
with integral modem. seconds. Some have
Measures 3D current pressure sensors.
every 60 seconds.

Figurel.1: Overview of the ervironmentalobservingsystemdeplo/edfor KernelBlitz 2001.

averageddatato the buoys via inductive modems.On the subsurdce mooring, this averageddata
wassentto the surfacebuoy usinganacoustiomodem.

Meteorologicalinstrumentatioron the surfacebuoy includedglobal positioningsystem(GPS)
position, wind speedand direction, barometricpressureyelatve humidity, air temperaturepre-
cipitation, longwave andshortwave radiation,seasurfacetemperaturendconductvity, andwave
heightand period. Hourly averagedvaluesfrom theseinstrumentsalongwith the averageddata
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sn 624, id #20
® HOBI Labs a-Beta attenuation and backscatter
sn 035
(W sea-Bird SBE-37 CT sn 039 shackle-ring-shackle )
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B Sea-Bird SBE-37 CT and pressure
shackle-ring-shackle

sn 046 55 m shackle-ring-shackle
45 m 3/8" wire
sn 683, id #03
sn 208, id #41 355
sn 047
sn 625, id #21 -~ 25 m 39.0 sn 101
2 m 1/2" chain sn 685, id #04

55 m

sn 054

42.5 n{ll sn 686, id #06
sn 051 24 m 3/8" wire
46.0 n{J sn 102
sn 671, id #05
49.5 nfll sn 684, id #07
sn 053 51.0 nP> sn 197, id #42
53.0n{Jsn 103
54.0 nf® sn 626, id #22
swivel, etc.
2 0.5m 3/8" chain

swivel, etc.

shackle-ring-shackle shackle-ring-shackle
| - SBmafZ el
L \

500(wet) 583(dry) Ib anchor

WHOI Kernel Blitz '01 Surface Mooring WHOI Kernel Blitz '01 Subsurface Mooring 332048 N, 117 36.59 W
Rev 1.1: 8 Feb 01 3320.41N, 117 36.47 Rev 1.1: 8 Feb 01 250 yds NW of Surface Mooring

Figurel.2: Diagramof the surlacemooring. Figurel.3: Diagramof the subsurdcemooring.

from themooringline instrumentationyweretelemeteredo shorevia line-of-sightradio. A similar
telemetrysystemandmeteorologicasuite(minusthe precipitationsensor)wasinstalledon the bow
mastof RV New Horizonwhichwasoperatingn theareathroughouthe KernelBlitz 2001exercise.

The location of the mooringsis shavn in figure 1.4. The surface mooringwas deplo/ed at
33°20.41 N, 11736.47 W, the subsurhcemooringwasdeploed at 33°20.48 N, 11636.59 W
(250 yds NW of the surfacemooring). Waterdepthat both siteswas55 m. The mooringswere
deplogred on 11 March 2001 andrecoreredon 30 March 2001. Both operationswvere conducted
from RV New Horizon

The original experimentalplan calledfor bothline-of-sightradio andsatellitetelemetryof the
datafrom the shipboardandbuoy basedsystems.Due to uncertaintiesegardingthe stateof the
satelliteserviceprovider at the time of deploymentthe decisionwas madeto useonly the radio.
Priorto leaving thedockon 11 March2001bothradiosystemavererunningwell. Aroundthetime
thattheship’s enginesverestarted however, radiocontactwith bothsystemavaslost. Immediately
following deploymentof thesurfacebuoy onedatapaclet wasreceved from the surfacebuoy.

On 12 March 2001 the main receve stationwasinstalledat the US Army Resere Centerat
thesoutherrendof CampPendletoriMarine CorpsBase approximately24 km dovncoastrom the
mooringsite. A radio repeatemwasinstalledon the ACU-5 (AssaultCraft Unit 5) control tower
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Figure 1.4: Map of the Kernel Blitz 2001 exercisearea. The mooring site is indicatedby the
encircledM.

approximatelyl7 km downcoastfrom the mooringsite. No datawasreceved throughoutthe day
on 12 Marchnorwasanything receved from amobile stationestablishedh thelate afternoornon a
high bluff 6 km from the mooringsite.

The surface buoy was visited via small boaton the morning of 13 March. Througha direct
consoleconnectionwith the surfacebuoy controllerit was determinedhat all systemswere op-
eratingasexpected. The radio link to a mobile recever on the boatworked well. Basedon this
informationa secondepeatemwasestablishean abuoy mooredapproximately200m southof the
surfacemooring. Theantennaon this repeatebuoy hadmoreheightandwasnot obstructedy ary
tower or maststructurecomparedo the surfacebuoy. The new repeatemasinstalledvery closeto
the original mooringsto minimize problemsdueto its statusasanunplannedunbroadcashazard
to navigation. Theinitial repeatebuay simply containeda batteryconnectedlirectly to a radioso
thatit wasalwayson andrepeating.n this configurationit hada batterylife of approximatelyfive
days.On 17 Marchtheinitial repeatebuoy wasswappedoutfor aunit thatincludeda controllerto
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power switchtheradioon a 50% duty cycle (on aroundthe expectedtime of transmissiorirom the
surfacebuoy) anda capacitydoubledbattery

Following this improvisationthe radio link backto the main receve stationdid operatesuc-
cessfully Throughoutthe experimenttherewere periodswhenno datawasreceved, likely due
to ervironmentalconditions(haze)and possiblyblockageor interferencecausedoy ships. Of the
452 hourly datasetstransmittecdafterthe surfacebuoy wasdeplo/edon 11 March,301(67%)were
receved at leastpartially, and221 (49%)werereceved completely After recorery it waspossible
to analyzethe successatesof the inductive and acousticlinks aswell. The inductive telemetry
from all instrumentn bothmooringsperformedwith 100%successOf 449 datasetstransmitted
acousticallyfrom the subsurdcebuoy to the surfacebuoy, 416 (93%)weresuccessfullyeceved.

1.2 Buoy descriptions

1.2.1 Surface

The surfacebuoy wasa modifiedNOPP(internal WHOI designationhull with a 1.07 m diametey
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 customizedyery compactuiteof ASIMET (Air Sealnteraction- Meteorology)instruments
(figure1.5). A secondight baywasaddedo provide roomfor connectorsThemooringattachment
framethatconnectghebuoy tubeto themooringwaslengthenedndstrengthenetb provide room
to mountthe acousticmodemhydrophone as well as modified to have an integral clevis style
attachmenpointfor achain/wiremooring. Theinstrumenteduoy keel(tubeandattachmentrame)
is shavn in figure 1.6. Leadballast(approximatelyl 35 kg) wasaddedto the keeltube sothatthe
buoy would be stablefloatinguprightwith no mooringattachedTheleadwasmountedonthreaded
rod which scravedinto the clampsnormally usedfor zinc anodes.

1.2.2 Subsurface

The subsuracebuoy wasa LOCOMOOR (internal WHOI designation}uoy consistingof an Ed-
geTechPop-UpRecwery Systemwith AM200 acoustiaeleaseandaWHOI designedrameto hold

eightadditionalplasticspheregfigure 1.7). This arrangemenprovided a netbuoyang/ of 620 N.

To reducemooringtilt in strongcurrentsa 17-inchglassspheravasaddedo the chainimmediately
below the subsuracebuoy to provide additionalflotation.

The controllerand modemsfor the subsurédce mooring were housedin a pressurecasethat
wasclampedinto aninline cagebeneaththe subsuracebuoy. The cagedesignwasbasedon the
standardd.25m squareWHOI VMCM (Vector MeasuringCurrentMeter) cage,shortenedo an

11



Figure 1.5: Surface Figurel.6: Instrumenteduoy keelandmooringattachmenframe.
buoy tower prior to re-
covery.

Figurel.7: LOCOMOORbuoy used Figure 1.8: The subsuréce pressurecaseand instrument
onthesubsurdcemooring. cagewith UAM transducemounted.

overall lengthof 1.27 m and constructedf 3/8-inchtitanium rod ratherthan 3/4-inch stainless.
The cageand clampsalonehave a massof 6.8 kg anda wet weight of 51 N. With endcapsthe
PVC pressurecaseis 0.64m long, 0.19m outsidediameterandhasa mass(with no electronicsor
batteries)pf 7.7 kg. Thecageandcaseareshavn in figure 1.8.

12



instrument id depth variables samplingscheme

HRH501 01 Ta, RH BDL logsevery 60 s, mostrecentsampleusedfor hourly telemetry
PRC501 01 precip BDL logsevery 60's, mostrecentsampleusedfor hourly telemetry

2 LWR501 01 Quw BDL logsevery 60's, mostrecentsampleusedfor hourly telemetry

a SWR501 01 Qsw BDL logsevery 60s, mostrecentsampleusedfor hourly telemetry

3 WND343 01 We, Wh BDL logsevery 60's, mostrecentsampleusedfor hourly telemetry

g BDL L11 BP loggedevery 60 s, mostrecentsampleusedfor hourly telemetry

2} SI134103A0380A00747 01 Hs, Tp 8192samplesat 10 Hz samplechourly to computewave spectrum
KX-G71019ABDE207206 lat, lon hourly GPSfix
SBE-37SM1419 01 0.5 T,C BDL logsevery 60 s, mostrecentsampleusedfor telemetry
SBE-390007 1 T internallylogsevery 30s
SBE-37IM670 01 7 T,C P internallylogsevery 30's, hourly averagefor telemetry
SBE-37IM669 02 14 T,C internallylogsevery 30's, hourly averagefor telemetry
SBE-37IM683 03 21 T,C internallylogsevery 30's, hourly averagefor telemetry
SBE-37IM685 04 28 T,C internallylogsevery 30's, hourly averagefor telemetry
SBE-37IM671 05 35 T,C, P internallylogsevery 30's, hourly averagefor telemetry
SBE-390035 4 T internallylogsevery30s
SBE-390039 6 T internallylogsevery30s

E’ SBE-390044 9 T internallylogsevery30s

§ SBE-390045 11 T internallylogsevery 30s

% SBE-390046 18 T internallylogsevery 30s

E SBE-390047 25 T internallylogsevery 30s

% SBE-390051 32 T internallylogsevery 30s
SBE-390053 39 T internallylogsevery30s
ArgonautD171 40 6 Ve, Vo, Vu, T logs60savgsof 1 Hz pings,hourly avg of 1 minutedatafor telemetry
ArgonautD208 41 23 Ve, Vn, Vu, T logs60savgsof 1 Hz pings,hourly avg of 1 minutedatafor telemetry
a-Betab24/ 3 a, K., B P 10samplesn hourly 100s burst, hourly telemetrygetslastsampleof burst
SBE-4418 20
a-Beta625/ 27 a, KL, B P 10samplesn hourly 100s burst, hourly telemetrygetslastsampleof burst
SBE-4419 21
SBE-37IM686 06 42 T,C internallylogsevery 30's, hourly averageusedfor telemetry

< SBE-37IM684 07 49 T,C, P internallylogsevery 30's, hourly averageusedfor telemetry

5 SBE-390054 35 T internallylogsevery 30s

g SBE-390101 39 T internallylogsevery30s

§ SBE-390102 46 T internallylogsevery30s

5 SBE-390103 53 T internallylogsevery30s

8 ArgonautD197 42 51 Ve, Vn, Vu, T logs60savgsof 1 Hz pings,hourly avg of 1 minutedatafor telemetry

3 a-Beta626/ 54 a, KL, B P 10samplesn hourly 100s burst, hourly telemetrygetslastsampleof burst
SBE-4420 22
BPR204 02 BP internallylogsevery 60 s, mostrecentsamplefor 5 minutetelemetry

§ WND207 02 We, Wh internallylogsevery 60 s, mostrecentsamplefor 5 minutetelemetry

5 SWR211 02 Qsw internallylogsevery 60 s, mostrecentsamplefor 5 minutetelemetry

§ LWR213 02 Qw internallylogsevery 60 s, mostrecentsamplefor 5 minutetelemetry

% HRH213 02 Ta, RH internallylogsevery 60 s, mostrecentsamplefor 5 minutetelemetry
KX-G71019ABDE206993 lat, lon GPSfix every 5 minutes

Table1.1: Shipboardsurface,and subsurdceinstrumentdetails. Shipboardand surfacebuoy in-
strumentids are RS-485addressesSurfaceand subsurice mooringinstrumentids areinductive
modemaddresses.

1.3 Description of the instrumentation

A summarytable of detailsfor all instrumentss providedin table 1.1. Additional detailsabout
power, samplingschemeandmechanicamountingareprovidedbelown. Detailsaboutsysteminter
connectionandbulkheadconnectodetailsfor both surfaceandsubsurbcemooringsareprovided
ontheblock diagramin figure 1.13.
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Figurel.9: SBE-370nmooringwire. Figurel.10: SBE-390n mooringwire.

1.3.1 Temperature, conductivity, and pressue

Mooring line temperatureconductvity, and pressuranstrumentsvere SBE-37(T, C, andsome-
timesP) andSBE-39(T only) instrumentsnanugcturedby Sea-BirdElectronics.The seven SBE-
37 instrumentson the mooringlines (5 surface, 2 subsurice)hadintegral inductve modemsand
reportedhourly averageddatato the buoys. Threeof theseinstrumentg(sn 670 and 671 on the
surfaceandsn 684 onthesubsurfice)hadpressuresensorsvith afull scalerangeof 100 psia.

The SBE-37 mountedon the buoy keel was part of the ASIMET meteorologicalkystem:;it
communicatedvith theIMET dataloggewvia RS-485anddid notinternallylog. ThethirteenSBE-
39instrumentg9 surface 4 subsuréce)internallyloggedtemperaturenly. Thesamplentenal for
internallyloggeddataon all SBE-37and-39 instrumentsvas30 seconds.

Mooring line SBE-37sderived power from standardSea-Birdinternal lithium batterypacks.
SBE-39swere poweredby internal 9-volt alkaline batteries. The ASIMET SBE-37waspowered
throughthe ASIMET logger/controllerwhichin turn waspoweredby buoy primarybatteries.

Mooring line SBE-37svereclampedo themooringwire usingtheintegral clampsasshavn in
figure 1.9. Mooring line SBE39swere clampedto the mooringwire usinga PVC clampingblock
asshavn in figure 1.10. On the keelthe SBE-37wasattachedusinga PVC clamparoundthe keel
tube.The SBE-39wasclampedo the mooringattachmenframeusinga clampsimilar to thatused
for mooringline SBE-39s.The positionsof thekeelmountednstrumentsaareshavn in figure 1.6.

All inductive (mooringline) SBE-37geturnedlL00%of datatelemetere@ndinternallyrecorded.
All conductvity datafrom the IMET SBE-370n the buoy keel wasanomalouslyhigh relative to
otherinstruments An evaluationandpost-calibratiorby Sea-Birdrevealedthata failure of analog
componentsn the instrumentintroduceda bias. Thesedatashouldbe discarded. The pressure
datafrom SBE-37671is baduntil after 20 March. All SBE-39sexceptfor sn 103 at the bottom
of the subsurace mooring returned100% of data. The recordfor instrument103 stopsshort, at
approximatelyl800UTC on 26 March, possiblydueto a batteryunderwltage.
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Figurel.11:a-BetaandSBE-44clampedon mooringwire.

1.3.2 Optical backscatteringand attenuation

The optical instrumentson the surface and subsuriice mooringswere a-Betasmanugcturedby
HOBI Labs.For inductive communicationshey werepairedwith Sea-BirdSBE-44Undervaterin-
ductive Modems(UIMs). Figurel.11shavs ana-Betawith PVC clampsandSBE-44with integral
inductive clampson mooringwire. The two instrumentscommunicateover the connectingcable
viaRS-232.TheUIM providestranslationbetweerthis RS-232link andinductve communications
comingdown from the buoy inductve modemcontrollers.

Prior to deployment, the firmwarein all three a-Betaswas upgradedrom v1.39to v1.40in
RAM (not Flashso the changewas not permanent).This upgradefixed a bug that causedhe a-
Betasto occasionallyhangand quit respondingafter a hibernationperiod. The firmwareupgrade
was also modified so that ratherthanthe normalwake sequencéEnterkey, Enterkey, sampling
immediatelystarts)the sequenceenterkey, d key would print the mostrecentlysamplediine of
dataandimmediatelyreturnthe instrumentto its regular sleepschedule.This changeallowed the
systemcontrollerto querythe a-Betafor datawithout waking the a-Betafully, allowing for more
independenbperationsbetweerthetwo.

The a-Betaswere deplo/ed beta-sidedowvn (a-sideup). The body of eachinstrumentwas
wrappedn electricaltapeandthetapewaspaintedwith anti-foulingpaint. Anti-fouling faceplates
wereinstalledon the endswith the betaoptics. No fouling wasevidentpost-recwoery.

The instrumentswere programmedo samplein burst mode: 10 samplesover 100 seconds,
hourly on the half-hour Samplingwasdoneon the half-hourto ensurethatthey would be asleep
whenthe controller queriedthem (via the SBE-44)with the modified waking sequencalescribed
abore. The UIMs anda-Betaseachhadtheir own internalpower source. SBE-44susedstandard
Sea-Birdlithium packs.a-Betashave internalrechageableNiCd batteries.

a-Betasn 625 did not internally log ary data. This is likely dueto an errorin the instrument
setup.The pressuresensomn a-Beta624 startedreturningbadvaluesafter 25 March. Thereason
for this failure hasnotbeendetermined.
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Figure1.12: Argonaut-MDwith inductive cablecouplerclampedon mooringwire.

1.3.3 Current

Currentmeasurementeere madeat threedepthswith SontekArgonaut-MDsingle bin acoustic
dopplercurrentmeterswith integral inductive modems.The Argonautswere clampedto the wire

with PVC clampsasshavn in figure 1.12. Inductive connectionsvere madewith inductive cable
couplers(ICC) thatplug directly into the bulkheadcommunicationgonnectar The compassesn

theArgonautareconfiguredsuchthattheinstrumentsveredeplo/eddown looking. Whensampling
they ping continuouslyat 1 Hz. Oneminuteaveragef the earthreferencedelocitiesfrom these
pingswereloggedinternally Whenqueriedinductively for datatheinstrumentgespondedvith an

averageof this one minute data. Paver was provided by standardSontekalkaline D cell battery
packs.

All threeArgonautgeturnedl00%of data,telemetere@ndinternallyrecorded Oninstrument
208thedategeturnedn theresponseto thecontrollers queriesstoppedhangingafter0604UTC
on 25 March. This errordoesnot appeatin theinternally recordeddataandit doesnot appearto
have affectedthe actualdatareturnedn thequeryresponses.

1.3.4 Meteorology
1.3.4.1 Surfacebuoy

Thesurfacebuoy ASIMET systemwasacustomizedinit designedo fit onthestandardNOPPbuoy

tower. As shawn in figure 1.5 the housingfor the WND (wind) moduleformsthe centralmaston
top of the buoy tower. This housingalsocontainedelectronicsor the HRH (relatve humidity and
air temperatureandPRC (precipitation)modules. The HRH sensomwasmountedwith its radiation
shieldupsidedown asoneof threeinstrumentclampedaroundthetop of thecentralhousing.Other
instrumentsat the top of the mastare LWR (longwave radiation)and SWR (shortwave radiation)
modules,bothin their mostcompact(no batteries front-endelectronicsonly) configuration. The
PRCmodulewasboltedto thesideof thebuoy tower. Theseasurfacetemperatur@ndconductvity
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Figure1.13: Block diagramof the interconnectionsor the suriaceandsubsurbhcemoorings.Note
thatsomemooringline instrumentarenot shavn.

module(SCT)wasthe Sea-BirdSBE-37with RS-485interfacedescribedn sectionl.3.1.

All of themoduleswerecontrolledandloggedby theBuoy DataloggefBDL) boltedto thebuoy
tower oppositethe PRC module. The BDL also containsan integral BPR (barometricpressure)
module. Pawer to the BDL andhenceto the modulesis provided by the buoy primary batteries.
Noneof themoduledoggeddatainternally The oneminuterecordfor all moduleswasloggedby
the BDL. Pawer andsignalconnectiondbetweermodules BDL, andbuoy controllerareshavn in
figure1.13.

ThedataloggereturnedL00%of datafor all moduleshothtelemetere@dndinternallyrecorded.
With theexceptionof thefailureof analogcomponententhe SBE-37(resultingin badconductvity
data)notedabove all modulesappeato have performedwell.
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Figurel.14: Bow mastof RV New Horizoninstrumentedvith ASIMET modules.

1.3.4.2 New Horizonbow mast

TheshipboardASIMET instrumentsveremountedo alengthof aluminumchannelsingstandard
suitcaseclamps.The channewasthenclampedo thebow mastof the RV New Horizon TheBPR

barometrigoressurenodulewassecuremnthedeckbelov theforepeak.Thecontrollerandbattery
housingwasratchetstrappedo the baseof the bov mast. A photograplof the instrumentednast
isshavnin figure1.14.

Shipboardmodulesinternally loggedat oneminuteintenalsto internalflashcards.Every five
minutesthe moduleswerequeriedby the controllerfor their mostrecentdata. This datawasused
for telemetryandstoredonthe controllers flashcard.

The shipboardcontroller stoppedoperatingshortly after 1200UTC on 11 March, just asthe
shipwasleaving the dock. In additionto losing the five minutedatathat would have beenwritten
to flashandary radio telemetryof this data,the failure of the controllerresultedin the GPSdata
beinglost. With no recordof speedandposition,the entireshipboarddatasetandparticularlythe
wind data,are of limited usefulness.Also, the internally loggeddatarecordon the wind module
wasshort; no datawasrecordedafter 1400UTC on 17 March. Thereasorfor this failure hasnot
beendetermined.

1.3.5 Wave height and period

Wave heightandperiodwerecalculatechourly from 8192pointtime seriesof tri-axial acceleration
from the SummitinstrumentsSI34103A,sampledat 10 Hz by the controllers onboardl2-bit AD
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corverter In thisprocessthesuigeandsway directionsarelow-pasdilteredin real-timeto calculate
pitch androll anglesso thatthe heare acceleratiorcanbe rotatedinto true vertical. The vertical

acceleratioris thendoubleintegrated,with real-timehigh passfiltering at eachstepto eliminate
drift, into verticaldisplacementOncethe samplingis complete the spectrunof this time seriesof

vertical displacements computedandthe peakfrequeng is determined.The significantheightis

calculatedas4o, whereag, is the standardleviation of thetime seriesof verticaldisplacement.

For KernelBlitz this processingprocedurdor theaccelerometedatawasexperimental Results
for significantwave heightappeareasonabldasedon othernearbymeasurementgut no direct
validation datais available. Due to a problemin the software, the calculatedpeakperiodvalues
werenot correct. This problemhassincebeencorrected.

1.4 Telemetry

1.4.1 Satelliteand radio

The shipboardandsurfacebuoy systemsvereequippedwith Orbcommandline-of-sightradio RF
telemetrymodems.Orbcommtransceiers were PanasonidKX-G7101 DataCommunicatorsvith
built-in GPSrecever. Theantenndor bothsystemsvasanAntenex Dual BandVHF/GPSantenna
pottedinto a PVC cupwith afacesealonthebottomsothatit mountedright onthe endcap.Small
leakswere obsened with both systemsduring testing; prior to deploymentthey were completely
sealedwith siliconeto provide additionalwaterproofing.As previously stated,dueto Orbcomms
possiblefinancial difficulties, satellitetelemetrywasturnedoff for KernelBlitz 2001. The GPS
capabilitiesof the KX-G7101werestill used.

RadiomodemswvereFreeWave WirelessDataTranscerers,modelDGR09on the surfacebuoy,
bow mast, ACU-5 repeaterandrepeatebuoy, andDGR-115at the basestation.Themodemswvere
configuredin point-to-multipointmode: surfacebuoy andbow mastaspoint-to-multipointslaves,
repeatersas point-to-multipointrepeatersand basestationas point-to-multipointmaster All of
theradioswereconfiguredto transmitat their highestpower level (1 W, power setting9). To avoid
collisionswith otherFreeWWve networksin theareathefrequeng key wassetto 11 andthenetwork
id to 55 onall radios.

Theantennaon the surfacebuoy wasa custommadewhip manufcturedoy WebbResearchin
the samemannerastheir Argoswhip antennas.The baseof the antennéhasa %-inch MS fitting
which scravs directlyinto a portmachinednto theendcap.Theshipsystemuseda FreeWave 3-dB
whip mountedon the bow mastcrossbar The antennacablecameinto the electronichousingvia
a Woodheadbulkheadfitting. The repeatebuoy and ACU-5 repeatermlsouseda FreeWave 3-dB
whip. The basestationantennawas a FreeWave 10-dB YAGI mountedon an ~ 4 m high pole
structurethat was placedon top of the highestpartof theroof of the US Army Resere Centerat
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Figurel.15: Mooring geometrydictatedby the UAM transducebeampattern.

CampPendleton.

Theradiotransmissiorschemeavasvery simplistic. Oncethedatamessag@adbeenformulated
by the controller the radio senddataroutine on the bow mastor buoy systemsentthe message
in ASCII format 10 times at 30 secondintenals. Therewas no handshakingr error correction
betweerthe basestationandthe slave systems.

1.4.2 Acoustic

Theacoustianodem®nthesurfaceandsubsurlcesystemavereUtility AcousticModems(UAMS)

versionl.2designedy the WHOI AcousticCommunication&roup. Both systemsisedthree-ring
transducersnanuficturedby Benthos. The mountingconfigurationfor the transducersre shavn

in figuresl.6andl1.8.

The beampatternof the transducerslictatedthe horizontalseparatiorbetweernthe moorings.
Thetransducersadiateacousticenegy in anannulus,£20° off the horizontal. With a horizontal
beamthetwo transducersnustbe setsomeminimumdistanceapartfrom eachother(this contrasts
with verticalradiationpatterndgor whichthetransducermustbesetwithin somemaximumdistance
from oneanother).The worstcasescenarids diagrammedn figure 1.15. In this casethe surface
mooringis atits point of closestapproacho the subsurdcemooring(the situationdiagrammeds
very conserative: the subsurbhce mooringis drawvn asnot respondingo the conditionsthat are
pulling the surfacemooringsotaut). y is the heightof the subsuricetransducefrom the bottom.
Thesurfacetransduceis assumedo beatthesurface thewaterdepth,H, away from thebottom.L
is thetotal lengthof the surfacemooringandx is the horizontaldistancebetweernthe two anchors.
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For thetwo transducerso “see” eachother theinequality

-y

mustbesatisfied For example,if thescopeof thesuriacemoaoringis 2 (L = 2H), andthesubsurace
buoy is atthe midpointin thewatercolumn(y = 1H), the separatioristancebetweertheanchors,
X, mustbe

H
2tan20°
For KernelBlitz, H = 55m, y = 25m, andL = 100 m, andthe requirementvasx > 165m. The
actualseparatiorof approximately230m easilysatisfiedthis.

x> V2H + (1.2)

On the surfacesystemthe UAM wastreatedasan instrument,the datait reportedto the con-
troller was simply the completedatamessagdransmittedby the UAM on the subsuréce system.
The surfacesystemwasconfiguredsothatthe UAM wasthe lastinstrumentqueriedfor data. The
systemwoke hourly at 45 minutespasthourto begin collectingdata. The processof queryingall
instrumentsout the UAM typically took about18 minutes(the majority of which time was spent
samplingthe accelerometer)The subsurace systemwoke hourly on the hour andthe processof
collecting datatook approximatelyone minute. Becausehe UAMs do not have a remotewake
capabilitythe subsurhiceUAM hadto be awake andwaiting for anuplink requesfrom the surface
to initiate the datatransfer This timing allowedthat.

Thecompletesequencef nggotiationanddatatransferbetweerthetwo UAMs is asfollows.

1. Oncesamplingis completethesenddataroutinefor thesubsurdce(slave) UAM is passedhe
datafile.It entersinto aloop waiting for anuplink requesfrom the surface(master)UAM.

2. Whensamplingof all otherinstrumentss completethe getdataroutinefor the mastersends
thatuplink request.

3. Onreceiptof therequestheslave UAM passeso thecontrollerthreedatarequesimessages,
oneeachto fill thethree32-byteframesthatmalke up a paclet. In thefirst of thesepaclets
the controllersendghetotal lengthof the datafilesothe surfaceknows whatto expect.

4. After sendingthe uplink requesthe surfacecontrollerknows to expectthreemessagefom
themastelUAM. Thesemessagesanbe dataframes badpaclet, or timeout.If abadpaclet
messages receved the surfacecontrollerinitiatesa reuplink request.This causeshe slave
UAM toresendhedatapacletwithoutqueryingthecontrollerfor additionaldata.lf atimeout
messagés recevedthecontrollerassumethattheslave UAM never heardtheuplink request
andit resendshatrequest.This maybeabadassumption-if theslave heardtherequestnd
transmitteddatabut themastemever heardanything andthustimedout, anew uplink request
will causeheslave to querythe subsurficecontrollerfor threenew frames.Thisis aserious
lossof stateandgenerallyresultsin acompletelylost transmission.
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5. Whenthe surfacecontrollerrecevesthreedataframes(a completepaclet) it checksto seeif
the completedatafilehasnow beenreceved. If it hasnot, thenit sendsanewn uplink request
andsteps3—5arerepeated.

6. Oncethe completedatafilehasbeenprocessedby the slave senddataroutine,the subsuréce
controllerentersaloop waiting for the slave to receve adownlink request.

7. Whenthecompletedatafilehasbeenrecevedby themastetUAM thesurfacecontrollersends
that downlink request.This causeghe masterto passto the controllerrequestgo fill three
dataframes.Thecontrollerfills theseframeswith any commandnformationto beprocessed
by the subsuréce controller For the KernelBlitz configurationthat information consisted
simply of a messagé¢hatthe slave UAM could be powvereddown. This operationis simpler
thanthe uplink becausehereis alwaysonly one paclet andthereis no retry on errorsor
timeout.

This procedurds far from perfectandis not entirely error free even within the constraintof the
currentUAM implementations.The procesdor error retry andhandshakingvith the slave about
whenit is alrightto shutdevn couldbeimproved.

Other problemswith the currentsoftware interface are relatedto power andrebooting. The
UAMs arewakenedby an O line going high; to put themto sleepthe controllermustwait for a
commandrequesbver the serialport andthensenda shutdevn messageBecausea UAM cannot
sendcommandequestandlistenfor messagefom the controllerwhile simultaneouslyistening
for acousticactity, it is desirabldrom anacoustiadetectionstandpointo minimizethetime spent
listeningto the serialport. For stability reasonst is alsodesirableo periodicallyrebootthe UAM.
Theserequirementsvork againsthevery fine control of power switchingthatthe controllerstry to
implementto minimize overall power consumption.

1.4.3 Inductive

On the surface and subsurfce moorings,the primary length memberwas a single length of g-
inch jacketed 3x19 wire rope (jacket diameter%—inch). Individual shotswere avoided to provide
a continuoussignal pathfor the inductive link. A Sea-Birdinductive Cable Coupler(ICC) was
clampedto the wire just belon the topmostboot. The ICC hasa molded-in pigtail which was
connectedo a 2-pin bulkheadconnectoron the bottomendcapof the surfacebuoy or subsuréce
pressurecase. The ICC pigtail ran up the boot, loopedloosely aroundthe shackle-ring-shackl
assemblyandalongthe mooringattachmenframeor cage,heldin placeover its lengthwith tape
andtie wraps. In this arrangementhe inductive signal pathis a closedloop formed by the wire
andthe seavaterpathbetweerthe exposedclevis endsof thewire. ThelCC is simply aninductive
coil which connectssia the pigtail/bulkheadto a transformeion the Sea-BirdSMODEM-1 Surface
Inductve Modem(SIM) onthecontrollersystem.
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For thepurpose®f thecontrolsystemtheentireinductive system(SIM plusinductve SBE-37s,
inductive SontekArgonaut-MDsandSBE-44connecte@-BetasWwastreatedasa singleinstrument.
Whenqueriedby the controllerfor datathe SIM control functionswould in turn queryeachof the
attachednstrumentgo form the completeinductive datamessage.

1.5 Controllers

1.5.1 Electronics

Thecontrollersfor all threesystemgsurface,subsurlce,shipboardwereOnsetTattletaleModel 8
computersnatedwith PersistoiCF8 compactlashstorage.The surfacebuoy useda Tattletale8v2
andCF8v2;thesubsuracebuoy andshipboardsystemhadolder style units. The only differencein
thenew unitsis theeliminationof SquishyBusconnectorsn favor of amorereliablepin andsoclet
design. Theradiorepeatetbuoy deplg/ed on 17 Marchhadan 8v2 controllersystem(identicalto
the surfacebuoy system)nstalledsimply for power switchingpurposes.

The surfacebuoy systemwasresponsibldor sampling,controlling, and communicatingwith
theUAM (Utility AcousticModem),FreeWWve radiomodem Panasoni®Orbcommsatellitemodem
andGPSrecever, Sea-BirdSurfacelnductve Modem(SIM), ASIMET Buoy Dataloggerandthe
accelerometansedfor wave measurementd.hetwo sidesof thebuoy electronicchassisreshavn
in figuresl.16andl1.17.Figurel.18shovstheschemati@ndconnectoplacementor thecontroller
interfacecardthat matesto the TT8v2 to provide connectiongo the variousperipherals.Thebase
interfaceboardis an OnsetPR8v2prototypingboardwhich providesaccesgo all of the Model 8's
inputandoutputlines.

Power was provided by three Pro Battery 900241-56D Cell assemblieswired in parallelto
yield 12 V with a nominalcapacityof 294 A-hr. The batterieswere stacled at the bottomof the
tubeandheldin placeby a batteryretainingring. This batterystackwasalsousedto power the
ASIMET system.

With no RF telemetryor accelerometethe subsurfcesystemconsistedf just the controller
SIM, and UAM. The two sidesof the subsurice electronicschassisare shavn in figures1.19
and 1.20; the schematicand connectomplacementfor the controller interface card are shavn in
figure 1.21. Becauseof the requirementor fewer 10 lines, the subsuraceinterfacefit on Onsets
smallerlO-8 prototypingboard. Ponver was provided by a single Pro Battery 900189-72D Cell
assembly(13.5V, 112 A-hr).

Theshipboardsystenconsistedf a TT8 controller Panasonid&X-G71010rbcomm/GP Sinit,
and FreeWave radio. The layout and schematicfor the interface board (an 10-8) are shavn in
figure 1.22. The controlandtelemetryelectronicsandbatteriesverehousedn thereg/cled VAWR
Argoshousingshavn at the bottomof the bow mastin figure 1.14. All of thebow mastASIMET
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Figure1.18: Electricalschemati@andlayoutof the TT8v2 surfacecontrollerinterfaceboard.
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Figure 1.19: Subsuréce electronicschassis: TT8V2  Figurel.20: Subsurceelectronicschas-
controllerandSIM. sis: UAM.

modulesweretied to the single RS-485bus on the controllerin a starconfiguration.The batteries,
two ProBattery900189-72D cell assembliesvired in parallel,poveredboththe control/telemetry
systemandthe ASIMET modules.

As notedabove the shipboardcontrollerfailed on 11 March at approximatelythe time thatthe
ship left the dock. The reasonfor this failure is unknavn, but may have beencausedby a bad
connection(via the SquishyBus) betweerthe TT8 andCF8.
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Figurel.21: Electricalschemati@ndlayoutof the TT8 subsuracecontrollerinterfaceboard.

1.5.2 Software: Instrument definition

Thoughtherearedifferencesn thewiring andlayoutof theinterfaceboardgor thethreecontrollers
they areelectronicallyvery similar; from a softwarestandpointhey arenearlyidentical. Fromsys-
temto systenthe softwareonly differsin the hardcodedist of installedinstrumentsandtelemetry
devicesandin routinesthatreferencecontrollinesto which thosedevicesareconnected.

For eachsystemhereis asinglesourcefile thatcontainssystemspecificinformation. Themost
importantpart of this file is an array of instrumentdefinitions. An instrumentdefinition consists
of communicationgort information (TPU lines on the TT8), baudrate, power function, get data
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Figurel.22:Electricalschemati@andlayoutof the TT8 bow mastcontrollerinterfaceboard.

function,senddatafunction,auxiliary controlfunction,terminalfunction,andauxiliary datastring.
The power function for eachinstrumentis alsoin this file becausdhey typically accesshardware
specificlO lineson the TT8. The getdata,senddata,auxiliary control,andterminalfunctionsare
containedn sourcefiles specificto eachperipheralandaresharecamongsystems.

This definition structureallows an attacheddevice to be definedas a dataprovider (get data
function defined),datasender(senddatafunction defined),or both. The definition for the same
type of device may vary from systento system.For example,the UAM on the subsuracesystem
is a datasenderhbut it is a dataprovider (i.e., the systemgetsdatafrom it) on the surfacebuoy.
The PanasonicdKX-G7101 Orbcommunit provides both transmit(via Orbcomm)and data(GPS
position)functionality For easeof control of the systemhowever, it is easierin this caseto treat
thetwo functionsastwo instruments- onewith a senddatafunctiondefinedandonewith agetdata
functiondefined.
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Theterminalfunctionin mostcaseds sharedbetweenmary instruments.It providesa patch-
throughfor directcommunicationdetweerthe userandperipheralsDevicesthatrequirea special
sequencdo enterinto a commandor usermode (suchasthe Orbcommunits) do needa device-
specificfunction. The half-duplex natureof the RS-485bus also requiresthat a device-specific
functionbeimplemented.

The auxiliary control functionsare device-specificroutinesto testor setparametersn the at-
tachedperipherals.Many peripheralgequireadditionalsystem-specificlatabeyond whatis pro-
vided in the instrumentdefinition structureto operate. In orderto keepthis system-specifien-
formationout of the codefor the peripheralsso that the codecanbe sharedamongsystemsthis
informationis storedin the auxiliary dataarray This arrayis a simplebyte arraythat canbe in-
terpretedby the peripheralcontrol codein whaterer way is most corvenient. For example, the
auxiliary dataarrayfor theaccelerometés a stringcontainingthe numberof samplesandFFT size
to usein calculatingwave data. This string is parsedoy the accelerometeroutinesto extractthe
numericvalues. The string canbe changedoy the auxiliary control function definedin the instru-
mentdefinitionfor the accelerometerfThe accelerometeauxiliary function alsoallows the userto
putthedevice into a variety of testmodes.

For theinductve modemandRS-485instrumendefinitions, theauxiliary arrayis usedto define
the addressesf the instrumentsattachedto the signalloop. The auxiliary control function for
theseinstrumentsallow the userto changetheseaddressee.qg.,if a sensolis removed or added)
programmaticallywithout having to changethe installedfirmware. Detailsaboutthe formatof the
addresstringsandhow to changehemareprovidedin sectionl.5.5.2.

1.5.3 Software: Control flow

On powerupthe control programcalls the power function for eachattachedoeripheratto turn the
device off. It thenexecutesary commandsn the scriptfile “param.scr’on the compactflashcard
andary additionalscript files specifiedon the commandine. If no input wasreceved from the
userit entersautodeploymentmodeaccordingo hardcodeddefault settingsandary settingsn the
scriptfiles.

Deploymentmode,the primary operatingmodeof the controllers,is similar to burst modeon
mary instrumentsiong periodsof low power hibernationinterruptedby shortperiodsof sampling
actiity. In eachwaking periodthe controller sequentiallypowersandcalls the get datafunction
for eachavailable attachednstrument. Whenthis processs completethe controller sequentially
powers and passeghe datafileto the senddatafunction of eachavailabletelemetrydevice. The
controllerthenenterdow power sleepuntil the next waking period.

In thismodetheoperatingeycleis governedoy thei nt erval , i nodul us, i of f set andt el enetry
settings.Thei nt erval settingsdetermineshe numberof seconddetweerthe startof consecutie
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actvity periods.For KernelBlitz thei nt er val settingfor suriaceandsubsuracesystemavas3600
(onehour); for the bow mastsystemit was300 (five minutes).Thet el enet ry settingdetermines
the numberof cyclesto collect databeforeactivating the telemetryfunctions. A settingof 1 indi-
catesthattelemetryshouldbe sentat every cycle. This optionis intendedto reducethe powver and
costsometimesssociateavith alarge numberof smalltransmissionsThei nodul us andi of f set
settingsareusedto determinehow long to sleepafteranautorestartsothatthe operatingcycle will
remainon a regular grid. Givena modulusvaluem andoffsetvaluen, on an automaticrestartat
timet the systemwill enterlow power sleepfor

m+n— (t modm)

seconds.t is the numberof secondssincethe epochderived from the controllerreal-timeclock.
Oncethe systemwakesfrom this sleepit will begin cycling usingthei nt erval setting.

TheTattletaleModel 8 doesnothave ahardware,batterybacledreal-timeclock (RTC). If power
is interruptedor morethanafew secondshereal-timeclock will beclearedor possiblyevenfilled
with garbagepndthe samplingthat begins afteranautomaticrestartwill notreturnto the original
grid. The restartprocedurds mainly intendedas a failsafein caseof a software bug causingan
exceptionon thecontroller In this casethe exceptionhandlertriesto passcontrolto PicoDOS Al
of the controllerflash cardshave an autoeec.batfile that pointsto a RAM versionof the control
programontheflashcard. WhenPicoDOSrestartsthe control programis automaticallystarted.

1.5.4 Software: Datafiles

Two differenttypesof datafilesare createdduring the instrumentsamplingprocess.The get data
routinefor eachinstrumentmaywrite to aninstrumenspecificdatafilewith theraw queryresponses
of the instrument(s). The controller provides a corvenienceroutine that returnsa basefilename
basedon the deploymentstartdateandtime so thatall instrumentspecificfiles will have similar
names.The extensionto this filenamedefinesthe instrumenthatcreatedt: accfor accelerometer
imt for RS-485ASIMET queries pdl for Buoy Dataloggersim for Surfacelnductve Modem,etc.
Theseare ASCII files with the responsdrom a singleinstrumentperline. The SIM andRS-485
routinesprependheinstrumentaddresdo theline; the BDL functionprepends timestampbased
onthecontrollerRTC.

The seconddatafilecontainsthe primary datareturnedfrom the instrumentgetdataroutinesin
acompactormatsuitablefor telemetry Eachinstrumenteturnsanarrayof 32-bitstructuresEach
32-bitstructurerepresentsnevaluethatwill beaddedo the datafileandtelemetered:

¢ 5 bits for baseinstrumenttype or class,e.g.,uCat, accelerometedMET. 0 is not usedand
1is reseredfor clock or timestampvalues. This allows for up to thirty differentclassef
instrumentto fit within this framework.
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e 7 bits of instrumentd. Disallowing 0, this permitsup to 127 instrumentsof eachclassto be
attachedo the system.

¢ 4 bits for variabletype within the class,e.g.,temperatureconductvity, and pressurdor a
puCat, BP, RH, SST, LWR, etc. for anIMET system.0 is not used. This allows 15 different
typesof variablesto bereturnedby eachinstrumentlass.

¢ 16 bits for the datavalue. For eachvariabletype within aninstrumentclassthe systemmust
have knowledgeof the possiblerangeof raw valuesthatwill be returnedby the instrument
query Basedon this informationthe datapackagingroutinesscalethe raw valueinto an
unsignedshort(maximumvalue65535)andpacktheresultinto two bytes,LSB first.

Clockvaluesaretheexceptionto theserules.Becauséhereis only oneRTC, all 27-bitsbeyondthe
5-bit classareusedto storethe time: 6 bits for minute,5 bits for hour, 5 bits for day of month, 4
bits for month,and7 bits for yearspast1900. Clock valuesmarkthe startof the instrumentguery
procesdor all datavaluesthatfollow until anew clockvalueis read.They donotrepresenanexact
timestampfor theassociatedata.

Themostrecentlycollectedarrayof 32-bit dataentriescollectedfrom all instrumentss written
to the controllerflash cardafter every samplingcycle. Dependingon the valueof thet el enetry
parameterit may alsobe sentthroughattachedelemetrydevicesor it maybe heldin a buffer and
sentlaterwhenthe numberof samplecyclesreacheshevalueoft el enetry.

Thesenddataroutinesfor thetelemetryperipheraldhave the option of decodingthe pacled bi-
naryformatof thedatafileinto ahumanreadableASCIl messagéthisis alsotheformattedmessage
thatthe controllerdisplayson the consoleport). For KernelBlitz, this optionworked well with the
high speedzerocost,lossproneFreeVve transmissionsTo consere bandwidthandincreasghe
likelihoodof gettingmultiple messagethroughin casef backlogthe Orbcommunitswould have
transmittedhe binaryformatmessage.

Thisrepresentatiofor thedatahastheadwantagehatall informationneededo decodehedata
messagess alwayspresentvithin the messagéself. This approactwaschoserbecausét allows
the shoreside decoderto be written with no knowledge of the exactinstrumentload on a system
andit allows the structureof the messageo changearbitrarily throughoutthe experiment(e.g.,if
an instrumentdoesnot respondduring a given query cycle or stopsrespondingaltogether). The
disadwantages thatthereis redundantnformationfrom onemessagé¢o the next in mostcasesin
futureversionsit is possiblethatwhenthe structureof the messageloesnot changan subsequent
messagetheinstrumentclass,d, andvariabletypeinformationcouldbe strippedbeforetelemetry
The clock valuewould be flaggedto indicatethis strippingandonly the 16-bit datavalueswould
follow.
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1.5.5 Software: Commands

The controllercommunicatesvith the hostover the consoleport usingRS-232(9600,N,8,1proto-
col). On startupif theusersendst r| - ¢ beforethetenseconddelayhaspassedutomaticdeploy-

mentwill be abortedanda commandprompt(the’ >’ character)will appear At the promptthe
commandsiescribedbelon control the operationandsettingsof the control system. Note that all

commandamescanbeabbreiatedto theirfirst two lettersandthatcapitalizationof thecommand
doesnot matter(thoughcapitalizationof algumentgo the commandmay).

In the commanddescriptionghe attachednstrumentsarereferredto in several differentways.
Thelist of all attacheddevicesis hardcodedfor eachversionof the controller It canbedisplayed
usingthel i st commandiescribedelow. To allow programmaticontrolover the devicesthatare
actuallyused,jnstrumentgrom thislist canbemadeavailableor unavailablefor all modesof access
usingtheadd anddel commandslIf aninstrumentis madeunavailableit will continueto shov up
inthel i st output,butit will notbequeriedfor dataor usedfor telemetryin deploymentmode,and
it cannotbe madeactive for usewith ary othercommands.

The commandghatoperateon a singleinstrumentall rely on the definition of anactwve instru-
mentby the current command.To be madeactive aninstrumentmustbe available. Making an
instrumentactive alwaysturnsits power on. Otherinstrumentamay be poweredsimultaneously
Making anotherinstrumentactive automaticallypowversoff the previously active instrument.Pow-
ering off theactive instrumentmakesno instrumentactive.

1.5.5.1 Deploymentcontrol commands

cl ock mm/dd/yyyyhh:mm:ss
Setsthe controller RTC to the given dateandtime. If no agumentis given the
currentRTC valueis displayed.

start mm/dd/yyyyhh:mm:ss

Entersdeployment modewith the first wake cycle at the dateandtime specified
by nm dd/ yy hh: mm ss. If no dateis given thenthe first samplecycle will be-
gin immediately Beforesamplingis startedall instrumentsare powveredoff and
settingsfor i nterval , tel enetry, i modul us, i of f set, fsys, the availability of
instrumentsandary auxiliary datastringsthathave beenchangedarewritten asa
commandscriptto thefile param.scontheflashcard. Thiswill restorethe system
configurationin caseof autorestart.

interval n  Setstheintenal in secondbetweernwake cycles.If non valueis giventhecurrent
settingis displayed.
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telemetryn

i modul us n

iof fset n

save

Setsthenumberof samplecyclesto buffer beforeactivatingthe senddatafunctions
of active telemetrydevices. A value of 1 meanstelemeterthe dataduring every
wake cycle. If novalueis giventhe currentsettingis displayed.

Setsthe startinterval modulusin seconddor the initial wake cycle following an
autorestart(seesectionl.5.3).If novalueis giventhe currentsettingis displayed.

Setgtheintenal offsetin secondgor theinitial wake cycle following anautorestart
(seesectionl.5.3).If novalueis giventhe currentsettingis displayed.

Savessettingdorinterval ,tel emetry, i nodul us, i of f set, f sys, theavailabil-
ity of instrumentsandary instrumentauxiliary datavaluesthathave beenchanged
asa scriptfile namedparam.scon the flashcard. This commands automatically
calledwhenthest art commands executed.

1.5.5.2 Instrument control and testcommands

gat her

[ist

add instrum

del instrum

Cyclesoncethroughthe collect data/transmidatafor all available instruments.
Noneof theresultsarewritten to flashcarddatafiles Mainly usedfor testing.

Lists all of the connectednstrumentsincludingwhetheror nottheinstrumenthas
get data, senddata, and auxiliary functionsdefined,whetherthe the instrument
is availableto be accessedby deploymentmodeor usercommandswhetherthe
instruments the active instrumentandthe power stateof theinstrument.

Makesinstrumavailablefor accesdor deploymentmodeandusercommands.

Makesinstrumunavailable for accesdor deploymentmodeandusercommands,
essentialiyjhidingtheinstrumentrom thecontrolleruntil anadd instrumcommand
is issued.

current instrum

on instrum

of f instrum

Make instrumthe active device for f unc, f et ch, t al k, andt ransm t commands.
If powerto instruments off thiswill turnit on. Thiswill notturn power off to the
previously currentinstrumentWhenaninstrumenis currentthecommandorompt
will changéo 'instrument'.

Turnspoweronto instrum If noinstruments active thiswill makeit so.

Turnspower off for instrum If instrumis active or instrumis not given this will
power down the currentactive instrumentandmale no instrumentactie.
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fetch

transmt [-f

t al k logfile

func args

Executethe getdataroutinefor the currentactive instrumentandprint theresults.
Theinstrumenimusthave a getdatafunctiondefinedof course.Nothingis written
to flashcarddatafiles.

filenane | -s string]

Executethe senddataroutinefor the currentactive instrument.If the-f optionis
usedthefile onthe flashcardgiven by filenamewill betransmittedby calling the
senddatafunction with sequentiab12-byteblocksof thefile. If the -s optionis
usedstringwill besentin asingletransmission.

Entersterminalmode(callstheterminalfunction)for thecurrentactive instrument,
providing a directmeansof communicatingvith the device. Sendinget r | - D will
endtheterminalfunction andreturnto the commandorompt. If alogfile nameis
specifiedthena diary of the sessiorwill be saredto the CF cardin logfile.

Callstheauxiliary functionfor the currentactive instrumentwith agumentggiven
by args Mostauxiliary functionswill print ahelpmessager default settingsif no
amgumentsaregiven. Instrumentefinitionsthathave auxiliary functionsare:

accel e func change nsamplesfft
Changeshenumberof samplegpercycle andthenumberof points
in eachwindoved FFT usedto calculatethespectrumIf nsamples
andnfft arenot giventhe currentvalueswill bedisplayed.
efunc test [g|t] [c|v| G nsamples
Display nsamplesof raw accelerometeoutput over the console
portin [g]raphicalor [tJabular format,in units of [c]ounts,[v]olts,
or [G]s. Pressingary key ontheconsolewill abortthetest.

UAM e func test
Onaslave UAM thiswill callthe UAM sendfunctionwith a 256-
byte arrayfilled with values0 to 255. On a mastetUAM this will
generatanuplink requestindputthe UAM into aloopto receve
this data. The arrayrequiresthree paclets of threeframeseach
to be transmitted. The commandshouldbe executedon the slave
beforeit is run onthe master

UWM efunc cmd val ue
Emulatesexecutingthe LinkQuestprovided DOS commandc nd
with (for set commands)an agumentgiven by val ue. Most,
but not all LinkQuestcommandprogramsareemulated.cnd can
be oneof: set_wp, get_wp, set_nmbde, get_nmode, get _ver,
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set_tadr, get_tadr, set_oadr, get_oadr, set_pow, get_pow,
mdmr st. Seethe LinkQuestmanualfor usagedetailsof the var-
ious commands. Note that like the original DOS programs the
actualsettingof a parametewithin a setproceduras precededy
amodemreset.

SIM e func
Displaysthe currentinductve addresstring.
e func change addressstring
Changeghelist of inductive instrumentaddressegueriedby the
SIM. addressstring is a characterstring consistingof addresses
concatenatedogetherwith no spaces. The inductive addresss
constructedrom a two letter prefix and the two digit inductive
id. Valid prefixesare ST (SontekArgonaut-MD),AB (a-Betacon-
nectedo anSBE-44UIM), MC (SBE-37uCatCT sensor)andMP
(SBE-37uCatCTPsensarExample:*"MCO01MP02ST41AB22”.
efunc restore
Restoreghe original addressstring hardcodedn the control pro-
gram.

imet e func
Displaysthe currentRS-485bus addresstring.
e func change addressstring
Changeshelist of RS-485addressegueriedby thecontroller ad-
dressstring is a characterstring consistingof addressesoncate-
natedtogethemwith no spaces.The busaddresss the sameasthe
ASIMET moduleaddressExample:*"WNDO1LWR01SWRO01BPRO1".
efunc restore
Restoreghe original addressstring hardcodedn the control pro-
gram.
e func dunp
For eachmodulein the bus addressstring attemptsto dumpthe
module data using #addi. (to get the numberof full records),
#addFR andsequentiatarriagereturnsto getthe data,and X to
terminatethe processTheoutputis savedto afile namedaddr.dat
onthecontrollerflashcard.

bdl e func dunp
Attemptsto dumptheloggerflashcardusing#FS(to getthe num-
berof full records)#FR andsequentiatarriagereturnsto getthe
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data,andX to terminatethe process.The outputis savedto afile
namedBDLdump.daton the controllerflashcard.

orbcomm efunc [clear|no] [burn|no] [wait]|no]

Displaysthe numberof messagesurrentlyin the outgoingqueue
andwhethera satelliteis currentlyin view. Optionally clearsthe
outgoingqueue.If a satelliteanda gatavay arein view the gate-
way ID canbeburnedinto controllerEEPROM asthedefaultgate-
way to usefor outgoingmessagefot recommended)f no gate-
way s in view thenthe function canwait for oneto becomeavail-
able,displayingits ID whenfound, andif desiredburningthe D
into controllerEEPROM asthedefault.

1.5.5.3 Systemcommands

sleepn

timeout n

echo on| off

Enterslow power sleepmodefor n secondsSendingiwo consecutie ESCvalues
will terminatethesleepprematurely

Setsthe consoleinactvity timeoutin seconds. If no valueis given the current
settingis displayed.A valueof 0 disablegheinactiity timeout. If the controller
doesnot seeary actvity on the consoleserial portin n secondsijt will enteran
infinitely long low power sleep. To wake the systemsendtwo consecutie ESC
values.

Setstheduplex (local echomode)for consolecommunications.

syst emcmdargs

ExecuteghePicoDOScommandjivenby cmdwith command-linergumentsargs.

script filename

fsys freq
tonB

dos

reset

Executesall commandsn thefile givenby filename Thisfile mustbestoredonthe
controllercompacflashcard. Scriptfiles canconsistof ary valid list of commands,
oneperline.

Setsthe systenclock frequeng.
Exit to the Tattletales TOM8 monitor.

Exit to PicoDOS,the compactflash operatingsystem. Before exiting ary au-
toexec.baffile ontheflashcardis renamedo autoeec.bak.

Rebootandrestartprogram(if runningfrom TT8 flash)or PicoDOS(which may
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have an autoeec.batfile which loadsthe controllerprogramfrom flash cardinto
TT8 RAM).

hel p Displaysa helpmessagdisting all commandswith brief descriptions.

37



38



Part 2

Data

2.1 Temperature and salinity

2.1.1 Temporal variability

Over the courseof the experimentboth temperatureand salinity profiles steepened.The combi-

nationof heatingat the surfaceand cooling at the bottom that contrikute to this steepenings an

annualphenomenorin this area[5]. Figure 2.1 shavs the meanT and S profiles for January—
February March—April, and May—Junefor the periodfrom 1985-2001at CalCOFIstation90.28,

nearthe mooring site. The March—April period clearly represents transitionfrom well mixed

winter conditionsto morestratifiedspringandsummerconditions.

Consistentvith theseclimatologicalresults the experimentatemperaturelatashav a marked
heatingat the surfaceand cooling at the bottom (figures2.2 and 2.3). Surfacesalinity remained
roughly constantput thereis amarkedincreasen bottomsalinity over the 20 day experiment.

The evolution of the temperatureand salinity structureover the courseof the experimentare
shawvn in figures2.4 and2.5. The slow, persistenintrusionof relatvely cold, salty wateralong
the bottom s clearin thesefigures. One possibleexplanationfor the intruding bottom water is
upwelling. Currentand(to a lesserdegree)wind dataare suggestie of upwelling conditions(sec-
tions 2.2 and2.3). Thatthis watermay be comingfrom offshoreis alsosupportedby contoursof
temperatur@ndsalinity from CTD castgakenby navy shipsduringKernelBlitz 2001.Figures2.6
and2.7 shav temperature@ndsalinity from the offshoresectionof CTD castsshavn in figure 2.9.
This offshoresourcecanalsobeseenin datafrom CTD stationsalongCalCOFlline 93 (figure2.8)
takenduring FebruaryandMarchin the period1985-200(figures2.10and2.11).

Onshortertime scaleghe variability is predominantlydiurnal (atmospheridorcing) andsemi-
diurnal (tidally driven). The semi-diurnalvariability is evidentin the regular spikingat the surface
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Figure 2.1: January—Februararch—April, and May—Junetemperatureand salinity profiles at
CalCOFIstation90.28(33.48° N, 117.77°W averagedover 1985-2001.
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Figure 2.2: Temperatureand salinity profiles from the CTD caststaken during deployment and
recovery operationsat the mooringsite.
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Figure 2.3: Temperatureand salinity profilesfrom the mooringline SBE-37and SBE-39instru-
mentsat the beginningandendof thedeploymentperiod.
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CalCOFI Line 93, Feb - Mar (1985-2000)

CalCOFI Line 93, Feb — Mar (1985-2000)
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Figure2.12: Unfilteredtime-serief salinity from the sestenmooringline SBE-37instruments.

andbottomin figures2.4and?2.5. Atmosphericallyforcedvariability is primarily evidencedby the
diurnal heatingand cooling at the surfacein figure 2.4. Someof this variability canbe predicted
from the surfacemeteorologicameasuremeniseesection2.2).

Enegy at frequencieshigher than semi-diurnalappeargo be predominantlydue to internal
wavesandis highly depthandtime dependentFigure 2.12 shavs the unfiltered(30-secondiata)
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Figure2.13: Integratedspectrabnegy above48  Figure2.14: Contoursof vertical densitygradi-
CPDin the salinity datafrom the mooringline  entcomputedusingmooringline SBE-37data.
SBE-37s.

time seriesof salinity from all of the mooringline SBE-37instruments.Therearelong burstsof
high frequeng enegy in thesesignalsthatappeato move upwardsthroughthe watercolumnover
the courseof the experiment. This enegy is tracked quantitatvely in figure 2.13 which shavs
the integratedspectralenegy in the salinity signalfor frequeng contentabove 48 cyclesper day
(CPD). The depth—timelocationsof the high frequeng enegy correspondvell with the maxima
in the vertical densitygradient(figure 2.14). As cold, salty waterintrudesalong the bottom, the
densityinterfacemovesupwardsin the watercolumn. Becauseaheinternalwavesaresupportecn
thisinterface,the high frequeng internalwave enegy movesupwardsaswell.

2.1.2 Spatial variability

Figure 2.15 shavs one of the relatively few clear AVHRR imagesacquiredby the Coast\Vétch
West Regional Node (http://cwatchwe.ucsd.eduduring the exerciseperiod. Within the exercise
areathereis patchyvariability of approximatelyl®°C. This patchinesss alsoevidentin theoffshore
temperature@ndsalinity sectionsn figures2.6 and2.7 andin alongshoresectionsalsofrom CTD
caststaken by navy ships(figures2.16 and2.17). Strongvertical stratificationis alsoevidentin
both offshoreand alongshoredirections. Note thattheseCTD dataare not quality controlledand
werenottakenin ary temporallyor spatiallyconsistentvay. The stationlocationsfor the sections
areshowvn in figure 2.8.

Basedon a seriesof previous experimentsin this area[2, 4] it is possibleto characterizeéhe
typicallengthscaledor currentandtemperatursignals.Table2.1 shavs thecoherentengthscales
(definedroughly asthe separatiorover which the signal at two spatialpoints remainscorrelated
at a level greaterthan0.5) in the along-and cross-shoralirectionsfor currentsandtemperature.

44



w15, 0

50 H [ ri4.8 -
F14.6

100 B
F14.4

150 [ F14.2
F14.0

200 o~

F13.8 &

250 F13.6 24

] 2

& F13.4 ©

300H | 5

F13.2 g

> -

350 [ % F13.0 -
i F12.8

400 I i
| F12.6

450 F12.4 7
F1z.2

500 o i
[ HOAR-1d4 NLSST ‘SPLIT 2001;"03.?’13‘04:29:02 PST | . : . [ 1210
100 200 300 400 500 600
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13March2001at 04:29local.
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LF:0-0.6¢cpd IF: 0.6-12cpd

u \Y; T u \Y; T
- Winter <25 25 >60 5 5 <25
& Spring <7 >50 >50 <7 <7 10
® Summer <7 30 >50 <7 <7 10
@ Winter 3 10 10 3 5 <25
S Spring 3 10 10 3 5 <25

Table2.1: Alongshoreandcross-shoreoherentengthscaleg(km) for cross-shoréu) andalong-
shore(v) currentsandtemperaturdT) from mooredcurrentmeterarraysdeplo/ed betweenDel
Mar andSanClementeCA in 1980and1983[2,4]. Summermbsenrationsarefrom the 1980exper
iment; springandwinter from the 1983experiment.Therewereno cross-shoraitesin 1980.Table
reproducedrom Lentz[2], Table6.

In generalthe alongshoreohereniengthsarelongerthancross-shoréengths,andlow frequenyg
signalsaremuchmorehighly correlatedover distancehanintermediatdrequeng signals.Signals
with frequencieshigherthanthe intermediatebandshovn herewere uncorrelatecht the shortest
lengthscalesconsideredn theseexperiments.Thesescalescanprovide guidanceasto thepossible
spatialextentof signalsobsered atthe mooringsite.

2.2 Meteorology

Hourly averagedime seriesof all of themeteorologicalariablesareshavn in figures2.18through
2.21.Precipitationdatais not shavn becauseao precipitationwasobsered duringthe experiment.
Conditionswere foggy and hazy for most of the experimentand this is reflectedin the relative
humidity data(figure 2.18). Thereis a very moderatewarmingtrendin both air and seasurface
temperature As previously indicatedthe alongshorevinds were maginally upwelling favorable,
with amearnvalueovertheentireexperimenif -0.45m/s. Wind andwave conditionswererelatively
calmthroughouthe experiment(figure 2.20).

Incoming longwave and shortwave radiationare shavn in figure 2.21. The bottom panelof
figure 2.21 shaws the net heatflux(positive into the ocean),calculatedusing TOGA COARE for-
mulations[1]. The netaverageflux over the entire periodwas91 W/m?. The calculatedheatflux
canbe usedin a 1-D upperoceanmodel[3] to hindcastthe surfacehheatingseenin the SST data
(figure 2.22). While the overall warmingtrendis predictable the modeldoesnot capturethe full
rangeof diurnal variability, particularly beyond a few dayspastthe initialization. Also, because
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Figure2.18: Hourly averagedrelative humidity andair temperaturdrom the ASIMET HRH mod-
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Figure2.19: Hourly averagedbarometricpressureand alongshoreand cross-shoravind velocity,
computedusinga coastlineorientationof 60° westof north. Alongshorewind is positive upcoast;
cross-shorsvind is positive oncoast.
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Figure2.20: Hourly averagedwind speedfrom the ASIMET system)andsignificantwave height
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modules.NetincomingheatfluxcalculatedusingTOGA COARE formulae
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Figure2.22: PWP modeledSSTusinghourly  Figure 2.23: PWP modeledtemperaturecon-
averagedair-seafluxes and initialized by the  tours.

pre-deplgmentCTD casttakenat the mooring

site. The dashedines shaw thelineartrendin

the obsened andmodeledime series.

of the marked semi-diurnalvariability andthe slow intrusionof cold, salty wateralongthe bottom
seenin figure 2.4,themodelpredictionis very poorover thefull watercolumn(figure2.23).

2.3 Currents

Currentdataatthe mooringsiteis availablefrom thethreeSontekArgonaut-MDsinglebin acoustic
dopplercurrentmeters(two on the surfacemooring,oneon the subsurhcemooring). For plotting,
hourly averagedraluesof easthorth,andup currentsverecomputed Thesehourly averagedralues
werethenrotatedinto alongshorendcross-shoreomponentsaccountingor the 13.35° magnetic
declinationatthe site. The coastlinewasassumedo be orientedalong120 — 30C°. Theaveraged,
rotatedcomponentareshavn in figure 2.24.

As mentionedabore, thelarge offshoreflow atthe surfacemaybe indicative of upwelling. The
mostinterestingsignalin the currentdata,however, is thelarge, low frequeny, dowvncoastpulsein
thealongshoreurrentthatpenetratefrom nearsurfaceto atleast23m. A possiblesxplanationfor

the pulseis a coastakrappedwave.
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Figure 2.24: Hourly averagedcross-shorealongshoreand up currentsat 6 m, 23 m, and51 m
depths.Alongshorecurrentsarepositive upcoastgcross-shoreurrentsare positive oncoast.

2.4 Optical properties

The a-Betainstrumentson the mooring lines measureoptical backscatteringand transmissiorat
532 nm. Theraw transmissionvaluesare usedto calculatea diffuse attenuationcoeficient, K,
which is inverselyproportionalto visibility with a proportionalityconstantof approximatelytwo
(HOBI Labs, personakcommunication).Adding the purewaterattenuatiorat 532 nm 0.045m1,
theformulafor visibility is

_ 2
- KL +0.045

Thesevisibility valuesare plotted at the three depthsin figure 2.25. Figure 2.26 shaws visi-
bility calculatedfrom the nearsurface a-Betaalong with surface visibility calculatedfrom the
SeaWFS satelliteimageryby researcherat the Naval ResearchLaboratory(OceanOptics Code
7333, http:/mww7333.nrlssc.vg.mil/ocolor/Exerciseskemd _blitz2001/kbind&.html). The NRL
visibility calculationusesdatafrom the SeaWFS 555nm band(20 nm bandwidth).

Y% (2.1)

From theseresults,visibility at the mooring site was substantiallybetterthanwhat operators
werereportingfor nearershore very shallov water(VSW) siteswithin the exercise.The visibility
calculatedrom thenearsurfacea-Betais in generalowerthanthatfrom the SeaWrFS 555nmband
imagery The2/K formulationfor calculatingvisibility is anapproximatiorbasecn theanecdotal
experienceof HOBI Labsresearcherdt is notbasecon HOBI Labsmoreformally andrigorously
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Figure2.25: Visibility atthethreea-Betainstru-
mentsusing the 2/K formulation. Hourly K.
valueswere computedfrom the singleten sec-
ondaverageraw transmissiorvaluereturnedvia
telemetry

developedDiVA (DistanceVisibility Algorithm).
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