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Abstract. Underwater observatoriegth realtime dataand
virtually unlimited power transmissioncapabilities (when
compared to traditional oceangraghic moaings) are
beginnirg to povide scientistavith continuousaccesgo the
coastal and even open ocean. The Woods Hole
Oceanograpic Institution (WHOI) is committedto efforts
thatareproviding this technol@y to scientists studentsand
the generalpublic. As pat of these efforts, WHOI is
constructinghe Martha’s Vineyaid CoastalObservatoryon
the south shoreof the island in the coastalwatersof the
Atlantic Ocean. This paperdescribeghe new facility, and
in particularits systemarchitectureasdevelopedby WHOI
with support fom theNational Science Fogiation.

1. Introduction

Coastalprocessesare of crucial societalimportance.
Engineersand plamers long have been concerné with
coastalprotection, paticularly in heavily populated areas
where wave attack, setup, and shoreline erosion threaten
coastal structures. Geologists have been struggling to
understandhow the astoishing vaiety of castalgeological
features form and evolve in respmse to nearshoe
processes.Coastalmeteorologistsare only now begnning
to investigate physical processesthat are unique to the
coastalenvironmet, including the adjustmentof the near
surfaceflow to extreme changesin the suface roughness,
differential heatirg, ard extensiveseaspray productionin
the surf zoe.

WHOI scientsts and their colleagues have been
involvedin coastalandnearshordield studiesrarging from
aninvestigationof respiratoy irritations causedy airbome
seaspray generated during outbreaks of redtide
(Woodcock,1948) to morerecentinvestigationsof the flow
structuremeasuredn the atmoseric (Mahrt et al., 1998)
andbottam bounday layers (Lentzand Trowbridge 1991),
wavesin the shoaling(Elgarand Guza 198), suf (Chenet
al., 1997), and swash(Raubenbkimer et al., 19%) zones,
and nearslbre morptological chaages at scalesranging
from sandbars (Gallaghe et al., 1998 to orbital ripples
(Traykovski et al., 1999. To date,none of thesestudies
have taken advantage of Cape Cod and the Islands’
southward facing Atlantic coastline because Martha’'s
Vineyard and the Elizabeth Islands protect the shoreline
from ocea waves, and thus preclude investigation of
wavedrivennearshor@andsuf zone processeslin contrast,
using both coastal research vessels and grourd

transportation, researchershave easy access to the
unpiotectedsouthwad facing shoreof Marthds Vineyard,
allowing nearshee pocesses to be investigated locally.

Figure 1. Cable routes for the MVG. The solid line
indicates he present cable. The dotted lines indichte
cable thatvill be deployedm thenear fiture.

The appoximately 25-km long sauthern shorelne of
Martha’s Vineyard is neary straicht with homogeeots
alongshore battymetry upwind of the predomnantly
souhwestery winds from the open ocean. Waves and
currentscause sediment trarmsport and beach erosion that
resulsin an averaye of 2-3 m of shorelineretreateachyear.
The orientationof the shorelne allows the effects of winds,
waves, and currens in mild and severe conditiors to be
observed,and thus providesa natural laboratoryto study
nearsiore hydrodynamics, sedment transport, biological
and benthic processs, gas trarsfer, aerosol physics, and
coastaimeteorolog.

To take advantageof this shorelineand its research
oppatunities, WHOI is building the Marthds Vineyard
Coastal Observatory (MVCO) near South Beach in
Edgartown(Edsonet al., 2000) The MVCO is nearing
completionard is expectedo be operatinal by the summer



Figure 2. Schematic $iowing thevarious conpanens of he MVCO.

Instruments at the sbre lab and on the

meteorologicamast are operational. The ofifsre nodewill be operational # thesummer of 2001.

of 2001. The project was initiated by scientistsin the
CoastalandOceanFluid DynamicsLabaatory (COFDL) at
WHOI, who will use the observatoy to monitor coastal
atmospheric and oceanic processes. Specifically, the
observatoy is expected to:

« Provide a locatlimatolagy for intensive, shortluration
field campaigns.

« Furtherfacilitate regional studies of coastalprocesses
by providing infrastructurethat sypportseasyaccesgo
power aul data.

¢ Provideareliablesystemand ruggedsensorghatallow
oppatunistic sampling oéxtreme eents.

e Providecontinuaus long tem obsevationsfor climate
studies.

e Providea means for public outreachand educational
programs.

e Provide a compment of a larger network of
observatoriesand platforms for real-time observatios
and initial conditilns for ocean ard atmoseric
models.

The MVCO includesa small shorelab located1.5 km
inland, a 10-m meteaological mast 50-m from the
shoreline,anda subsurfacenode mountedon the bottomin
12-m water depth, 1.5 km offshore as shownin Figure 1.
The meteoralgical andsubseanstrumentations connected
directly to the shae lab via an enbeddedelectreoptic-
power cable. The core set of instruments at the

meteorologicamastwill measurevind spee anddirection
temperature,humidity, precipitation CO,, solar and IR
radiation,ard momentum,heat,ard moisturefluxes. The
core oceamgrghic sensorsat the offshore node will
measure current profiles, waves, temperature salinity,
turbidity, fluorescenceCO,, dissolvedoxygen, and bottom
stress.

Besidesthe core setof instrumentsthe offshorenode
and the meteaological mastwill act as "extensioncords"
into the coastal envimnment becausethey will allow
connectionof a wide rangeof instrumentsfor prolongel
deploymats. The node architectureis designedto allow
simpleintegrationof any sensoiby the implementationof a
standardguest port configuration. Each guest port will
providea flexible DC powerinterfaceand a choice of data
interfaces, including Ethenet, RS-232, and RS-422
communicatioroptions. The observatoy will be connected
to the WHOI network via a high-speed netwak
communications link. A web-tased, graphical user
interface provides the user with total control over his
assignedoort, allowing him to poweron and off his sensor
systemat will, and continuaisly monitor its statusfrom
anywhere irthe world

The systemis designedto be expandable,with spare
powerard fiber-optic connectionsprovidedfor thesefuture
nodes. For example,two otheroffshore nodesare planned
for the nearfuture; a nearshorenodejust outsidethe surf
zone at 6-7 metersdepth ard anoter located5 km from
shoreat 20 metersdepthasshown in Figuresl and2. The



latter node will provide power ard data access to
instrumentsdeployal on an air-seainteractiontower that
will span the coupled boundary layers from the ocean
bottom to eheightof 10-m &ove he sea surface.

2. Owerall Description

The MVCO is located along the souhern coast of
Martha©¥ineyard. This coastlineis characterizedy a 25
km long, southfacing beachwhich providesideal exposure
for the precominantwinds from the southwest. It is also
routinely exposedto severecoastalstormsduring the winter
months that are of paticular interest to the scientists
involvedin this project. Therdore,the MVCO will provide
a unique setting on the East coastto investigatecoastal
processesthat will complement the research being
conductedat the existing observatoriesalorg the eastern
seaboard showim Figure3.
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Figure 3. Some of he coastal observatoriescaobservig
systems alorg the northesternseaboard (yell stars).
Also shevn are theexisting NDBC bugs (red dianonds)
and CMAN stations (green triagles).

2.1 Shore Laborabry

WHOI has leased space at the publicly owned Katama Air
Park, which is a grass srip airfield located in Edgartown, MA,
and has congtructed a small, unmanned shore laboratory at the
site. The airfield provides a safe, secure location for the shore-
based laboratory with proximity to power and
tedlecommunication services The shore laboratory is the
termination point for the fiber-optic/power cable. It contains the
computer systems and power supplies necessary for controlling
the sensors and logging the data locally via these cables. A 10-

meter mast extending above the laboratory holds sensors to
measure solar and infrared radiation, rainfall rate, temperature,
humidity, wind speed and direction. We currently plan to
connect the shore laboratory to WHOI via a wirdess 11 Mbps
datalink with a 56 Kbps leased-line as back-up. The laboratory
includes an automatic backup power generator to continue
operation of the entire sysem during power outages. All
computer and equipment operation will be monitored remotely
fromWHOI.

2.2 Cable Description and Installation

The main cabledesignconsistsof six AWG13 copper
powerconductas, with high voltageinsulation. Tensingle-
modeoptical fibers are containedin a loose-tde assembly
at the centerof the cable. The core is jacketedwith a
polyurehane sheath,and is pratected by two layers of
cross-laidarmorand a polyethylene outerjacket. The cable
hasa maximumworking load of 1,573 Newtons,which is
well abovethe anticipatedloading expeiencedduring the
cable installation process.
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Figure 4. The various teahiquesused in cable burial
White — traditional trerfiing, Yellow- directional drilling,
Green — jetted trench.

The cablewas buried from the shae lab to the plane
parking areausing traditional teciquesalorg the airfield
runway. Therouteis indicatedby the white line in Figure
4. WHOI then utilized directional drilling technolay to
crossthe beachareawith the leastenvircnmentalimpact.
The drilling operatim, accompished in May, 2000,



provided a sleevedhole, 626 metes in length, betweenthe
airfield andthe seafloor (toapproximately 300 metersoff of
the beach). A secondhole (206 metersin length was
drilled to provide a cablewayto the meteoological sensor
mast,locatedon the beachfont. Thesepathwgs aregiven
by the yellow lines irFigure 4.

The seafloorcable hasbeenburied approximately 1 to
1.5 meterbelow the seabedfrom the offshae end of the
drilled section(i.e., the green arrow in Figure 4) to the
locationof the offshorenode. The cable wasburiedusinga
techniquethat reliedon high pressurevaterjetsthatcreated
a trenchfor the cable to fall into asthe opeation moved
along the chle raute. As shownin Figure 1, the cableroute
was chosen to place théfshore node closerto the center of
theisland’scoastline. This positionsthe sensorsn simpler
bathymetry at a location that is upwind of the
meteorological sensorsifsouthwesterly wids.

2.3 Seafbor Node

The MVCO will initially include one seafloornode
with two more planned for the nearfuture The seafler
node will be constructed on a pedestal base that is
permanenthjettedinto the seabd at the offshoresite. The
pedestawill supportthe instrument frame at a distanceof
apprximately 0.5 metersabowe the bottom, in order to
allow sandto flow through without accumulatingwithin the
frame. Thenodewill containtwenty “guestports” which
will be availableto the usersvia a simple,8 pin underwater
matable connecto. Each pot provides electrical
connectiongor two isolatedDC power supplies (12V and
24V) ard a renotely programnable datainterface allowing
Ethernet,RS-232,0r RS-42 connections. The seafloor
nodeswill be equppedwith a coresetof sensorsncluding
an Acoustic Doppler Curent Prdiler, Acoustic Dopple
Velocimeters,an altimeter, and oceangraphic sensorsto
monitor a wide range of water properties including
temperature, salinity, thidity, and dissolved gases.

Figure 5. MVCO seafloor node.

Figure 5 shows the layt d the dfshoreseafloor node.
The electronics housing contains all the power and

telemetrycircuits. The guestport connectos will be easily
accessibleby divers. The neutrally buoyant instrument
frame,which will be the upper sectionof the node,will be
easily recoveretbr routinemaintenancerad upgrales. The
lower frame housesan oil-filled transfomer box. The
transformer box contains three stepdown transformes.
Diver matable fiber-optic connectes mountel on the
transformerbox provide accesgo the main cable’soptical
fibers. When the upper instrumentframe is recovered,
diversdetachthe fiber-optic and powercomectors leaving
the transformebax on the pedstal.

2.4 Meteorobgical Sensor Mast

A meteorologicalsensormast (10 meters tall) is
locatednearthe beachfont, just behindthe presentocation
of thedunes. The mastrisesapproximately8 metersabove
thedunesand 13 metersabose meansealevel. This heicht
places the sensors abawestof the flowdistortioninducel
by the changing bathlymetry (Jensenand Peterson 1978).
Investigationswill be corductedto quantify ard remove the
remainingeffects of flow distortionthat are presentat the
sensor locations atop theast.

The masthasa core set of fast responsesensorsthat
include a 3-axis ultra-sonic anemometer, which also
provides fast-respnse temperatee measurenes derived
from its sound speed measuremnts, and an infrared
hygrometer/CQ sensor. Additional sensorswill measure
the mean wind spe@ ard direction relative humidity,
temperaturepressureamd CO, levelsin the atmosphee.
The fast responsesensorswill measurethe exchange of
momentum,heat, ard massbetweenthe atnosphereand
oceanwhenwinds are onshore. The mastalso includesa
number of extra guest ports that will be available for
general use.

3. Power Sgtam

Therearesix AWG13 powerconductas in the seaflow
cable, with insulation ratings of 2500V. These six
conductes provide for three independent power circuits
offshore. Initially, only one of the three circuits will be
utilized for power to the seafloornode The other two
circuitswill bereservedor the futureoffshorenodes. Each
circuit will be capableof providing 4 kW of powerto a
distance of up to 5 km from shae. Power will be
transmittedfrom shore at 1,500 Vrms, using single phase
60Hz AC.

Poweris derivedfrom the local utility, with geneator
backup and a Uninterrytible Power Souce (UPS) to
maintainseamlespowertransferduring local outages.The
automatic generadr/UPS combinationwill maintain data
collection capability even during sevee storm events. At
the seafloor node, the high-voltage AC will be stepped
down to 240VAC using a transforme.  This 240VAC
supplywill be fed into the main electranics bottle whereit
will be convertedo requlatedDC powerat eat guestport
interface using intemal AC/DC converters. These
convertersuly isolated12VDC and24VDC powerat up
to 100 watts at eaadf theguest ports.



Power supply isolation will be maintained between
ports, allowing ér indepemlentground fault sensingof ead
port. Eat guestport will be monitoredandcontrolledby a
local Motorola 68HC11 micromntroller. This controller
can connector disconnectthe AC input for that port, and
can power on or off the two DC outputs as well. In
addition,it monitorsvoltage curentand ground fault status
for both thel2 VDC and th&4 VDC powersuyply outputs.
The port will be configured to autamatically shut down
powerto a guestport in the event that a fault is detected,
and thus peventfurthe damag.

4. Networked Data Telemetry

The seafloornode electonics and the met mast data
telemetry electronics are essentially identical. Esiwill
be connectd to the shore laboratoy by a 1 Gigabit/sec
Ethernetfiber-optic trunk line with AC power. A Cisco
Systems Ethernet switch provides 24 10/100 BaseT
Network comections at the nodes. The same Ethernet
switch will be usedat the shorelabaatory. Eachswitch
containsa single-male fiber-optic netwaking modiule as
well asthe 24 RJ-45twisted pair comectors. The buried
fiber-optic cableswill be connecteddirectly to the Cisco
Ethernetswitchto transmitthe netwaked dataat 1 Ghpsto
and fiom the shre labaatory.

Becauseall of the sensor nodes will be network
connections,all nodes will be comected together on a
commonEthernemnetworkinsidethe shorelaboratay at the
KatamaAirpark. This network will be connectedto the
global Intemet in two ways. To provide the highest
possiblebandwidthto usersworking locally at WHOI, a
direct connectim to the WHOI campusnetworkis desired.
Currently, an 11 Mbps spread spectum radio link is
plannedas the primary communication link betweenthe
shorelaborabry and WHOI. A 56 Kbps leasedline has
beeninstalledfor useasa preliminay comnunicationlink,
andwill serveasthe backup to the radio link, whenit is
installed.

We expect that many of the scientific instruments
connected to the guest port will initially utilize
asynchronous serial comnunicationinterfacessuchas RS-
232 to ontrol the instrumats and collectlata. Therebre,a
method was needdo intgrate multiple serial pts intothe
Ethernetdatasystem. This functionwill be provided by a
Cisco Systens serial communications server, which
supplies16 serial ports for distribution amang the various
user ports. The comnunicationsserver has an Ethenet
interfacethat comectsto one of the network ports on the
Ethernetswitch. It allows direct IP, telnet, or COM-port
redirectionaccessto any of its serial ports, thus allowing
usersto accesgheir underwatetinstrumentfrom arywhere
on the hternet.

5. Guest Pat Interface

At eachnodetherewill be a numbe of identicalguest
ports. The mainseafloomode will support20 ports,and 10
ports will be provided at the met-mast. Each port is
assignecdan 8-pin underwatermatale conneobr as shown
in Table 1.

The data lines will be remotely programmeable for one of
three interfaces:  10/100BaseT Ethernet, RS-232, or RS-422.
Baud rates up to 115 kbps will be supported on the serid
interfaces. The data common (RS-232 and RS-422 only) is
connected to the 12V Common pin. The Ethernet interface is
connected to the Ethernet switch, which in turn routes al data
traffic over the fiber optic cable to the shore lab, where it will be
routed to WHOI and the World Wide Web.

If the userelectsto useRS-2320r RS-42, theseserial
ports will be accessiblevia the Ethernetusing TELNET,
custom software (direct IP), or commercial COM-Port
redirectionsoftware the latter of which WHOI will provide
to the users. The COM-Port redirection software allows
usersto run existing applicationghat normally connectto a
local COM-Port. The softwareautamatically redirectsthe
transmittedand receival message$o and from the renote
port, over the Ethernet. For low-speel serial portsthis will
evenwork acrossthe Internet. However,we expect that
most userswill store data locally and accessthis data
remotely.

Table 1. Pin Assgnnerts for the Guest Ports
Pin1 12V + (100 Watts max)

Pin2 12V Common (Daa Comman)
Pin3 24V + (100 Watts max)

Pin4 24V Comnon

Pin5 DataTX+

Pin6 DataTX-

Pin7 DataRX+

Pin8 DataRX-

6. Conclwsions

The Martha’'s Vineyad Coastal Observatory is
currentlybeinginstalledoff of the souh coastof theisland
to monitor coastal atmosphericand sub-seaconditions.
This observatgr will provide scientistawith directaccesgo
the coastal envirorment ard allow contiruous
measurementsof ervironmental paraneters unde all
conditions, including the severe storms of the North
Atlantic. The observabtry has been designedto be in
operation for a minimum of 25 yeas, with minimal
maintenance. Geneic user guest ports provide simple
connection of all types of instrumentation using
conventimal power and data interfaces. Spare power
conductes andoptical fibersin the main cableprovide for
significant expansioncapability for future offshore nodes,
AUV docking stations, ahspecial experinms.
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