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Abstract The desire to gain a better understanding of
coastal processesover the past decade has led to an
increased focus on coastal research in the scientific
community. As an estimated 50% of humanity lives
within 100 miles of a coastine and as national defense
initiatives shift towards littoral regions, this interest in
coastal processeswill continue to grow. The south shore
of the island of Martha’s Vineyard is an ideal location for
the study of the near-shae environment, due to its
uninterru pted, south-facing beach with open ocean
exposure. This areais frequentedby all types of weather
systams, including winter storms, hurricanes, and calm
summer conditions. The seasonalvariations provide a
wide range of biological activity aswell. To support long-
term research in these areas, the Woods Hole
Oceanographic Institution (WHOI), supported by the
National ScienceFoundation, is currently developingand
installing a coastalobservabry systen on the south share
of the Vineyard in Edgartown, MA.

The Martha’s Vineyard Coastal Observatory includes two
sub-seasersor platfor ms connectedto shore via a buried
fiber-optic cable,a land basedmeteorologicalsensormast
located near the waters edge, and dere laboratory. The
observatory is connectedto the WHOI network via a
high-speed network communication link, thus allowing
global accessto the observatory via the Internet. The
normally unmanned shore lab includes more
meteorological sensas, as well as thgpower and telanetry
components of the system. Buried cablesroute from the
shore lab to the sensor mast on the beach, and to the
seafoor nodes. The main seafloor node is on the seabd
at 14 meters depth, approximately 2 km offshore. A
satellite node is located very near the beach, in
approximately 7 meters water depth. The system
architecture is designedto allow simple integration of any
sensor by the implementation of a standard guest port
configuration. Each guest port provides a flexible DC
power interface and a choice of data interfaces, including
Ethernet, RS-232,and RS-422 communication options. A
web-based, graphical user interface provides the user
with total control over his assignedport, allowing him to
power on and off his sensor systen at will, and
continuously monitor its status, from anywhere in the
world.

Figure 1. The Martha©s Vineyard Coastal Observatry

INTRODUCTION

Ocean Obsevatories with real time data and power
transnission capabilities provide scientsts with reliable ard
contiruous acces to their instruments. While similar
observatorysystams are common over land, the difficulties
andrisks associatedwith long-term subseaoperationshave
limitedthe numbersof undernaterobservatorieso but a few.
Recent developments in this field, combined with an
increasedinterestin the shalow water ervironments, have
beguwn to fuel a number of new ingallations. One of thes,
the Martha’s Vineyard Coastal Obsevatory (MVCO), is
currently being developedyy the WoodsHole Oceanograplai
Institution (WHOI), with supportfrom the National Science
Foundatio. Locatedabout2 kilometersoff the south coast
of Marthds Vineyard, this observatoy will provideacces to
the shallow water ervironment near a sauth facing, open
ocean beach. The project was initiated by the Air-Sea
InteractionGroupin the Coastal and Ocean Fluid Dynamics
Laboratory(COFDL) at WHOI, who will usethe observabry



Figure 2: MVCO Overview

to monitor coastal atmospheric and oceaiic interaction.
Otherscientists in COFDL will usethe observatoy to study
beach erosion, sediment transport, and coastal biological
processe$l]. In adlition, the observatoryprovidessimple,
generic power and data interfaces which will be made
availableto any scientistinterestedin comecting instruments
for long or short tetm expaimert. Once comected, the
scientst will havedirectaccessto his or herinstrument from
anywhere n theworld via theInternet.

In 1997, WHOI developednd installed a similar observéory
(LEO-15) for the RutgersUniversity Insiitute of Marine and
CoastalStudies. The MVCO desig integrats a greatdeal of
the concepts,technology and experiencegained by the
succesdul LEO-15 ingallation [2].

SYSTEM DESCRIPTION

This observatoy will consist of a subsea “main-node”
locatedappioximately 2 km offshorein 14.5 metes water
depth. It will be connectedo a shorebasedaboratoryby a
buriedcable. The nodewill serveas a connecton point for
numerous scientific instruments used for long tem
environmental monitoring of the coastal ecoysten. A
second“satellite node” will be installed very close to the
beachin approximately 7 metersof waterdepth. In addition
to the seafoor nodes,there will be a shorebased mast
containhg a suite of meteorologicalsersorsto moritor the
atmospheric conditiors at the site. Scientists are most

interestedn the correlationof the subseadatawith thelocal
atmosphericdata, to gain a better understading of air-sea
and seabottan interactionprocesses. Figure 1 shows the
overall plan for the cable rosit

The locationfor this observing system is directly offshore of
a long, straght south-facing beachproviding ideal exposue
to severecoastalstorm everts tha are of most interestto
mary scientists. WHOI has leasedspaceat the publicly
owned Katama Airfield (which is a grassstrip airfield for
small planes) locatedin Edgatown, MA, and hasconstucted
a small, unmannedshorelaboratoryat the site. The airfield
provides a d&, seare locatim for the shorebased laboratory
with proximity to paver and élecanmunication service.

Shore Laboratory: This structurewill contan the computer
systams and power supplies necesary for controlling the
sersors and logging datalocally. A short mast extending
abovethe laboratorywill hold sensors¢o measire solarand
infrared radiation (a measire of cloudiness),rainfall rate,
temperature, humidity, wind speed, and wind direction.
Normdly the laboratoy is unmamed, with control and data
signals transnitted betveenWHOI andthe observatoryia a
netvork-basedradio link with leasedline backup. The
laboratorywill include anautomaic backup power generabr
to continue operation of the entire system during power
outage. All computer and equipment operation will be
monitored renotely from WHOI.



Figure 3. Shore Laboratoty

Cable Description: The man cable designcorsists of six
AWG 13 coppe power conductors, with high voltage
insulation. Ten single-mode optical fibers are contanedin a
loosetube asseambly at the center of the cable. The coreis
jacketedwith a polyurethanesheah, and is protectedby two
layers of amor wire, with an overall polyethylene outer
jacket. The cable hasa maximum working load of 7,000Ibf
(1,573 Newtons) which is well abovethe antidpatedloading
expected durig the cable istallation process.

The satellitecableis a slightly differentdesgn, incorporatig
two twistedshieldedpairsthat supportserialdataratesto the
satellite node up to 19,200 bits/sec. Two AWG 12 power
conductorscan be usedfor AC or DC power transnisson,
and four single mode optical fibers are included for the
planned future upgradefull network capabiliy. It aso
includes steel anoring and arouter polyetylene jacket.

Figure 4. Directional Drilling of Cableway

Cable Installation: In orderto crossthe beachareawith the
least ervironmental impact WHOI utilized directioral
drilling technology (SeeFigure 3). The drilling operation
provided a sleevedhole, 615 metersin length, betveen the

airfield andthe sedloor (to approximaely 300 metersoff of

thebeach). In additiona se@nd, shorterhole (225 metersin

lengh) was drilled to provide a cablavay to the
meteorological sensor mast (metmast), located on the
beachfront. The s#aor cablewill be buried 2 mers below
the seabedfrom the offshoreendof the drilled sectionto the

locationof the sedloor node(a distanceof approximately 4.5
km).

Figure 5. MVCO Seadfloor Node

Seafloor Nodes: The MVCO will initially include two
seafloornodesBoth nodesare constuctedon pedestabass,
permanently jettedinto the seabed. The pedestakuppors the
instrument frame at a distance of approxmately 0.5 metes
abovethe bottom, in order to allow sandto flow through
without accumulating within the frame. The main node,at
thedeepetocationof 14.5meters,will contan twenty “guest
ports”. Ead guest port is madeavailableto the uservia a
simple, 8 pin undewatermatable connectorwhich provides
connectims for two isolatel DC power supplies and a
remotely progranmabledatainterfaceallowing Ethemet, RS-

232, or RS422 connectios. The sedloor nodeswill be
equippedwith a core set of sersorsincluding an Acoustic
Doppler Current Profiler (RD Instruments Workhorse
ADCP), Acoustic DopplerVelocimeters(SonTekADV), and
an oceanograpib sonde(YSI 6600 which monitors a wide
rangeof waterproperties. Figure 4 shows the constuction of
the main sedloor node. The electronicshousing contains all

the power andtelemetry circuits. The guest port connecbrs
areeasil accesibly by divers Theinstrumentframe, which
is the upper section of the node, is easily recoveredfor
routine maintenance and upgrades. The lower frame (see
Figure 4) contains an oil-filled trangormer box. The
trangormer box contairs three stepdown transformers.
Diver-matable fiber-optic connectors mounted on the
trandormer box provide acessto the main cable’s optical
fibers. Whenthe upperinstrumert frameis recovereddivers
detach the fiber-optic and power connectors,leaving the
trangormer box on the pedest



Meteorological SensorMast: A meteorologicakersor mast
(8 metes tall) is located on the beacliront, in order to
accurate measure marine atmosphericvariablesthat have
beentransportedverthe water to shore. The met-mast has a
core set of sensors that include a 3-axis ultra-sonic
anemometerthemometer (Solent R3) and an infrared
hygrometerCO, sersor (LI-COR 7500), as well as mean
wind speed,wind direction, relative humidity, temperatire,
pressureand CO, sensors. The metmast also includesa
number of extra“guest ports” which areavailablefor geneml
use.

Figure 6: Meteorological Mast

Power and Telemetry: Power to the sedloor nodesis
trangmitted from shore at 1,500 Volts, using single phase
60Hz AC, providing 4 kW of available power offshore.
Poweris derivedfrom the local utility, with generatorbackup
and a Uninterruptible Powe Source (UPS) to maintain
seanlesspower trander during local outage. The autanatic
generator/UPScombination will maintain data collection
capability even during severe storm events. At the seafoor
node, the High-Voltage AC is steppeddown to 240 VAC
using a trandormer. Ead guest port contans intemal
AC/DC converterswhich make isolated12 Volt and24 Volt
DC power suppliesfrom the unregulated AC source. These
power suppy outpus are provided at the guest port
connectors. Power suppl isolation is maintained betveen
portsaswell, allowing for independenground fault sersing
of eachport. Powerproblens on one port do not affectary
other ports. It is interesing to note that only two of the six

available conductorsin the main cable are currently being
used,leaving two sparesingle phaseAC power circuits from
shore(4 kW each),which areavailablefor specialprojectsor
future expasion.

The seafloornode electronis and the met mast eledronics
areessatially identical. Ead is comectedbad to the shore
laboratoryby a 1 GigabitsecEthernetFiberoptic trunk line,
with AC power. At ead nodetherearea numberof idenical
guest ports. The main sedloor node will support 20 ports,
and 10 ports will be providedat the metmast. Initially, the
inshore satdlite nodeis esentially an extenson of one port
from the main node. Evenudly, WHOI plansto upgradethe
satellite node to full capability, similar to the main node.
Each port is assigned an 8-pin comector (Impulse IES8F
undervatermatable at the node). The pins are arrarged as
follows:

24V + (@00Wattsmax)

24V Conmmon

12V + (L00OWattsmax)

12V Common (Data Conmon)

Data RX+
Data RX
Data TX+
Data TX

The power supplies are electically isolatedfrom ead other
and from all other ports. The data lines are remotdy
progranmable for one of three interfacs: 10/100BasT
EthernetRS-232,0r RS422 (RS232andRS422baudrates
are supportedup to 115 kbpg. The datacommon (RS-232
andRS422only) is comectal to the 12V Common pin. The
Ethernet intefface is connected directly to the WHOI

network, and from thereto the World Wide Web. If the user
elects to use RS232 or RS422, these serial ports are
accessiblevia the Etherng using TELNET, custan sdtware,
or commercial COM-Port redirectionsoftware, the latter of
which WHOI will provide to the users. The COM-Port
redirectionsoftware allows usersto run existing Windowsa

applicationsthatnomally comectto alocal COM-Port. The
software automatically redirects the tramsmit and receive
message to andfrom the remote port, overthe Ethernet. For
low speed serial ports gwill evenwork acrosshe Intenet.

The datatelemetlty link betwveen WHOI andthe shorelab will

be via an 11 Megabit/secspreadspectrun radio link with a
56K leasedline as backup. In addition to the existing
network comectims and seial ports available, there are
multiple unclaimed single mode optical fibers betwea the
shorelab andall sensornodes, which are available for uses
with special data requingent.

The userswill be providedwith a pasword protectedweb
pagefor control of their assignedport. This web pagewill
include on/off contols for each power supply, as well as



voltageand currentgauwges, groundfault gawges, anda chedk
box table to select the inface type [3].

All portswill beauomaticdly monitoredfor fault conditions,
including overcurrent,ground fauts, end dda typeviolations
(such as:RS232 levels deted¢ed while RS-422 interface was
selected).If afault is detecte, the port will be automaticaly
shut down, with no effect on any other ports, and an emal
messagewill be sent to the user. The usermay elect to
overridethe fault conditionat his discretion,by selectng the
“fault override” control on thiaport’sweb interface.

WHOI is not providing any datalogging or archiving
servicesto general uses, however acces is providedto the
shorelab, or the MVCO lab at WHOI, if auserwould like to
setup a local computersystem The overall architectureis
based on the relatly simple concept of ariextension cord”,
thus providing the users with direct connectios to their
instruments from arywhere onthe Interng

CONCLUSION

The Martha's Vineyard Coastal Observatoy is currenty
beingingalled off of the south coastof theislandof Martha’s
Vineyard to monitor coasal atmospheric and sub-sea
conditions. This obsewatory will provide scienists with
directly connected acces to the coastal ervironment,
allowing for continuous measurenens of ervironmental
parametes under extreme conditions, including the many
severestoms of the North Atlantic. This observatoy has
beendesignedto bein operationfor a minimum of 25 yeass,
with minimal maintenance. Generic user “guest ports”
provide simple connetion of all types of instrumentation
using corvertional power and datainterfaces. Sparepower
conductorsand optical fibers in the main cable provide for
significant expansion capabilty for future offshore nodes,
AUV docking statons, and special expements.
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