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Abstract—The Ocean Observatories Initiative Cabled Array
has provided an unprecedented real-time window on the dynam-
ics of Axial Volcano since fall 2014. In April and May of 2015, for
the first time, researchers on shore were able to monitor an erup-
tion event as it happened. The seismic, deformation and acoustic
signals sent to shore were analyzed to determine the precise loca-
tions of diking events, followed hours later by acoustic impulses
corresponding to lava expulsion from the seafloor. Although
these locations informed follow-up Autonomous Underwater
Vehicle (AUV) mapping expeditions which produced high resolu-
tion bathymetry, to date, the evolution of an eruptive event and
its immediate impact on the surrounding ecosystem have not
been observed. Although the 70,000 km-long mid ocean ridge
(MOR) must generate many hundreds of powerful, transient
events every year, they have never been characterized as they
form.

We envision a Resident AUV with in situ charging and data
download capabilities, shore-based mission control, and an array
of bottom-mounted acoustic positioning beacons that can concur-
rently be used as a multi-hop sensor network. This system will
provide unprecedented observing capabilities before, during, and
after the next eruption and formation of the highly energetic
eruptive (mega) plume. AUV capabilities will include high-
resolution bathymetry, high definition video and still imagery,
and 3-D water chemistry and microbial sampling throughout the
water column, while the acoustic array will monitor horizontal
and vertical deformation.

Keywords—AUV, Axial, MOR, Cabled Array, OOI, acoustic
network, optical communication, docking, Resident AUV, wireless
Ppower transfer

1. INTRODUCTION

The Mid-Ocean Ridge (MOR) system extends around the
world as a highly active 70,000 km-long submarine volcanic
mountain chain present in every ocean basin. It is continuous-
ly spreading apart, adding new seafloor material to existing
plates along this global volcanic center. While most of the
oceanic crust on earth is generated by eruptions along the
MOR system, interactions between the submarine volcanic
activity and overlying oceanic ecosystems are poorly under-
stood owing to their remote locations beneath one to four kil-
ometers of seawater. As a consequence, MOR eruptions are
rarely observed and their immediate effects on overlying ma-
rine ecosystems have never been assessed as the process is
unfolding during and shortly after the eruption when the
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plume is most potent. Tracking the long-term behavior of even
a small section of this powerful planetary-scale submarine
volcanic feature would contribute substantially to our under-
standing of a host of complex oceanic processes triggered by
the many energetic, but short-lived MOR eruptions. There is
some evidence that these plume-eddy features are similar to
the much better known phenomena of Meddies [1,2].

Axial Seamount (Fig. 1) is a highly active MOR volcano
located along the Juan de Fuca (JdF) spreading center between
the Pacific and JdF tectonic plates. It represents the intersec-
tion of a segment of the Mid-ocean Ridge system with the
present location of the Cobb-Eickelberg Seamount Chain or
Hot Spot. As such, Axial Volcano stands well above the sur-
rounding seafloor, and the ridge crest, owing to the excess
magma supply from the Hot Spot. Because Axial is situated
astride the spreading center, its two sides are spreading apart
from one another at about six centimeters a year.

Axial is now uniquely instrumented and connected to the
internet via a network of electro-optical cables extending near-
ly 400 km from Pacific City, OR, with extension cables dis-
tributed across the floor of the Axial Caldera. This network
was recently installed as an essential component of the Na-
tional Science Foundation’s Ocean Observatories Initiative
(O0I) Infrastructure Construction Phase (OOI Web site). It
now provides real-time, interactive network connectivity and
power between shore-side researchers and educators and data
streaming from tens of seafloor and water-column sensor
packages located on and near Axial Seamount.

In late April, 2015, the Axial sensor suite captured the
seismicity, deformation, and temperature changes associated
with a much-anticipated Axial eruption occurring within, and
to the north of, the central caldera (green outlines in Fig. 1).
The caldera is 3 km x 7 km depression in the 1500 m deep
summit of this volcano. For the first time in history, a highly
active submarine portion of the global MOR system has been
turned into a permanent-presence, natural lab allowing
scientists and educators to have direct access to the myriad
processes operating along this type of planetary-scale Mid-
Ocean Ridge System. This unique access offers the
opportunity to make use of the unprecedented electrical power
and nearly unlimited bandwidth in the form of a remote, real
time, experimental laboratory to study the complex
interactions of oceanic crustal formation with the physical,
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chemical, and biological systems that comprise many marine
ecosystems above. The processes of such active volcanoes
involve both energetic, transient eruptions, as well as the
longer-term injection of exotic microbes, crustal-derived trace
element chemistry (e.g. Fe), and excess thermal energy, as
they are dissipated into the surrounding regional oceanic
ecologies.
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Fig. 1. Axial Volcano is small hot spot volcano situated atop the Juan de Fuca
Ridge about 400 km west of the coast of Oregon. It is both wired and restless
in that the OOI electro-optical cable from Pacific City is linked to a host of
instruments inside the caldera and on the eastern flank of the seamount. Lava
flows from two eruptions in the past 5 years are shown in colored outlines. We
believe that this volcano is the perfect opportunity to deploy a “Resident”
Autonomous Underwater Vehicle to constantly study the evolving physical,
chemical and biological conditions in, on, and above this representative of the
planetary scale Mid-Ocean Ridge System.

Although real-time data tracking of the eruption in 2015
enabled scientists to localize the events and plan response
cruises, it was still months before ships could be rescheduled
to survey and sample the processes operative during the erup-
tion. Particularly disappointing was the inability of a substan-
tial scientific community to access, quantify, and sample the
dynamic, microbe-laden event-plumes, or “mega-plumes”,
injected into the overlying ocean during the eruption. Most of
the water-column effects of this powerful, transient phenome-
non were dissipated by the time the first scientific cruises in-
vestigated the region 3.5 to 4.5 months after the April event.

To date, no mega-plume has been examined during and
immediately after formation, although the submarine portion
of the MOR must generate many hundreds of such transient
events every year, they have never been documented, quanti-
fied or even characterized as they form, evolve, and interact
with normal oceanic systems, then dissipate somehow into the
surrounding ocean as they migrate away from the source as
Coriolis-influenced eddies. What their regional and global
impacts are historically, or might be in the present climate
change environment, is simply unconstrained by any data.

The difficulties our community has in responding in a suf-
ficiently timely manner to allow submarine MOR eruptions to
be fully characterized from the outset, arises from our inability
to obtain foreknowledge of when and where volcanoes under
the sea may erupt. Also, because most academic research ves-
sels are committed many months, to several years, in advance
and because planning for cruises is complex and time-
consuming, it is clear that rerouting a ship, and an onboard
Remotely Operated Vehicle (ROV), also scheduled well in
advance, for an immediate eruption response cruise is simply
not “in the cards”.

However, we believe that there are now significant solu-
tions to this dilemma, brought about by technological ad-
vancements on several fronts. The first is the existence of a
fiber-optic network that can not only determine what is hap-
pening on a MOR system, but can determine where the major
events are taking place. With that certainty in both timing and
location, the power and real-time connectivity of the cabled
system also enables several next generation approaches to be
strategically and tactically implemented in a timely and adap-
tive response to such eruptive events. In the best case, an au-
tonomous underwater vehicle (AUV) could be permanently
deployed, in residence, on top of Axial Seamount with the
option of interacting with a hardwired docking station con-
nected directly to the cable, allowing batteries to be charged
wirelessly and high volumes of data transmitted between
AUV and shore via optical modem in near real time. The con-
cept of this type of system is developed below, along with a
fully integrated, and complementary, acoustic vehicle naviga-
tion system which will function simultaneously as a data net-
work and horizontal-ranging geodetic system.

II. PROPOSED SYSTEM

Developing a complete picture of how the subseafloor in-
teracts with the overlying water column requires augmentation
of existing cabled infrastructure by systems capable of:



1. Quantifying the energy, chemical, and microbial fluxes
between the seafloor and water column during a vol-
canic eruption;

2. Characterizing, in real-time, the formation, evolution,
and dissipation of eruptive plumes;

3. Tracking the evolution of seafloor features between
and during eruption events; and

4. Monitoring biological populations on the seafloor and
in the overlying water column.

During eruptions, which may last from days to weeks, par-
ticulate-rich and microbially-charged, thermally buoyant ef-
fluent are released, rising approximately 600 to 1000 meters
above the seafloor as they coalesce into coherent plumes and
large neutrally buoyant eddies, driven by Coriolis effects,
along a particular pycnocline. Lava flow boundaries measured
through bathymetric surveys following eruptions in 2011 [3]
and 2015 [4] show that lava formation, and likely plume for-
mation, are not localized to a single site within the caldera, but
may be distributed over the surface area of a flow and perhaps
the eruptive fissure itself. However, through the triangulation
of seismic signals received from the cabled array, eruption
locations may be determined in real-time. Therefore, the ideal
system to fulfill the objectives listed above must be highly
adaptable, such that it can perform multiple measurements and
sensing tasks both near the seafloor and up in the water col-
umn over the entire caldera and volcanic summit, while rapid-
ly responding to retasking signals from shore as the situation

evolves in real-time.

To meet these requirements, we propose a “Resident” Au-
tonomous Underwater Vehicle (AUV) system (Fig. 2) coupled
with an acoustic array designed for navigation, ranging, and
data-routing. A control/communications node and vehicle
charging station will be connected directly to the cable, there-
by establishing a gateway between the wireless components
and the cabled infrastructure. Through this gateway, operators
on shore will be able to interact with deployed vehicles and
acoustic nodes in near-real time. Each individually-
addressable component will be accessible, even when operat-
ing many kilometers from the gateway, through multi-hop
acoustic networking. The envisioned system leverages techno-
logical advances in acoustic wireless sensor networks, AUV
systems, wireless power transfer, and optical communications
to deliver unprecedented long-term remote resident robotic
operations.

A. Acoustic Navigation, Ranging and Communications
Network

Acoustic transponders are regularly used in the ocean as
navigation and ranging beacons, and as low-bandwidth data
links. Many modern acoustic devices combine these functions
in a single unit. Despite the challenges of limited sound
propagation speed (in comparison to radio frequency signals
on land), and acoustic rays refracting upward from the
seafloor, Freitag et al demonstrated reliable acoustic
communications at 2 km spacing between nodes mounted near
the seafloor and transferring data to the MARS cabled
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observatory [5]. In multiple other studies, network protocols,
descended from RF and cellular applications, have been
modeled and implemented in ocean applications [6,7].

In the proposed Axial network, at least one acoustic gate-
way node will be connected, at the docking station, to the ca-
bled infrastructure. At 2 km spacing, an array of 10 wireless
nodes would adequately span the 7km x 3 km caldera, with
each node able to “talk” to one or more of its nearest neigh-
bors. Each acoustic node will be capable of routing incoming
data “telegrams” toward the cabled gateway to be subsequent-
ly transmitted ashore through the electro-optical cable.

The Axial acoustic network serves multiple purposes. It is:

1. An AUV navigation array: As an AUV navigates the
caldera it will maintain accurate location awareness
through position information transmitted to it by
acoustic nodes.

2. A real time two-way communications interface: As
AUV operations progress several kilometers away
from cabled infrastructure, the AUV will periodically
report its location to the nearest acoustic node, which
will propagate that data towards the gateway, giving
remote operators real-time feedback on AUV opera-
tions. In response to an event detection on the cabled
infrastructure, the acoustic network will broadcast a
re-tasking message, sent from shore, to remote AUVs.
Without this capability, it could be many hours before
an AUV might return to the dock from a mission.

3. A seafloor deformation detection array: Accurate hor-
izontal ranging between acoustic nodes coupled with
integrated pressure sensors will be used to detect cen-
timeter-scale or smaller deformations in the seafloor.
This technique was demonstrated by Chadwick in
2000 [8], and can be enhanced by using the Resident
AUV to precisely measure sound velocity between
node pairs. Changes in seafloor venting patterns that
may influence sound speed may also be detected and
disambiguated from horizontal deformations by this
method.

4. A flexible means of laboratory expansion: Once de-
ployed, the acoustic network will provide a means of
adding low bandwidth sensors and instrumentation to
Axial Seamount without the need for running new ca-
bles. Each added nodes provides increased acoustic
link redundancy to the network.

Underwater fixed/mobile networks have been demonstrat-
ed and used for a variety of applications, including under ice
research [9] and military systems [10]. Unlike pure ad hoc
networks, where each node has knowledge only of itself and
its nearest neighbors, a “headed” network, with a single point
of data collection at the gateway, allows for a global view of
network. This enables efficient routing assignments to be
managed from shore and modified as the network evolves.

B. Resident AUV

AUVs have played an increasingly important role in Mid-
Ocean Ridge Science. On Axial volcano, multiple high resolu-

tion AUV surveys have been performed by the MBARI Map-
ping AUV (Dorado) over the last decade [11,12], effectively
identifying eruptive fissures and characterizing new lava
flows. Prior to the installation of the OOI cabled array, these
campaign-style expeditions provided a primary means of de-
termining that an eruptive event had actually occurred, but
because these capable platforms arrived on the scene long
after the volcanic plume was dissipated, operations to date
have been unable to characterize the evolution of the oceanic
portion of the eruptive event and it’s immediate impact on the
surrounding marine ecosystems.

Stationing a Resident AUV on Axial provides “new eyes”
with which to view and explore transient MOR events as they
happen. Coupled with a cabled docking station and acoustic
network that functions as both a long baseline navigation array
and a communications network, the AUV will be able to con-
duct seafloor mapping as well as data collection throughout
the water column with accurate positioning and the ability to
transmit and receive on-the-fly information and re-tasking to
and from shore-based operators.

The AUV will periodically report its position through the
network to operators on shore. In order to carry out its objec-
tives, it will regularly transit near the seafloor for video docu-
mentation or sonar imaging, and within the water column,
from 500m to 1600m water depth, to measure a variety of
water properties. The Axial Resident AUV payload could be
similar to other research and mapping class AUVs, such as
WHOTI’s Sentry AUV and MBARI’s Dorado class AUVs.

The following list represents a likely set of on-board sci-
ence and engineering sensors:

Science Sensors Engineering Sensors

Inertial Navigation System
(INS)

Doppler Velocity Log (DVL)
Sound Velocity Sensor
Depth Sensor

Multibeam Sonar

Sidescan and Sub-bottom Sonar
High definition Video Camera
Conductivity, Temperature,

D.epth (CTD) Attitude Sensor (pitch/roll/yaw)
Dissolved Oxygen sensor Forward-looking sonar (obsta-
Eh sensor cle avoidance)
Methane sensor Acoustic Modem/Navigation
Turbidity Meter Beacon

Optical Modem

The Resident AUV system will operate in one of two
modes: baseline mode or event response mode. In baseline
mode, the AUV will conduct regular mapping, imagery col-
lection, and water column missions. At the leisurely pace of
less than two 10-hr missions per week, the AUV could com-
plete a high-resolution bathymetric survey of the entire calde-
ra every two months and have plenty of time to spare for wa-
ter-column work, video collection, and horizontal sound ve-
locity profiles to improve ranging by the acoustic nodes. Be-
tween missions, the AUV will return to its docking station to
wirelessly recharge its batteries and to optically upload data to
be transmitted, via cable, to shore.
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the surrounding oceanic ecosystem.

When not conducting one of its primary scientific mis-
sions, the AUV will perform inspections and servicing of oth-
er installed equipment. For example, an AUV might transit to
an acoustic node reporting that it has a low battery and a large
amount of stored data that is impractical to send over the
acoustic link. Acting as a power and data agent, the AUV
would use its own stored energy to recharge the node while
simultaneously uploading stored data for transfer to the gate-
way.

The operational tempo of the AUV will significantly ramp
up with the first detection of an eruption event, likely to occur
through real-time analysis of cabled seismic data. If the AUV
is currently operating away from the dock, the acoustic net-
work will be used to send a basic set of re-tasking commands.
Throughout the eruption event, the AUV will operate continu-
ously to monitor the eruptive plume and dynamic seafloor,
stopping only for battery charging and simultaneous data up-
load. Data aggregated on shore from cabled components and
the AUV will provide inputs into missions created ‘on-the-fly’
to observe the evolution of the eruptive event.

Fig. 3 depicts AUV operations both within the eruptive
plume and near the seafloor. Complementing the Resident
AUV observations, autonomous gliders would provide further

tracking of the plume’s signature as it dissipates, and begins to
migrate away from the eruption site.

Because the volcanic plume is buoyant at the seafloor and
rises through the water column, spreading as it rises, precision
navigation and vertical stability control will be required of the
AUV. Most mapping AUV systems rely on an on-board Iner-
tial Navigation System (INS) to maintain position awareness,
but even the most accurate laser ring gyro INS systems can
drift without corrections from auxiliary systems, like the Dop-
pler Velocity Log (DVL), GPS or shipboard USBL. Subsur-
face, there are no GPS signals and once the AUV rises up 100-
200m off of the seafloor, DVL beams can no longer track the
bottom. However, with an array of fixed nodes at known loca-
tions, the AUV can use Long Baseline techniques to maintain
sub-meter navigation accuracy.

Effective characterization of the eruptive plume requires
maneuverability and, ideally, hovering within the plume. Mul-
ti-thruster AUV designs, like WHOI’s Sentry and the Saab
Sabertooth, can deliver up to six degree of freedom maneu-
verability. While multiple thruster systems are generally more
maneuverable, there are often power consumption tradeoffs
when compared to a single thruster, torpedo-shaped AUV.
Conveniently, operating within the range of a submerged



docking station with ample power available for battery re-
charge makes this a reasonable trade in return for the precise
vehicle control that is realized in return.

C. Docking Station (wireless power and high-speed data
transfer)

The key system that enables expansion from the cabled ar-
ray to a wireless network of fixed and mobile nodes is the
AUV docking station/communications gateway. The docking
station will transfer power to the AUV system, and serves as
the gateway to the cable’s high-bandwidth data network. The
most efficient way to transfer power and data is through phys-
ical wired connections, but autonomously mating a connector
to the AUV requires a precision mechanical coupling that is
difficult to mate and can wear over time with repeated ma-
te/demate cycles, thereby reducing the integrity of the connec-
tion. Multiple wireless power and data transfer technologies
offering high power transfer efficiency and respectable band-
widths, respectively, have recently been developed and
demonstrated in ocean environments.

The McLane deep profiling system, modified by the Uni-
versity of Washington and installed on the OOI cabled array,
uses inductive battery charging to transfer energy from the
cable, and wifi communications to download data [13]. While
inductive charging requires very close range, adaptive reso-
nant wireless power transfer techniques are now being used to
achieve 70% power transfer efficiency with less sensitivity to
range and alignment of transmit and receive coils [14]. These
systems are well-suited to subsea operations as they are fully
functional in salt water, and the coils can be molded into non-
corrosive polymers.

The acoustic network used for positioning and simple
commands is not practical for the large volumes of data that
will be collected by the AUV system. Multibeam and video
files can easily reach several gigabytes, so efficient data trans-
fer is imperative. Therefore, it will be necessary to equip the
AUV docking station with a complementary high-bandwidth
data transfer system. optical modems, developed at Woods
Hole Oceanographic Institute [15] and commercialized by
Sonardyne, are capable of data rates of up to 500 Mbps [16],
making them an attractive solution for wireless data transfer.
With ranges up to 50m, optical modems can also enable
“wireless tether” AUV operations, during which a remote op-
erator (on land) takes full control of AUV operations with
real-time video feedback.

III. TECHNICAL CHALLENGES

Autonomous Underwater Vehicle (AUV) system residency
represents a significant step for AUV systems, which are typi-
cally deployed from surface ships and recovered for data
download and battery recharge after tens of hours of opera-
tions. Deployments that may last months to years present the
specific challenges of maintaining system reliability and con-
ducting long-term autonomous operations.

A Resident AUV must operate reliably for months to years
between maintenance cycles. Because most of the AUVs in
use today have much shorter mission times, it is often ac-
ceptable to replace or service worn or failed components fre-
quently. As documented by Podder, et al, of MBARI in 2004,

there are multiple failure modes for AUV systems [17]; how-
ever, the system’s mean time between failure improves over
time as faulty or premature subsystem failures are corrected.
To achieve long-term residency, a thorough review of compo-
nent and material selection should be conducted as well as
extensive testing. By incorporating more rigorous industrial
practices, such as accelerated life testing, we can develop con-
fidence in the vehicle’s ability to endure long deployments,
just as we expect our appliances and automobiles to operate
when we need them.

Docking stations for AUVs were demonstrated by MBARI
in 2008 [18], with a number of custom docking stations being
developed by commercial vendors like Kongsberg-Hydroid,
Battelle-Bluefin, and Saab Underwater Ltd. since then. To
make long term Resident AUV operations feasible, autono-
mous docking operations must become routine, which requires
both precise vehicle control and sophisticated guidance sys-
tems. Most docking stations use acoustic homing signals to
guide AUVs into docked positions, but it is also possible to
augment the acoustic system with optical signals and comput-
er vision [19].

Wireless charging systems have been demonstrated both
on land and in water, but these systems must be integrated
with sophisticated AUV docking stations and hardened for
long-term operations in the extreme environments of the deep
ocean.

Because of increasing demand for Resident AUV systems,
not only for academic research, but also in industry, new ad-
vanced AUV systems, like the Saab Sabertooth [20], are being
developed to meet offshore vehicle residency needs. As AUV
developers look to fill this demand, it may open up unique
partnering opportunities between academic, industrial and
military AUV users.

V. DISCUSSION

We have argued that unique scientific and technological
opportunities arise from the recent successful implementation
of the OOI Submarine Sensor-Robotic Fiber-optic Network
off the WA-OR Coast. These opportunities build on the con-
siderable real-time instrumental coverage of a portion of the
Juan de Fuca Ridge, as well as continuous access to unprece-
dented electrical power and communications bandwidth at
Axial Seamount, a highly active Mid-Ocean Ridge Volcano.
There has never been comprehensive scientific documentation
of any submarine volcanic eruption before, during, and after
the eruptive event to analyze the impacts that such a common
phenomenon must have on the overlying oceanic ecosystems.

We will be able to measure high-energy fluxes of heat,
chemicals, organisms and particulates that issue from below
the seafloor and mix rapidly with the dynamic overlying
ocean. Technologically, we are now in a position to support a
highly capable, fully controlled, extensively instrumented
Resident AUV docked on a link connecting through the exist-
ing cabled infrastructure (shown in Figs. 1, 2, and 3). By pur-
suing this combination of opportunity and challenge, ocean
scientists could, for the first time ever, demonstrate the ability
to remotely detect, define, respond to, and thoroughly charac-
terize a dynamic and complex oceanic system as it occurs in



real-time, taking samples, making measurements of tempera-
ture, chemical, particulate and microbial gradients within an
unpredictable transient event.

In an era of changing climatic patterns, ocean acidifica-
tion, fossil fuel depletion, remote ecosystem assessment, man-
agement and policy development, we have an opportunity to
vastly enhance our ability to interactively document and un-
derstand the natural interplay of the complex processes that
comprise our global ocean ecosystem. At present, we know
relatively little of the processes taking place within the oceans
of our home planet. Energetic eruption events on the MOR
system offer an opportunity to develop novel, generalizable,
interactive approaches to understanding spatial-temporal vari-
ations in the oceans, with humans “in the loop”, without hav-
ing to be physically present. Utilizing these opportunities to
develop flexible and highly capable remote systems as exten-
sions of human inquiry and discovery in the undocumented
domains of the ocean will become increasingly valuable in the
coming decades.

A Resident AUV system elegantly addresses these scien-
tific objectives while offering a multitude of synergies as an
augmentation to the existing cabled infrastructure. Despite the
challenges of the harsh seafloor environment for long-term
autonomous operations, the building blocks of the system: an
acoustic navigation, ranging and data network; capable and
reliable AUV platforms; and cabled AUV docking system
components, including wireless power and optical data trans-
fer, exist and have been demonstrated both theoretically and in
practice.

V. ACKNOWLEDGEMENTS

The authors would like to acknowledge several people for
sharing their thoughts, insights and data pertaining to the sci-
entific merit and technological feasibility of a Resident AUV
system at Axial. Early discussions with Kendra Daly of U of
South Florida, Doug Luther of University of Hawaii and with
Rick Thomson of IOS in Victoria, BC, have helped to define
components of the scientific discussion; valuable input from
Ed Baker is much appreciated in terms of how “Event” or
“Mega” Plumes form. Gary Harkins, Deb Kelley, and Aaron
Marburg of the UW have also been a strong supporters of
these developing ideas. Dana Yoerger was instrumental in
demonstrating the range and power of AUV’s to JRD over the
years. Hunter Hadaway and Mark Stoermer, of the Center for
Environmental Visualization, contributed to the graphical de-
velopment of this paper.

VL REFERENCES

1. Iorga, M. C., and M. S. Lozier, 1999a, “Signatures of the Mediterranean
outflow from a North Atlantic climatology. 1. Salinity and density
fields”, J. Geophys. Res., 104, 25,985— 26,009,
doi:10.1029/1999JC900115.

2. lorga, M. C., and M. S. Lozier, 1999b, (Signatures of the Mediterranean
outflow from a North Atlantic climatology. 2. Diagnostic velocity
fields,”, J. Geophys. Res., 104, 26,011-26,029,
doi:10.1029/1999JC900204.

3. Caress, D. W., D. A. Clague, J. B. Paduan, J. Martin, B. Dreyer, W. W.
Chadwick, Jr., A. Denny, and D. S. Kelley, “Repeat bathymetric surveys

at 1-metre resolution of lava flows erupted at Axial Seamount in April
20117, 2012, Nature Geosci., 5(7), 483-488, doi:10.1038/NGEO1496.

20.

Chadwick, W. W., Jr., B. P. Paduan, D. A. Clague, B. M. Dreyer, S. G.
Merle, A. M. Bobbitt, D. W. Caress, B. Philip, D. S. Kelley, and S. L.
Nooner (submitted 2016), “Voluminous eruption from a zoned magma
body after an increase in supply rate at Axial Seamount, Science”.

Freitag, L., Ball, K., Koski, P., Singh, S., Gallimore, E., “Acoustic
Communications for Deep-ocean Observatories: Results of Initial Test-
ing at the MBARI MARS Node”, Oceans 2010 Sydney, 2010.

Foo, K.Y., Atkins, P.R., Collins, T., Pointer, S.A., Tiltman, C.P., “Sea
trials of an underwater, ad hoc, acoustic network with stationary assets”,
IET Radar Sonar Navig., 2010, Vol. 4, Iss. 1, pp. 2— 16.

De, Mandal, Chakraborty, “On the characterization of Aloha in under-
water wireless networks”, Mathematical and Computer Modelling, June
2011, Vol. 53, Iss. 11-12, pp. 2093-2107.

Chadwick, W., Stapp, M.., “A deep-sea observatory experiment using
acoustic extensometers: Precise horizontal distance measurements
across a mid-ocean ridge”, IEEE Journal of Oceanic Engineering, 2001.

Mikhalevsky et al., “Multipurpose Acoustic Networks in the Integrated
Arctic Ocean Observing System,” ARCTICVOL. 68, SUPPL. 1, 2015,
pp. 11-27.

Rice, J, “SEAWEB Acoustic Communication and Navigation Net-
works”, Proceedings of the International Conference, Heraklion, Crete,
Greece, 28th June — 1st July 2005.

Thomas, H. et al., “Mapping AUV Survey of Axial Seamount”, Ameri-
can Geophysical Union, Fall Meeting 2006, abstract #V23B-0615.
Clague, D., Paduan, J., Dreyer, B., Caress, D., Martin, J., “High-
resolution AUV mapping and lava flow ages at Axial Seamount”, Amer-
ican Geophysical Union, Fall Meeting 2011, abstract #V14C-05.

Alford, M, McGinnis, T, Howe, B, “An Inductive Charging and Real-
Time Communications System for Profiling Moorings”, JTECH, Dec
2015.

Sample, A., Waters, B., Wisdom, S., Smith, J., “Enabling Seamless
Wireless Power Delivery in Dynamic Environments”, Proceedings of
the IEEE, Vol. 101, No. 6, June 2013.

N. Farr, A. Bowen, J. Ware, C. Pontbriand and M. Tivey, "An integrat-
ed, underwater optical /acoustic communications system", OCEANS
2010 IEEE - Sydney, Sydney, NSW, 2010, pp. 1-6.

Sonardyne Bluecomm product datasheet, 3/2016,
(http://www.sonardyne.com/images/stories/datasheets/Sonardyne Blue
Comm.pdf).

Podder, T., Sibenac, M., Thomas, H., Kirkwood, W., Bellingham, J.,
“Reliability Growth of Autonomous Underwater Vehicle - Dorado”,
OCEANS 2004, MTTS/IEEE TECHNO-OCEAN '04 (Volume:2 ), pp.
856-862.

McEwen, R, “Docking Control System for a 54-cm-Diameter (21-in)
AUV, IEEE Journal of Oceanic Engineering, Oct 2008, Vol. 33, No. 4,
pp-550-562.

Park, J., “Experiments on vision guided docking of an autonomous
underwater vehicle using one camera”, Ocean Engineering, Jan 2009,
Vol. 36, Iss. 1, pp. 48-61.

Siesjo J, Roper C, Furuholmen M, “Sabertooth a Seafloor Resident
Hybrid AUV / ROV System for Long Term Deployment in Deep Water
and Hostile Environments”, UUST 2013, Aug 12, 2013.




	Return to Main Menu
	Return to Previous View


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




