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The People

* Panelists:

 Colin Bradley/Alison Proctor (Univ. of Victoria)

o Keith Davidson (Office of Naval Research)
e Dale Green (Teledyne Benthos)

e Tommaso Melodia (Buffalo Univ.)
e Michele Zorzi (Univ. of Padova)

* Moderator:

e Jun-Hong Cui (University of Connecticut)
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pplications & Requirements

* A wide range of applications

Scientific: (biological, chemical, physical) oceanography, deep sea archaeology ...
e Environmental: pollution detection, climate change, global warming ...

e Commercial: oil/gas field monitoring, fishery, treasure discovery ...

e Defense/HS: Navy, costal guard, harbor protection, port control ...

* Desired properties
e Unmanned underwater exploration
e Localized and precise data acquisition for better knowledge
e Wireless underwater networking for motion agility/flexibility
e Scalable to 10’s, 100’s of nodes for bigger spatial coverage
e Real-time & interactive user query and system response
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The Ideal Technique:

Smart Ocean Technology
aka
Distributed Cyber Aquatic System (DiCAS)
aka
Underwater Wireless Networked Sensing
aka
Underwater Sensor Networks (UWSNs)
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esearch Issues

* Five indispensable aspects
e Communication
« Acoustic communication and networking
e Computing
- Balance computation and communication
e Sensing
- Sensing probes directly contact with water mass
e Power
» Power hungry communication, harsh environments

e Platform
« Each sensor needs a “carrier” (i.e., platform) in water
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Communication

* EM, optical, acoustic ...
» Unique characteristics of acoustic channels
e Low available bandwidth
e Long propagation delay
e High error probability
e High T/S dynamics
* Harsh networking environments
e Passive or active node mobility

* New research at every level of the protocol suite is
demanded !!!

e Reliable, robust, energy efficient underwater networking
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Computing (Cyber Control)

» Capacity of acoustic communication is much lower than that of
radio communication

* A design philosophy: trade computational complexity for
communication performance
* Fundamental challenges in computing
e Hardware: e.g., micro-controller
e Software: e.g., operating system

e In-network processing: data sampling, data fusion, data storage, data
management, etc.



Sensing

* Underwater sensors have direct contact with water

* Relatively mature underwater sensing technologies
e Temperature, salinity, pH, O,, current, etc.
* Significant challenges in designing sensors
e Geochemically and biochemically characterize
environment (PO,, NO,, NH,, Eh, Fe*>, Mn*2, CH )

e Heavy metal (e.g., mercury, iron) sensors, imaging
sensors, fiber-optical sonar array;, etc.
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Power

* Energy efficiency is much more critical for DiCAS
e Acoustic communication much more power consuming
e Underwater deployment environments much harsher

* A wide spectrum of aspects for power efficiency
* Novel battery design (e.g., microbial fuel cell, MFC)
e Low-power circuit design
e Power management

e Power harvesting
» Bio-mass, waves, tide, thermal, winds, solar, etc.
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Platform

* Sensors need carriers (i.e., platforms) in water

* Depending on applications, a platform
e Can be anchor, buoy, drifter, or smart mobile “carrier”
e Should be much more energy efficiency (than AUVs)
e Bio-inspired platforms: jelly fish (Festo), manta ray (EvoLogics)

® A biomemtric jellyfish sensing platform
e Developed by our URI collaborators
e Basic idea mimics jellyfish

e Saves energy by reducing propulsion speed & taking advantage of
ocean stratification
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Summary

* Smart Ocean Technology
e [sa challenging and promising new area

e Requires interdisciplinary efforts from
« Communication
« Computing
 Control
 Sensing
» Power
» System
- Robotics
- Signal processing
» Pilot applications

* WUWNet = a bigger community on smart ocean tech?
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Future Directions on UW Comm. and Net.

* New methods
e Cooperative communication
e Cross-layer design, MIMO, ...
* Practical problems
e Consider real systems
e Consider real applications
* Evaluation and testings
e Modelling, simulation, testbeds (from tank to sea)
* Standardization
e Benchmarks for quantitative comparison
e Community testbeds for evaluation
* Commercialization (industry): stimulate more applications
* WUWNet = a dedicated community on underwater comm. and net
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A Bigger Picture on Smart Ocean Tech.

* Despite recent efforts, the whole field is still in infant stage
e Even in underwater comm. and networking

* A big gap between modern technology esp. cyber (computing &
control) development and traditional ocean engineering technolog

e Experiences from Oceans conferences (Oceansl1, Kona, HI)

* Requiring united efforts from various parties

e Government, academia, industry, users
e (Critical: stimulate a research and industry wave

* Comments, inputs, suggestions, ...
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WUWNet:

a bigger community or
a dedicated community?
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Other Questions for the Panel

* Your view of the current development of underwater networks
and systems (based on your experiences)

* Your vision of underwater networks and systems
* Your suggestions for the next step

* Your suggestions for beginners/new researchers/students



Questions?



Thank You!



* Keith L. Davidson received a B.S. in Electrical Engineering Technology from Temple University
in 1991 and from the University of Pittsburgh, M.S. degrees in Electrical Engineering and
Mathematics in 1996 and the Ph.D. in Electrical Engineering in 2000. From 2000 to 2004 Dr.
Davidson was a Research Scientist at Insightful Corporation in Seattle, WA where he developed
advanced signal/image processing techniques for feature extraction and automatic

classification, with apia ications to synthetic aperture radar imagery and blind demodulation of
S

communication signals. In 2004 Dr. Davidson joined the Applied Physics Laboratory at the
University of Washington where his research focused on automatic classification of speech and
acoustic transients in civilian law enforcement and Department of Defense applications.

Since 2006 Dr. Davidson has been a Program Officer on the Undersea Signal Processing team in
the Ocean Battlespace Sensing Department of the Office of Naval Research. He currently
manages basic and applied research programs that focus on developing advanced active sonar
signal and information processing techniques to improve the US Navy's ability to conduct its
anti-submarine warfare mission. Dr. Davidson has also managed an applied research program in
Underwater Acoustic Communications, which focused on developing physical layer transceiver
algorithms specifically for the harsh underwater acoustic communication channel.




* Dale Green is the Chief Scientist at Teledyne Benthos responsible for acoustic
communications, modem-based sensing and navigation aids, and signal
processing. He specializes in theory, algorithm development, and implementation of
digital communications in adverse channels. He represents Teledyne to ONR,
SPAWAR, and several other Navy agencies,. He is the principal architect for the
development of modem-based tracking ranges for the Navy, and for modem-based
wideband USBL navigation systems. He has developed and patented a method for
communicating with very high speed underwater platforms, and is the principal
designer of the JANUS underwater communications system at the NATO Undersea
Research Centre. Dale has a BA in Mathematics and three MS degrees in Ocean
Engineering, Applied Physics, and Electrical Engineering.




* Tommaso Melodia [M’2007] ( ) is an Assistant Professor with the

Department of Electrical Engineering at the University at Buffalo, The State University of New
York (SUNY). He received his Ph.D. in Electrical and Computer Engineering from the Georgia
Institute of Technology in 2007. He had previously received his “Laurea” (integrated B.S. and
M.S.) and Doctorate degrees in Telecommunications Engineering from the University of Rome
“La Sapienza,” Rome, Italy, in 2001 and 2006, respectively. He coauthored a paper that was
recognized as the Fast Breaking Paper in the field of Computer Science for February 2009 by
Thomson ISI Essential Science Indicators, and a paper that received an Elsevier Top Cited Paper
Award. He is an Associate Editor for several journals, including Computer Networks (Elsevier),
IEEE Communications Surveys and Tutorials, ACM/Springer Wireless Networks, and European
Transactions on Telecommunications (Wiley). He has served in the technical program
committees of several leading conferences in wireless communications and networking,
including IEEE Infocom, ACM Mobicom, and ACM Mobihoc. He will be the Technical Program
Committee Vice Chair for IEEE Globecom 2013 and the Technical Program Committee Vice
Chair for Information Systems for IEEE INFOCOM 2013. His current research interests are in
modeling, optimization, and experimental evaluation of wireless networks, with applications to
cognitive and cooperative networking, multimedia sensor networks, and underwater
networking.




* Colin Bradleyv teaches and performs research, in the Department of

Mechanical Engineering, at the University of Victoria. Prof. Bradley gained a
. in Engineering Physics from the University of British Columbia; a
M.Sc. from Herriot-Watt University in Electrical and Electronic Engineering:
and a Ph.D. from the University of Victoria in Mechanical
Engineering. Bradley’s research in the underwater technology arena has
recently focused on developing the Ocean Technology Test Bed and
autonomous underwater vehicle control. Prof. Bradley has held the following
positions and awards: Canada Research Chair in Design and Computational
Modeling (2002-2007); Fellow of the Advanced Systems Institute of British
Columbia; and Senior Research Fellow, National University of Singapore.




* Alison Proctor, Ocean Technology Lab, University of Victoria

» Alison received a Bachelors of Science in Aerospace Engineering from Embry-Riddle

Aeronautical University and a Master of Science in Aerospace Engineering from
Georgia Institute of Technology. In 2005, she returned to BC to obtain her PhD in
Mechanical Engineering from the University of Victoria. Alison has been a member of
the Ocean Technology Lab at UVic since 2005 working on the Ocean Technology Test
Bed design team; she %;as subsequently gained experience as a Remotely Operated
underwater Vehicle (ROV) pilot, working with the Saab Sea Eye Falcon ROV, and has
been working extensively with Autonomous Underwater Vehicles (AUVs) helping to
develop an AUV research program at UVic. Prior to her work at UVic, Alison worked
on two large collaborative autonomous vehicle programs: the Software Enabled
Control project sponsored by the Defence Advanced Research Projects Agency
(DARPA), and the Active Vision Control Systems project, which is a Multidisciplinary
University Research Initiative sponsored by the US Department of Defence. Alison is a
melmb%r of the Association of Professional Engineers and Geoscientists of British
Columbia.




* Michele Zorzi (F.o7) was born in Venice, Italy, in 1966. He received his Laurea degree and
Ph.D. in electrical engineering from the Umver51ty of Padova, Italy, in 1990 and 1994,
respectively. During academic year 1992/93, he was on leave at the University of California, San
Diego (UCSD) attendlng graduate courses and doing research on multiple access in mobile
radio networks. In 1993, he joined the faculty of the Dipartimento di Elettronica e
Informazione, Pohtecmco i Milano, Italy. After spending three years with the Center for
Wireless Communications at UCSD, in 1998 he joined the School of Engineering of the
University of Ferrara, Italy, and in 2003 joined the Department of Information Engineering of
the University of Padova, Italy, where he is currently a Professor. His present research interests
include performance evaluation in mobile communications systems, random access in mobile
radio networks, ad hoc and sensor networks, energy constrained communications protocols,
cognitive networks, and underwater communications and networking. He was Editor-in-Chief
of IEEE Wireless Communications from 2003 to 2005, is currently Editor-in-Chief of IEEE
TRANSACTIONS ON COMMUNICATIONS, and serves on the Editorial Board of the Wiley
Journal of Wireless Communications and Mobile Computing. He was also guest editor for
special issues in [EEE Personal Communications and IEEE JOURNAL ON SELECTED AREAS
IN COMMUNICATIONS. He is a Member-at-Large of the Board of Governors of the IEEE
Communications Society.




