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Abstract

Progress in electronics and computers has opened new possibilities for marine
environmental monitoring and surveillance. This note presents new concepts for marine
environmental monitoring and surveillance based on networks of autonomous sensors
interconnected by wireless acoustic communication. The novelty of the concept is the use
of a large number of small and inexpensive sensor modules that can be deployed rapidly
in situations to cover a large volume of water in area and depth. This note proposes to
carry out An introductory project is proposed to explore the feasibility of manufacturing
small underwater acoustic devices that can be used as nodes in underwater acoustic
sensor networks and as underwater acoustic identification (UAID) tags for identification,
location and tracking of people and objects under water. The challenge is to design and
manufacture the sensor modules to meet the required specifications to an acceptable price
for mass production and utilization

1 Background and introduction

Traditionally ocean surveillance is accomplished with ships, aircraft, satellites and
distributed sensor as oceanographic buoys, either moored or free drifting, (Figure 1a).
These are generally very expensive units and especially useful in routine collection of
information.

Progress in underwater acoustic wireless communication systems technology, coupled
with modern sensor network technology, has open up for new possibilities in ocean
surveillance and monitoring. Figure 1b illustrates a recently developed underwater
network system applied for monitoring an underwater production facility. Such systems
are now coming into commercial use, but only for high-cost special application using
only a few nodes.
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Figure 1  State-of-the- art ocean monitoring and surveillance using (left) ships,
underwater vehicles, aircrafts and satellite and (right) model network for
underwater production monitoring and control.



2 The concept and its novelty

The new concept is to use a large number of inexpensive sensors modules spread out to
cover the area of interest. A possible, but relevant scenario, illustrated in Figure 2, is in
emergency situations, for instance leakage of a harmful or toxic substance from a ship or
an offshore installation. In such instances rapid response is essential and we envisage
dropping about 100 sensor modules over an area of 10 km x 10 km from helicopter. The
modules, equipped with the relevant sensors, collect and send information to one or
several master nodes for further transmission via cable and radio to an operation center.
In such emergency situation, the operational lifetime is not required to be very long,
maybe only a couple of weeks, and therefore the battery package may be quite small.

After use, the sensor can either be programmed to float to the surface for recovery or sink
to the bottom. This requires the units to have a ballast system for weight and buoyancy
control. The question whether the modules should be recovered or allowed to remain on
the bottom is partly an environmental question that needs to be discussed further. This
issue will also depend of the materials being used, especially the type of batteries, and the
price of the units.

Another application parallels the radio frequency identification technology (RFID) to
exchange data between a reader and an electronic tag attached to an object, for the
identification and tracking. In the same way it is feasible to use underwater acoustic
identification (UAID) tags for identification, location and tracking of people and objects
under water

The proposed sensor module, shown in Figure 3, has the shape of a short cylinder with
diameter of 2 cm and a length of 10-15 cm. The unit contains an acoustic modem for
communication with other modules and a computer and various sensors. In addition there
is a battery package and ballast system for weight and buoyancy control.

A = |
= S
Lo
u 10 km u D

Figure2  The concept of using a large number of inexpensive sensor modules for
ad-hoc monitoring of an emergency situation
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Figure 3 The generic sensor module

3 Physical description and design principles

In the following the functionality and design principles for the sensor module are
outlined.

3.1 The acoustic module

The acoustic frequency in the wireless communication systems should be higher than the
frequency normally used for acoustic communication. The proposed carrier frequency is
around 50 kHz with useful bandwidth of about 5 kHz. The transducer can be realized
with a ceramic piezoelectric tube with a diameter of approximately 25 mm to match the
diameter of the module.

The frequency dependence of acoustic absorption in saltwater this will limit the range to
about 1000 m as shown in Figure 4a. This is also approximately the maximum achievable
range between near-bottom mounted nodes as shown in Figure 4b. This limitation is
caused by upward refraction at deeper depths and is a general feature of propagation in
deep water below the thermocline. Another advantage of higher frequency is to limit the
interference from other modules at longer distances.

The basic acoustic module is also the basis for underwater acoustic identification (UAID)
tags.



s Winter profile: Sd=290 m, Rd=290 m
20
—10 kHz ——Freq = 10000 Hz
——20 kHz 30| ——Freq = 20000 Hz
) 20 ~ ——50 kHz =~ ——Freq = 50000 Hz
[o1] A0 e ——Freq = 100000 Hz
= R ——100 kHz eS| | - T
o 40 = 50 = Lo ‘ geo
8 S 3 IS -
s NS e I I B AN AN (| [ T T T
S 60 S S < N
a2 h § 70
X HITHR
5 N £ 80 |
[} @ I
2 go L] z C
S £ 90 X Jir =
100 100
\ 110
120 —1
10" 10” 10° 10* 120 0" 10’
(a) Range [m] (b) Range [km]

Figure 4  Transmission loss in dB as function of range. (a): Free-space propagation
with spherical spreading and frequency dependent absorption. (b) Real
situation for communication between two near-bottom mounted nodes

3.2 Electronic and signal processing unit

Choice of modulation scheme depends on the specifications particularly the
transmitted source level and required of computer processing capability. Low
power consumption is essential.

3.3 The communication network

The communication network must be capable of handling multi-hop transmission of
information with adaptive routing. Security and reliability is more important than high
data rates. The tags and the nodes must have the capability of adapting to varying
multipath interference.

3.4 Sensor module

The sensor module should be designed on the principles of plug-and-play with a flexible
interface enabling the module to be equipped with different sensors, depending on the
mission. Some of these sensor types are indicated in Figure 3. However, the development
of new sensor technology is outside the scope of this proposal.

4 Conclusion

Advancement in the field of underwater acoustic communication for transmission and
distribution of data has increased significantly in recent years. The concept of underwater
network with sensors interconnected with wireless acoustic networks and is well
established is therefore technical feasible. The uncertainty lies in the development and
manufacturing of the sensor modules to an affordable price or mass production and use.
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New possibilities in marine science
What needs to be done?

 Recent developments in information technology and
communication technology give new possibilities for observation
and surveillance of the marine ecosystem.

« The challenge is to make use of new sensor and communication
technology in marine observation systems.

« R&D objective: Adapt new ICT technology for observation and
surveillance of the marine ecosystem.
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Sound speed profiles - Haltenbanken
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Modeling and understanding of the
acoustic propagation condition
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PlaneRay modeling
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Generic Marine Sensor Unit (GMSU)
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Conclusions

* Advancement in the field of underwater acoustic communication for
transmission and distribution of data has increased significantly in recent
years.

* The technology of underwater network with sensors interconnected with
wireless acoustic networks and is well established.*

* The concept of using a large number of 1n expensive sensors for ad-hoc
surveillance and monitoring the ocean environment is therefore technical
feasible.

* The uncertainty lies in the development and manufacturing of the sensor
modules to an affordable price or mass production and use.

* Faugstadmo, J.E., M. Pettersen, J. M Hovem, A. Lie, and T.A. Reinen ”Underwater Wireless Sensor
Network™ 2010 Fourth International Conference on Sensor Technologies and Applications 18-25 July
2010 Venice/Mestre, Italy.

978-0-7695-4096-2/10 $26.00 © 2010 IEEE, DOI 10.1109/SENSORCOMM.2010.67
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* Peninsula Publishing, a publishing company in Los Altos Hills, California,
USA specializing in books in underwater acoustics, will be publishing the
new, authoritative book,

« "Marine Acoustics the Physics of Sound in Underwater Environments “
by Dr. Jens M. Hovem, in September of this year.

The book provides an insightful introduction in to the use of underwater acoustics for
the detection and classification of submarines, mines, fish and undersea life; mapping
the ocean bottom; underwater exploration for oil and geologic characteristics, and
ocean mining; characterizing oceanographic conditions of the sea; and communications
using underwater sound. The book addresses technology of sonar systems, transducers
and performance analysis. "Marine Acoustics" provides a strong foundation of theory
and will make an excellent college textbook.
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Industry Necessities
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Traditional Equipment
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YSQ - The Developed Prototype (1)
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YSQ - The Developed Prototype (2)




YSQ - Technological Approaches (1)




YSQ - Technological Approaches (2)
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YSQ - Technological Approaches (3)




YSQ - Technological Approaches (4)
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Constraints
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A Partial Approach - Sensor Network




The Full Approach Challenge
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Motivation




Thank you!

email: vcarvalho@dei.uminho.pt
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The key challenge for large scale
environmental sensor deployments and for
implantable sensors is the same:

How do we keep these sensing devices &
systems functioning autonomously for long
periods of time - at least months, ideally
years, and, how do we do this at an
acceptable unit cost?
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Achieving Scale-up CLARITY
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Interesting problem #1

2 WSN platforms
2 Sensor HW
2 uP
2 SW
2 Evaluation
7 Communication
7 System integration

2 Sensors HW are most often not designed with extreme low resources in mind like
2 Very low power resources
2 Very limited memory
2 Limited computing resources
2 Limited communication BW

The northernmost University of Technology in Scandinavia I
Top-class Research and Education
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Interesting problem #2

2 WSN platforms and wireless power
2 New technologies for energy harvesting
2 Possible to produce in large volume to “no” cost
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Interesting problem #3

2 Integration of a WSN sensor to a system
72 SOA technology
2 Protocols OPC-UA, DPWS, CoAP
2 Engineering tools
72 Management tools

7 Sensor description semantics -
72 XML formats
2 Every area of application now defines their own “standard”
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