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UNDERWATER TECHNOLOGY ’98
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FOR IMMEDIATE RELEASE

UNDERWATER TECHNOLOGY 98
ANNOUNCES DATE CHANGE

December 24th, 1997 - The Institute of Electrical
Engineers (IEEE) Oceanic Engineering Society (OES)
and the University of Tokyo’s Institute of Industrial
Science, in cooperation with the Office of Naval Re-
search Asian Office, announces a slight date change for
the premier of the Underwater Technology ‘98 sympo-
sium. The three day event is scheduled for 15-17 April
1998 in Tokyo, Japan - 5 days earlier than previously
announced.

Conference organizers indicated that over twice the
number of abstracts were submitted to the conference
than originally expected - 132 abstracts from 14 coun-
tries. To accommodate the many excellent papers, the
conference venue was moved to the New Sanno Hotel
in Tekyo where two to three parallel sessions can be
held. The Advance Program will be available in Janu-
ary, 1998.

The technical sessions will address the conference
theme: “Key Issues for the Global Underwater Environ-
ment” Under this thematic umbrella, attendees will dis-
cuss the problems and potential solutions which
concern not only the Pacific Rim countries, but the
world in general in areas which include underwater
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acoustics, observation, telemetry, positioning, vehicles
& robotics and signal & information processing. Addi-
tional details on the full range of presentations will be
available in the Advance Program, to be issued in Janu-
ary, 1998. Details are also available on the conference
world wide web site.

The UT “98 world wide web site has been estab-
lished at:

hitp:ffunderwater.iis.u-tokyo.ac.jp/ut98/

To obtain a copy of the advance program, or addi-
tional information on the conference, visit the world
wide web site, or contact the following technical pro-
gram chairmen directly:

Prof. Tamaki Ura Mr. Robert L. Wernli
Institute of Industrial NCCOSC RDT&E DIV,
Science CODE 7405
University of Tokyo
ura@iis.u-tokyo.ac.jp ¢/o 11775 La Colina Road
7-22-1 Roppongi San Diego, CA 92131-1413
Minato-ku Tokyo, USA
106, Japan Fax: +1-619-553-1915
Fax: +81-3-3401-6259

wernli@nosc.mil




The Year In Review

As President of the Institute of Electri-
cal and Electronics Engineers (IEEE)
Oceanic Engineering Society (OES),
the past year has been a very busy one.
Besides the day-to-day OES issues, I
have had the opportunity to participate
in the IEEE Board Meeting that are held
three times per year. IEEE is a large or-
ganization supporting 316,000 mem-
bers world wide. The working elements
of IEEE are the Technical Activities
Board (TAB) and the Regional Activi-
ties Board (RAB). As President of OES,
my major involvement has been with
TAB. All society Presidents attend the
TAB Board meeting to discuss societal
issues, vote on new concepts, and allocate funds. We also
discuss issues like membership and Chapters. OES is one
of the smallest society. It is instructive for me to hear about
how other societies handle membership and chapter devel-
opment. There is a common element with their methodol-
ogy, they establish a goal. If you have no goal, you have no
direction. I will continue to attend the Board Meetings, es-
pecially now that the society Presidents elected me to be a
member of the TAB Management Committee.

The OES had only one conference in 1997, The
OCEANS ‘97 MTS/IEEE conference in Halifax, Nova
Scotia. The conference was well attended and the technical
quality was very high. The conference committee are to be
complimented for the excellent job they did.

1998 will be a busy one for the OES. We have Underwa-
ter Technology ‘98 in Tokyo, Japan, on 15 - 17 April. AUV
‘98 will take place as a workshop on AUV navigation sys-
tems in Cambridge, Massachusetts on 20 - 21 August.
OCEANS ‘98 will take place in Nice, France on 28 Sep-
tember through 1 October. This is a conference that should
not be missed. All the conferences are headed up by hard
working very capable people, and their reward will be a
successful conference.

OCEANS ‘99 will be in Seattle with the proposed theme

“Pacific-Rim of Future Ocean Science
and Technology”. OCEANS 2000 is
schedule for Providence, Rhode Island.
OCEANS ‘01 will have Hawaii as the
venue. The last OCEANS conference
there was extremely well attended. Be-
yond ‘01, ideas are being formulated.
Consideration is being given to the Gulf
Coast for ‘02. Europe is a candidate for
‘03.

The OES Newsletter will start to
change. With this issue, the membership
will be advised the Spring issue will be
formated as a regular mail-out and on
the OES web site. The OES membership
is requested to comment on this new for-
mat. Also, we will have more news from our members and
officers.

The Journal of Oceanic Engineering (JOE) continues to
maintain its high technical quality and is respected by all
members of the ocean community. We truly must continue
to maintain this position.

Membership and chapters have remained stagnant and
even declined slightly. These two areas need immediate at-
tention for the future stability of out society. A much
greater effort will be placed in these areas with new assis-
tance and support from the officers and the IEEE. By the
end if 1998, there will be a marked improvement in the
status of our membership and chapters.

In 1998, I plan to delegate more societal assignments
and responsibilities to the Administrative Committee
(AdCom) members. Also, I would like to have more in-
teraction with the membership and AdCom. I am always
available at c.brancart@ieee.org.

1998 will be a good year for the OES. Our finances are
strong, two conferences and a workshop are underway. We
will continue to maintain the technical quality with the
leadership of the Technical Committee Chairman and the
JOE Chief editor. I will do my best to be of service to the
OQES as your President.

Claude P. Brancart

EDITOR'S NOTE

The age of electronic information is here. Several socities
have converted to web versions of their newsletters. This
spring we also will have an electronic version on the web. This
will be in addition to the print version of the newsletter. The
web versions are usually available on line several weeks after
the printed copies have been mailed. In the spring issue mail-

ing of our newsletter, I will have some web site information,
including useful URL's and links. Your comments will be ap-
preciated. Send them to me, f.maltz@ieee.org.

Frederick H. Maltz
OES Newsletter Editor
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PACE and its Importance to Technical Societies

Public Policies for Advancement of What types of services are available

Technology: from IEEE-USA?

¢ Support of Funding Research and e Employment Assistance
Development e Consultants’ Networks

e Communications and Information e Careers Conferences and
Policy Publications

e Medical Technology Policy ¢ Biennial Salary Surveys

e Energy Policy e Professional Awareness and Training

Aerospace Policy Norman D. Miller

OES PACE Representative

For the past several years you have seen
articles on PACE activities and won-
dered why we discussed professional ac-
tivities in a technical newsletter. Dr.
Mehmet Toy, Chair of the IEEE PACE
Divisional Committee put together and
excellent description of PACE that 1
would like to share with you.

What is PACE? - Professional Activi-
ties Committees for Engineers (PACE) is
a communications network and action
arm for the dissemination of information
about IEEE resources and services to
IEEE members, chapters and sections.
PACE conducts programs at the region,
section and chapter level for prof essional
and career development. The PACE net-
work provides a line of communication
from members to IEEE officers.

What is the purpose of PACE Activi-
ties? PACE Activities are designed to
improve the quality of work life for IEEE
members.

What types of issues does PACE deal
with? There are many areas where PACE
committees are active and helping the
working engineer:

Career Issues such as;

Employment Trends

e Career Maintenance and Develop-
ment

e Pensions

e Discrimination

¢ Immigration Policy

“Engineering Practice” Issues;

e Licensure and Registration
e Continuing Professional Education
e Intellectual Property Protection

Learn Employability

Conduct an electronic job
search and locate great jobs.
Find "search tools” other
than the newspaper.

Learn how to write a new
“searchable” resume that
showcases your experience
and skills.

Network. Everyone talks
about it. Learn how to create
and use a career network.
Consider consulting as an
employment alternative.

Apply knowledge on transi-
tioning from school to work,
researching  prospective
employers, and interviewing
and negotiating the job offer.

THE INSTITUTE OF ELECTRICAL
% AND ELECTRONICS ENGINEERS, INC.

JEEE  UNITED STATES ACTIVITIES
1828 L Streat, NW., Suite 1202
washington, DG 20036-5104

Job-hunting,
like engineering,
i1s an exact
sclence.

After all, good jobs don't come to
you by chance. No matter where you
are in your engineering career, —
starting out, in your prime, or starting
over — you need reliable career skills
and knowledge.

The Engineer’s Guide to Lifelong
Employability can teach you these
skills. It is a practical, complete
resource book on locating and
obtaining good jobs throughout
your career. Features over 200 pages
of in-depth text that will allow you
to master the engineering job search.

IEEE Members: $19.95
Monmembers: $24.95

(Plus shipping handling and sales tax)
To Order: Call 1-800-678-1EEE with

your credit-card information and ask
for Product No. UH2970-0-04199.

|EEE-USA: We're Looking Out For You.
Phone: 202-785-0017

E-mail: ieeeusa@ieee.org
Web: http://www/ieee.org/usab
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Distinguished Technical
Achievement Award

Oceanic Engineering Society
Newell Booth

The IEEE Oceanic Engineering Society Distinguished Technical Achieve-
ment Award is presented to Dr. Newell Booth for his outstanding contributions to
the field of high resolution matched field processing.

Over the last 10 years, Dr. Booth led the Ocean Acoustics community in con-
ducting several experiments which have demonstrated that Matched-Field Proc-
essing (MFP) is a robust method of beamforming vertical aperture arrays which
improves signal-to-noise ratio and provides target localization. He was instru-
mental in the engineering development of acoustic -sources and large receiving
array systems necessary for implementing high resolution matched field process-
ing.

Dr. Booth’s career has been with the US Navy at the Space and Naval Watfare
Systems Center and its predecessor laboratories. He has served in several mana-
gerial and technical positions in the Ocean Engineering, Environmental Sciences,
Ocean Surveillance and Communications Departments, developing the broad ex-
pertise notable for most “Oceanic Engineers”.

On assignment to the Office of Naval Research between 1997-1990, Dr. Booth
established and organized the High Gain Initiative, a research and exploratory de-
velopment program in undersea target surveillance. This focal project, which in-
volved three different Navy laboratories in addition to several contractor and
university organizations, sponsored related research and development in Ocean
Acoustics, Acoustical Oceanography, Signal Processing, and Ocean Engineer-
ing. The project demonstrated the feasibility of MFP at long range in the deep
ocean. As recognition for this work, he was awarded the Naval Ocean Systems
Center, Technical Directors Award in 1989.

For the last four years, Dr. Booth has managed the Environmentally Enhanced
Array Processing project, which pioneered the application of broadband adaptive
MFP in shallow water. Under his leadership a consortium of Navy, university and
industrial laboratories and sponsors conducted the SW:11EX series of acoustic
experiments, These experiments demonstrated the feasibility of applying adap-
tive MFP techniques in littoral waters to detect and localize low-level submerged
sources.

Dr. Boothreceived his B.S.in 1961 and M..S. in 1966, both in Physics, from the
University of California at Berkeley and his Ph.D. in Plasma Physics from UCLA
in 1970.
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Distinguished Service Award

Oceanic Engineering Society
Ferial EI-Hawary

The IEEE Oceanic Engineering Society Distinguished Service Award is pre-
sented to Dr. Ferial EI-Hawary for her leadership in expanding the international ho-
rizons of OES and promoting OCEANS conferences beyond the USA and Canada.

Dr. El-Hawary has served die IEEE Oceanic Engineering Society in many ca-
pacities. She has been on the AdCom since 1989. In addition, she was the past chair-
man of the Membership Development Committee, Co-Chairman of the Workshop
on Neural Networks in Ocean Engineering held in Washington, DC in 1991, and
Guest Editor of a special issue of the IEEE Journal of Oceanic Engineering dedi-
cated to advanced applications of control and signal processing in the ocean envi-
ronment. She organized and chaired the international series of Panel Sessions on the
“Future of Oceans Science and Engineering” at the OCEANS’ conferences. She
completed two terms as the inaugural Vice President for International Activities, a
position established to promote the OES and IEEE goal of globalization. Dr. El-
Hawary was instrumental in defining the initial scope of our international activities.
She was responsible for establishing the first chapter outside North America, the
French Chapter. She was also responsible for initiating the activities leading to
OCEANS ‘94 OSATES in Brest, France, the first time that the OCEANS confer-
ence was held outside of North America. She was instrumental in guiding the chap-
ter formation in Norway.

Dr. El-Hawary is the Chairman of the first Canadian Atlantic Chapter of the
IEEE Oceanic Engineering Society and a Founding Chairman of the first Cana-
dian Maritime Section of the Marine Technology Society. Presently, she is Chair-
man of the Student Activities Committee for the Eastern Canada Council of IEEE.
Ferial was most recently recognized by the Engineering Institute of Canada by be-
ing elevated to the grade of Fellow of the EIC. She is a Registered Professional
Engineer in the Province of Nova Scotia, a Senior Member of IEEE, and a Fellow
of the Marine Technology Society. She is also a member of Signia Xi, and the Ca-
nadian Society for Exploration Geophysics.

She has published widely, and made numerous presentations in underwater ap-
plications of advanced signal processing and estimation techniques. She estab-
lished the Modeling and Signal Analysis Research Laboratory in the Faculty of
Engineering at the Technical University of Nova Scotia, now DalTech of Dalhou-
sie University. She is the Co-founder and President of B. H. Engineering Systems
Limited (BHES) in Halifax.,

Ferial holds a B.Eng. and M.Sc. degrees in Electrical Engineering from the
Universities of Alexandria and Alberta respectively. She also has a Ph.D. degree
from Memorial University of Newfoundland in Oceans Engineering.
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Claude Brancart, OES President

Ferial El-Hawary

Joseph Vadus, Vice-President Technical Activities
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Ferial El-hawary accepting “Distinguished Service Award”
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OCEANS 97 Student Program

[n case you were wondering, there were students at
OCEANS 97 in Halifax this year. It was decided that the in-
vited student papers would be integrated into the regular pa-
per sessions. Consequently the students were seen only
during the session in which their paper occurred. Six students
were selected for a special student presentation session and a
judging was made for the top papers. OCEANS 97 received
21 student paper abstracts and twenty students came to the
Conference. There was a good geographic distribution of
students with students from Canada, France, the United
States. Great Britain, Italy, Spain, Germany, and Australia.
The students were recognized at the IEEE/OES Awards
luncheon and invited to stand for a round of applause. The
students and their papers were as follows:

Andrea Trucco - University of Genoa, Italy
“Synthesis of Aperiodic Planar Arrays by a
Stochastic Approach”

Douglas Perrault - University of Victoria, Victoria,
BC, Canada
“Simulation and Active Control of Towed
Undersea Vehicles”

Gabriel Thomas - University of Texas at El Paso,
El Paso, Texas
“Noise Suppression and Component Extraction of
Underwater Acoustic Signals”

Alberto Oriz-Rodriguez - University of the Baleares
Islands, Spain
“A Vision System for Underwater Real-Time
Control Tasks”

Lorenzo Pollini - University of Pisa, Italy
“Robust Feedback Linearization with Neural Networks
for Underwater Vehicle Control”

Justin E. Manley - MIT, Cambridge, MA, USA
“The Development of the Autonomous Surface
Craft ACES”

Euan W. McGookin - University of Glasgow, Glasgow,
Scotland
“Non-linear Tanker Control System Parameter
Optimization using Genetic Algorithms”

Alexei Nekrasso - Max-Plank Institute for Meterology,
Hamburg, Germany
“Measurement of Sea Surface Wind Speed and its
Navigational Direction from Flying Apparatus”

G. Connan - University College London, London,
England
“FMCW-SAR Development for Internal Wave Imaging”

Thomas Sheasby - University of Leicester, Leicester,
England
“The Use of "in-situ” Radiometric Measurements
for Validating Satellite Derived Sea
Surface Temperatures”

Hayri Sari - Loughborough University,
Loughborough, UK
“Underwater Acoustic Voice Communications Using
Digital Pulse Position Modulation"

Patrice Danduran - Telecom Bretagne, Brest, France
“Near Realtime use of RADARSAT SAR Imagery
Combined With AVHRR Images for Ship
Navigation in Antarctica"

L. Aouf - Laboratoire Interactions Ocean -
Atmosphere, Marseille, France
“A Model of Wave Propagation Over A
Sloping Bottom”

Manuel Aineto - University of Warwick, Coventry, UK
“Narrowband Signal Detection in a
Reverberation-Limited Environment”

Enrico Piazza - University of Florence, Firenze, Italy
“Multispectral Images Error Correction”

Jonathon Dunlop - University College London,
London, England
“Statistical Modelling of Sidescan Sonar Images™

S.K. Khatri - University of New South Wales,
Canberra, Australia i
“In Search of a Coastal Ocean Wave Model”

Xiaodong Chen - Florida Atlantic University,
Boca Raton, FL, USA
“6 DOF Nonlinear AUV Simulation Toolbox"

Laurent Hellequin - IFREMER, Plouzane, France
“Postprocessing and Signal Corrections for
Multibeam Echosounder Images"

Emanuel Radoi - ENSIETA, Brest, France
“A Robust Discriminant Parameter Set for
Underwater Ferromagnetic Object
Classification”

The winners of the student presentation competition were:
First Place - Andrea Trucco, University of Genoa
Second Place - G. Connan, University College London
Third Place - Justin E. Manley, MIT

P — macies —
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Synthesis Of Aperiodic Planar Arrays
By A Stochastic Approach

Andrea Trucco

Department of Biophysical and
Electronic Engineering (DIBE),
University of Genoa, Via Opera Pia Il A,
I- 16145 Genova, Italy.

Abstract - Two dimensional arrays offer the potential for pro-
ducing three-dimensional acoustic imaging. The major prob-
lem is the complexity arising from the large number of elements
in such arrays. In this paper, a synthesis method is proposed that
is aimed at designing an aperiodic sparse two dimensional array
to be used together with a conventional beamformer. The sto-
chastic algorithm of simulated annealing has been utilized to
minimize the number of elements necessary to produce a spatial
response that meets given requirements. The proposed methods
is highly innovative, as it can face very large arrays, optimize
both positions and weight coefficients, synthesize asymmetric
arrays and generate array configurations that are valid for every
scan direction. Several results are presented, showing a notable
improvement in the array characteristics and performances
over those reported in the literature,

1. Introduction

Three-dimensional (3D) acoustic imaging is one of the main
innovations in both underwater and medical applications in
the last few years. To obtain 3D electronic focusing and beam-
forming, i.e., 3D imaging capabilities, a two-dimensional
(2D) aperture should be used to generate and/or receive the
acoustic field. When such an aperture is spatially sampled, the
adoption of a 2D array antenna (also called planar array) is as-
sumed. To prevent grating lobes, i.e., aliasing effects due to
spatial undersampling, a half-wavelength (A2) spacing be-
tween the elements of the array should not be exceeded. At the
same time, in order to obtain a fine lateral resolution, the array
should have a wide spatial extension. The A2-condition to-
gether with the fine resolution requirement will often result in
a 2D array composed of some thousands of elements. As an
acquisition channel is associated with each array element, the
cost of a 2D array of this type (i.e., a fully sampled array) is
prohibitive.

One of the most promising approaches to reducing the
number of array elements (for both linear and planar arrays) is
based on the concept of aperiodic arrays. A fully sampled array
is thinned by removing a fraction of the original set of elements,
thus obtaining a sparse array. Aliasing effects are avoided be-
cause there are no periodicities in the positions of the sparse ar-
ray elements. The main drawback of the thinning operation is
an often unacceptably high level of the side lobes present in the
bearn pattern (BP) (i.e., the spatial response of the array).
Therefore, the thinning should be an optimization operation
aimed at reducing the number of elements, while maintaining
adequate BP properties for the addressed application.

As the distribution and the height of side lobes depend on
the positions of the sparse-array elements and on the weight
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coefficients assigned to such elements, the optimization prob-
lem can be approached from different points of view: (1) to op-
timize the positions of the elements and to keep unitary
weights; (2) to a-priori fix a pattern of non-uniformly spaced
elements (e.g., a random array) and to optimize the element
weights; (3) to optimize both the positions and the weights of
the elements simultaneously.

To optimize both positions and weights is the most ambi-
tious and effective way of sparse-array synthesis and, for this
reason, it is the aim of some techniques facing linear arrays. In
particular, in [1,21, one tries to minimize the level of side
lobes when the number of elements and the aperture of the
sparse array are fixed. Instead, in [3-51, one tries to minimize
the number of elements on condition that the related BP will
fulfil some a priori fixed constraints.

Although the thinning of planar arrays is more computa-
tionally demanding than that of linear arrays, it is of much
greater importance. If an increase in the mean spacing from
A/2to 24 reduces the elements of a linear array by a factor of 4,
the same increase in spacing reduces the elements of a planar
array by a factor of 16. Some recent papers faced the synthesis
of 2D arrays by applying different methods. Starting from a
fully sampled array, the authors of [3,4] proposed methods of
thinning based on a linear programming able to yield the posi-
tions and the weights of the minimum set of elements that al-
lows one to attain a BP that fulfils some a priori fixed
constraints. These methods yield the optimum problem solu-
tion but, unfortunately, they exhibit two major drawbacks that
reduce their practical utility: they cannot face arrays with
more than about one hundred elements (due to the enorinous
memory requirements) and can synthesize only symmetric ar-
rays in order to force the BP equation to be realvalued. To over-
come such limitations, stochastic optimization methods, like
genetic algorithms, were applied to the synthesis of very large
2D arrays. In [6,7], genetic algorithms were used to optimize
only the positions of a sparse array with a fixed number of ele-
ments. The major limitations are that neither the optimization of
weights nor the minimization of the number of elements can be
obtained. Moreover, although the BP of a 2D array is a 3D sur-
face, both papers considered only the BP profile along one axis
or two axes to evaluate the performances of an array configura-
tion, thus sharply reducing the validity of results. It is important
to note that the synthesis methods proposed in [3. 4. 6] assume a
fixed scan direction; therefore, the obtained confi gurations are
not valid any more when the scan direction is modified. An-
other optimization approach is possible when two different pla-
nar arrays are used to transmit and to receive. As the overall BP
is the product of the two specific BPs, one can study periodic
sparse geometries in which aliasing effects are strongly reduced
thanks to their different position, as suggested in [8]. Finally, in
[9.10], the properties of 2D sparse arrays with randomly distrib-
uted elements are evaluated for the wide-band acoustic pulses
[11] used in medical imaging.
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In this paper, a synthesis method is proposed that is aimed
at designing a sparse and aperiodic array to be used as a planar
antenna for a narrow-band beamforming processor. The pur-
pose of the method is to minimize the number of elements able
to generate a BP that fulfils some a priori fixed constraints by
acting on the positions and weights of the elements. The sto-
chastic method proposed in this paper is based on simulating
annealing (SA) and is an evolution of the method devised by
the author for the synthesis of linear arrays [2,5]. The main
features that represent innovations with respect to other meth-
ods are the following: (1) very large 2D arrays can be faced;
(2) both weights and positions can be optimized; (3) the
number of elements can be minimized; (4) asymmetric arrays
can synthesized, thus exploiting a larger number of degrees of
freedom; (5) the overall total extent of the 3D BP can be con-
sidered. The last-mentioned feature means that the a priori
fixed constraints are defined over a full 2D domain, and that
the resulting configuration is valid for each possible scan di-
rection. To the best of the author’s knowledge. no other meth-
ods exhibit all the above features at the same time.

This paper is organized as follows. In Section II, the basic
concepts of SA are summarized. Section III presents the BP
formulation, outlines some symmetry-related properties, and
defines the energy function. Section IV describes the pro-
posed method of synthesis; the obtained results are reported in
Section V. Finally, some conclusions are drawn in Section VI,

I1. The Simulated Annealing Algorithm

Initially, SA aimed to simulate the behaviour of the molecules
of a pure substance during the slow cooling that results in the
formation of a perfect crystal (minimum-energy state) [12].
The use of this technique to solve other types of problems is
based on the analogy between the state of each molecule and
the state of each variable that affects an energy function to be
minimized. This function is called the energy function, {Y). Y
being the vector of state variables. The algorithm is iterative:
at each iteration, a small random perturbation is induced in the
current state configuration Y; (f being the iteration). If the new
configuration, Y,, causes the value of the energy function to
decrease, it is accepted (Y1 = Y,). Instead, if Y, causes the
value of the energy function to increase, it is accepted with a
probability dependent on the system temperature, in accor-
dance with the Boltzmann distribution. The higher the tem-
perature, the higher the probability that the state configuration
that caused the energy function to increase may be accepted.
In short, the probability that Y, may be accepted as a new con-
figuration, P{Y ., = Y,), can be expressed as:

[ JOY)H—J(Y,)

P{Y_H—] = ‘1“} =€
1

- ]ff{Yu) }ﬂY.’)
. otherwise

()

where k is the Boltzmann constant and T is the system tem-
perature. As the iterations go on, the temperature T is gradu-
ally lowered, following the reciprocal of the logarithmof the
number of iterations [12], until the configuration freezes in a
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certain final state. Thanks to its probabilistic nature, this
method represents a notable improvement over classic meth-
ods of local descent, although it is computationally demand-
ing. “Me repetition of the process, using different initial
configurations, increases the reliance on the quasi-optimality
of results, even though a full optimality cannot be proved.

II1. BP and Energy Function Formulation

If an array is planar, made up of M punctiform and onmidirec-
tional elements on the plane z = 0, then the BP, p(z.v), can be
expressed as:

A ;'z—ﬂf_.\';' w3 )
Pleyy=12 w, ‘e * @
where:
i = sin O, — sin o, 3)
v = sin B — sin Bo, @)

the pairs (o,B) and (o, Bo) indicate the arrival direction and
the scan direction, respectively, x; and y;, are the coordinates
of the i-th element, and w;, is the related weight coefficient.
Figure I shows the described geometry.

The variables « and v can assume only real values included
between -2 and 2, for any combination of the arrival and scan
directions. However, the load for the analysis of the BP can be
reduced by keeping into account the following symmetryre-
lated properties.

o TheBPiseven,i.e., p(u,v)=p(-u,-v); hence, without loss of
information one can restrict the domain of the BP to u# €
[-2,2], v € [0,2].

» if the coordinates of each element are integer multiples of
A2, then p(1 +8u, 1 +8v) =p(1 - du,1-dv)and p(-1 + du, 1
+8v) = p(- 1 - 8u, 1 - 8v); hence the domain of the BP can be
restricted tou € =[-1,1], v e [0,2]. ’

e Under the above hypothesis, p(du,1 + 8v) = p(-8u, 1 - &v);
hence the domain of the BP can be restricted tou e [-1,1], v
e [0,1].

When the BP is plotted as a function of u and v, the main
lobe is always in (1,v) = (0,0) and its width does not depend on
(0to,Po). The expression in decibels for the BP, normalized to 0

scan direction

00— -------090@

Fig. 1. Array geometry and adopted notation.
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dB, is 20-log[p(u,v)/Q], where Q is the sum of all the w;’s.

The use of SA to synthesize a 2D sparse array requires the
choice of an energy function, X, W), that depends on the vec-
tor of the positions of the elements, X, and on the vector of the
weights, W. Once a desired normalized BP, p(u,v), has been
fixed, the energy function must be able to penalize the army
configurations that yield a great difference between the de-
sired BP and the current one and the configurations that are
composed of a large number of active elements (5]. To this
end, one can choose:

o

SEW)=|k {p(”"’)— p,,(u,v)]dm!v+k2_:‘t{ )

{uyies Q

where § is the set of values of (u,v) satisfying the relation
p(u v Q> py(u,v), M is the number of current active elements,
and k,, and k; are two constants denoting the relative impor-
tance assigned to the discrepancy between the actual BP and
the desired one and to the number of array elements. In (5), the
energy function is equal to the square of the sum of an integral
plus one term. Another possibility is to sum the square of each
term. The reason for preferring the formulation in (5) has no
theoretical foundations and is mainly due to the higher quality
of the obtained results.

The constants &y, and &, can be fixed on the basis of a heu-
ristic reasoning about the range of expected descents of the
two addends in (5); however, also some practical experiences
can be very useful to set such values. Moreover, there is no
guarantee that the obtained BP perfectly fulfils the imposed
constraints, but, if the integral in (5) represents the main con-
tribution to the energy ftinction, one can verify a posteriori
that the value of such an integral is very often lowered to zero
(i.e., the constraints are perfectly fulfilled).

IV. The Optimization Procedure

In this section, the peculiarities of an efficient SA implementa-
tion devoted to the minimization of (5) are presented. Figure 2
shows a flow-chart of the optimization procedure.

One can start the synthesis by considering a fully sampled
array, 1.e., a planar array composed of N A/2-equispaced ele-
ments. Then, according to the process behaviour, the elements
are separated into two sets: an active set (i.e., having weights
different from zero) and an inactive set (i.e., having weights
equal to zero). The number of active elements is M and the re-
lation M < N is always verified. The initial temperature, 7",
is chosen high enough and such that the first configuration
perturbations may almost always be accepted, even though
they lead to a sharp increase in energy.

When one starts the iteration j, one chooses randomly an
element i (both active and inactive elements are visited ac-
cording to a random sequence that does not any further visit
the same element before all the elements have been visited
once). If the chosen element is active, one can move it to the
inactive condition by following a fixed death probability,
whereas, if the chosen element is inactive, one can activate it
(with a random weight) by following a resurrection probabil-
ity. On the basis of the temperature T, such state transitions
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Fig. 2. Flow-chart of the optimization procedure.

can be accepted or not. If one of these ftansitions is accepted,
the number of active elements M must be updated. If the ele-
ment {is active and the its death does not occur, the weight w; is
perturbed and, on the basis of the temperature 7, the perturba-
tion can be accepted or not.

During the optimization procedure, a constraint is imposed
to limit to low values the current taper ratio (CTR), which is
the ratio between the maximum and minimum weight coeffi-
cients [1,2]. This constraint makes it possible to avoid any
consequences of possible unforeseen occurrences regarding
the elements with the largest weight coefficients. To limit the
CTR value, one should perturb each weight coefficient in a
random and continuous way; but one should make sure that
the coefficient value is included in an a priori fixed range
[Wnins Winae].

The number of iterations, j, is increased every time all the N
elements have been perturbed once. The process terminates
when a state of persistent block (freezing) is reached, due to
the temperature lowering. Alternatively, according to previ-
ous experiences, one can perform a number of iterations that is
large enough to ensure that a block state will be reached.

Owing to the probabilistic nature of SA, different tempera-
ture schedulings and random initial configurations may lead to
different final results. However, if a logarithmic scheduling is
chosen, almost all the process runnings give slightly different
results in terms of both energy values and array characteris-
tics. This means that the resulting array configuration is stable
and close to the optimal one.

V. Results and Comparisons
In order to assess the efficiency of the proposed method, dif-
ferent tests were performed for the purpose of verifying that
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the method: (1) is able to yield array configurations having
performances close to those obtained by methods of optimal
synthesis (3.41 (referred to as small 2D arrays); (2) performs
better than other stochastic methods [6,71; (3) performs better
than optimal methods [41 that face only the weighting of the
elements that were randomly positioned.

A. Small 2D arrays

Concerning the first point, in [41 the method of optimal syn-
thesis was applied to a 12x12 array with a A/2 spacing. The ar-
ray was first inscribed in a circle, thus giving 112 elements.
Then, such a fully sampled array was optimally thinned and
weighted in order to constrain the side-lobe peak under a
fixed target. As an example of the obtained results, a side-
lobe peak of -24.5 dB was not exceeded by employing 62 ele-
ments and with a main-lobe width (measured by considering
the distance between the two points at -6 dB along a given
axis) of about t.ais = V-6a8 = 0.296. Obviously, the same level
of side-lobe peak may be reached by weighting the fully sam-
pled array. The larger number of sensors is compensated for
by aslightly narrower main lobe [4],1.e., s = Voap = 0.234.

To test the quasi-optimality of the proposed method, the
desired BP was defuied as a constantlevel of -24.5 dB foreach
pair (,v) that was out of a circle of radius 0.25, i.e., Wy >
0.252. The other parameters were fixed as follows: ky, = 1600,
k> = 0.2, death probability = 0.2, resurrection probability = 0.4,
794" = 500, number of iterations = 10000, Wi, = 0.25, and Was
=1.75:

One of the best results obtained by some runnings of the
proposed algorithm was an array of 67 elements with a side-
lobe peak of -24.3dB, a main-lobe width of about it.64z = V.6a8 =
0.314, and a CTR of 2.8. Figure 3 shows the position lay-out
and the BP of such an array configuration. From these data,
one can deduce that the proposed algorithm was able to find an
array configuration with performances very close to the opti-
mal ones, in terms of side-lobe peak and main-lobe width,
even though with a small increase in the number of elements
(i.e., 5 more elements). Other comparisons between the opti-
mal and the obtained configurations, for different values of the
side-lobe peak, confirmed the reliance in the quasi-optimality
of the proposed method.

B. Large 2D arrays

To face the position optimization of a planar array composed
of more than one hundred elements, stochastic approaches
seem necessary [6,7). The numerical evaluation of the BP pro-
file during the optimization process requires the computation
of the BP on a dense grid on the plane u-v.

Moreover, the larger the number of array elements, the fi-
mer the grid necessary to consider all the side-lobe peaks. As
this operation is highly demanding, some authors evaluated
the BP considering only its profile along the u- and v-axes. For
instance, Haupt (71 adopted two simplifications: he faced 2D
arrays symmetric with respect to the x- and y-axes (thus acting
only on a quarter of the elements and obtaining a realvalued
BP) and computed the BP only along two axes. As a result, he
thinned a fully sampled 20x10 rectangular array to 108 ele-
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Fig. 3. (@) Optimized positions of a 67-element array, and
(c) the related BP with a side-lobe peak of -24.3 dB.

(b) Optimized positions of a 101-element array, and

(d) the related BP with a side-lobe peak of - 19.8 dB.

ments, keeping the side-lobe peak at-20 dB along the two axes
but admitting a peak of -14.4 dB on the u-v plane.

In order to test the potentialities of the proposed method in
this case, the desired BP was defined as a constant level of -20
dB for each pair (u,v) that was out of a rectangle centered in
(0,0), with a 0.24-long side along the u-axis and a 0.44-iong
side along the v-axis. The other parameters were fixed as fol-
lows: ki, = 5000, k, = 0.2, death probability =0.2, resurrection
probability 0.4, 7" 500, number of iterations = 10000, Wi =
0.25, and Wi = 1.75.

One of the best results obtained by some runnings of the
proposed algorithm was an array of 10 1 elements, with a side-
Jobe peak of -19.8 dB, a main-lobe width of w.sss = 0.065 and
psas = 0. 146, and a CTR of 6.3. Figure 3 shows the position
lay-out and the BP of such an array configuration. To clarify
the relation between the side-lobe peak and the number of ele-
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ments, one can consider that the proposed method is able to
limit the side-lobe peak at-21 dB by using about 115 elements.

As a consequence, a reduction of 5.4 dB in the side-lobe
peak and a reduction of 7 active elements were possible thanks
to the proposed method. The main-lobe width of the obtained
BP was very similar to that in [7]. Therefore, the advantages of
optimizing both positions and weights and of synthesizing
asymmetric arrays are evident.

Finally, the proposed method was employed to synthesize
very large arrays composed of several thousands of elements.
In [4], a 64x64 array with a A/2 spacing is considered. The ar-
ray was first inscribed in a circle, thus giving 3228 elements.
Such a fully sampled array was randomly thinned to 404 ele-
ments (87.5% thinning); then, the linear programming ap-
proach was applied to optimize the weight coefficients. As a
result, a side-lobe peak of -17.4 dB and a main-lobe width of
t.6ap = V.ean = (.05 were obtained.
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Fig. 4. (a) Optimized positions of a 347-element array, {(b) the
related BP with a side-lobe peak of -19.8 dB, (C) the
discrepancy volume, and (d) the number of active elements
M versus the iteration.
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Thanks to the stochastic nature of the proposed method, the
optimization of both positions and weights is possible also for
very large arrays also. The desired BP was defmed as a con-
stant level of -22 dB for each pair («,v) that was out of a circle
of radius 0.03, i.e., u*+v* > 0.03°. The other parameters were
fixed as follows: k; = 10000, k. = 0. 1, death probability = 0.2,
resurrection probability = 0.4, 7" = 20, number of iterations
=500, wyin = 0.25, and wy,,, = 1.75 .

One of the best results obtained by some runnings of the
proposed algorithm was an array of 347 elements (89.3% thin-
ning), with a side-lobe peak of -20.8 dB, a main-lobe width of
about u.ssp = v.gp = 0.05, and a CTR of 4.7. Figure 4 shows the
position lay-out and the BP of such an array configuration.

As a consequence, a reduction of 3.4 dB in the side-lobe
peak and a reduction of 57 active elements were possible
thanks to the proposed method. The main-lobe width of the
obtained BP was equal to that in [4]. Therefore, also in this
case, the advantages are evident. Finally, to show the behav-
iour of the two addends in (5) during the minimization, Fig.
4(c) shows the values of the integral, i.e., the discrepancy vol-
ume, and Fig. 4(d) shows the number of active elements M
versus the iteration.

C. Overall remarks
The improvement in the results related to large 2D arrays, as
compared with those presented in the literature, can be ex-
plained by the following reasons. First of all, the proposed
method allows one to minimize the number of active elements
and, at the same time, to optimize their positions and weight
coefficients. Then, thanks to the potentialities of SA, the pos-
sibility of designing asymmetric planar arrays, i.c., with a
larger number of degrees of freedom, is fully exploited.
Animportant consideration concerns the stability of results
with respect to the values of the process parameters, i.e., &;, k».
7", number of iterations, death probability, and resurrection
probability. Although the chosen values have been given in
the text, experience has shown that also by using different val-
ues one can obtain results that are similar to those reported
above (even remarkable differences can often be acceptable).
Therefore, the effectiveness of the proposed method cannot be
considered strictly dependent on the parameter values.
Concerning the optimality of results, two speculations are
possible.

¢ When an adequate statistic shows that many process run-
nings give slightly different results (on condition that ran-
dom initial configurations and a high initial temperature
are used), the confidence in the quasioptimality of such re-
sults is encouraged.

® Due to the probabilistic nature of SA, the final result of a
process running can show a higher energy than a configura-
tion visited during the iterations. The confidence in the
quasi-optimality of results is reinforced if the final result
shows always an energy close to that of the best result ob-
tained before the {reezing state occurred.

The results obtained by many runnings of the proposed
method (applied to a specific synthesis problem) present slight
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differences, and the final results are often equal to the best re-
sults. Therefore, the quasi-optimality that was observed for
small 2D arrays can also be confirmed for the synthesis of
large planar arrays.

VI. Conclusions

The synthesis of aperiodic: planar arrays that are very large
and have an average spacing many times as large as A/2 exhib-
its some difficulties related to the control of the side lobes. The
application of SA to solve the problem of minimizing the
number of elements, while keeping the desired side-lobe pro-
file, yields better results than those obtained by other methods
proposed in the literature. Satisfactory results can be achieved
mainly by the simultaneous optimizations of positions and
weight coefficients.

Considerations concerning the quasi-optimality of results
and the robustness of the method to the tuning of some pa-
rameters have also been presented.

Future work will concern the application of the stochastic
synthesis to wide-band sparse arrays. Due to the different defi-
nition of the BP, wide-band sparse arrays involve specific
problems [9-11] different from those related to the narrow-
band case faced in this paper and in the literature. In this con-
text, the development of an optimization method based on SA
might be very advantageous.
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Chapter Activities

On November 3, 1997, the IEEE Oceanic Engineering Society
Seattle Chapter and the Marine Technology Society Puget
Sound Section co-hosted a social event at the Seattle Aquar-
ium as part of the 28th Annual Underwater Mining Institute.
The event was open to the membership of both societies, as
well as the participants in the UML. It provided an opportunity
for the local membership to interact with professionals in-
volved in seabed surveying and mapping. seafloor sampling,
and environmental impacts of ocean mining. The event was
well attended, with over 60 participants.

The 28th Annual Underwater Mining Institute was held in
Seattle, WA, from November 2-5, 1997 and was hosted by the
Marine Minerals Technology Center, Ocean Basin Division at
the University of Hawaii and Sound Ocean Systems, Inc. of
Redmond, Washington.

Photo left to right: Charles Morgan, Marine Minerals
Technology Center, University of Hawaii, Program Co-chair;
Paula Lau, Sound Ocean Systems, Inc., Chair, Seattle
Chapter Oceanic Engineering Society; Jerry Wilson, Racal
Pelagos Corp., Marine Technology Society Vice-president,
Western Region; Ted Brockett, Sound Ocean Systems, Inc.,
Program Co-Chair and Vice-chair, Puget Sound Section
Marine Technology Society; and Michael Cruickshank,
Marine Minerals Technology Center, University of Hawaii,
Marine Technology Society Vice-president, Technical Affairs.
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