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Future OCEANS Conferences Abroad

by Pierre Sabathe
Vice President, International Activities

In the Fall of each year, the Oceanic Engineering Society
Vice President for International Activities is invited to update
the OES membership on Oceans Conferences and other OES
activities organized outside North America. Therefore, I am
continuing this activity initiated by Dr. Ferial El-Hawary, who
is actively involved with OCEANS *97 MTS/IEEE to be held
in Halifax, Nova Scotia. The theme of OCEANS ‘97, 500
Years of Ocean Exploration, celebrates the rich history of
seagoing activities through the centuries from John Cabot to
modern enterprises in aquaculture, space technology, ocean
energy and seabed mining.

I am also pleased to announce a new OES event in Japan,
Underwater Technology ‘98. It is the first IEEE/OES spon-
sored activity on the Pacific Rim. Organized by Dr. Joseph R.
Vadus and Professor Tamaki Ura, it will be held at the Institute
of Industrial Science, University of Tokyo, during April 20-

23, 1998, the height of cherry blossom time. One of the main
purposes of this Symposium is to better serve OES members
who reside in this area, 10,000 miles away from the main
OCEANS Conference series.

After the successful OCEANS ‘94 OSATES Conference
held in Brest, France, the OES Administrative Committee
decided to come back to Europe four years later. IEEE/OES
will be the sole sponsor of OCEANS ‘98, to be held at the
Acropolis in Nice, the South of France on the sunny Cote
d’Azur, from Monday, September 28, 1998 through Thursday,
October 1, 1998. The organization of the Conference will
involve, as in OCEANS ‘94 in Brest, IFREMER and the IEEE/
OES French Chapter. It is impressive that this OES Chapter,
now including members from other European countries cur-
rently without an OES Chapter, includes over 300 members.

All of the above Conference activities are designed to better
serve the international membership in the OES. We would also
invite any suggestions from the OES membership as to addi-
tional activities which will accomplish this purpose.

Underwater Technology ‘98 Symposium Meeting at
University of Tokyo’s Institute of Industrial Science (July ‘96)

B

Sympeosium Committee, [ to r: Ishii, Treasurer, OES Japan, J. Collins,

OES V.P.Tech. Act.; T. Ura, Chairman, OES Japan; J. Vadus, OES, AdCom;
Fujii, Secretary, OES Japan

© 1996 IEEE. Permission to copy without fees all or part of any material without a copyright notice is granted provided that the copies are not made or
distributed for direct commercial advantage, and the title of the publication and its date appear on each copy. To copy material with a copyright notice
requires specific permission. Please direct all inquiries or requests to IEEE Copyrights manager.

IEEE Oceanic Engineering Society Newsletter, Third Quarter 1996



General Co-chairs

Prof. Hisaaki Maeda

Institute of Industrial Science,
University of Tokyo

7-22-1 Roppongi Minato-ku
Tokyo, 106, JAPAN

Phone: +81-3-3402-6231 ext.2255
Fax: +81-3-3402-5349
maedah@iis.u-tokyo.ac.jp

Mr. Joseph R. Vadus
Center for Ocean Resource
Technology,

University of Hawaii

c/o 8500 Timber Hill Lane
Potomac, MD 20854, USA
Phone: +1-301-299-5477
Fax: +1-301-983-4825
jvadus @erols.com

Technical Program Co-chairs
Prof. Tamaki Ura

Institute of Industrial Science,
University of Tokyo

7-22-1 Roppongi Minato-ku
Tokyo, 106, JAPAN

Phone: +81-3-3402-6231 ext.2280
Fax: +81-3-3401-6259
ura@iis.u-tokyo.ac.jp

Dr. James 8. Collins

Dept. of Electrical & Computer Eng. |

University of Victoria
P.O.Box 3055, Victoria, B.C.,
CANADA

Phone: +1-604-595-6928
Fax: +1-604-721-6052
j-s.collins @jeee.org

Finance Chair

Mr. Yasuyoshi Ishii

Shipborne SONAR Systems Dept.,
Radio Application Div.,

NEC Corporation

1-10 Nisshin-cho Fuchu-shi,
Tokyo, 183, JAPAN

Phone: +81-423-33-1185

Fax: +81-423-33-1967
ishii@asw.dnp.fc.nec.co jp

Symposium Secretariat

Dr. Teruo Fujii

Biochemical Systems Lab.,

Inst. of Physical & Chemical Res.
(RIKEN)

2-1 Hirosawa Wako-shi,

Saitama, 351-01, JAPAN

Phone: +81-48-467-9310

Fax: +81-48-462-4658
fujii@cel.riken.go.jp

Underwater Technology '98

SEIKEN SYMPOSIUM

First Announcement
UNDERWATER TECHNOLOGY '98

The First IEEE Oceanic Engineering Society Pacific Rim Symposium on
Underwater Technology
"Key Issues for Global Environment"

20 - 22 April 1998

Institute of Industrial Science, University of Tokyo
Tokyo, JAPAN

CALL FOR PAPERS

This symposium which is organized by the IEEE Oceanic Engineering Society (OES) and its Tokyo
Chapter is the first in a new series to be sponsored by the OES and organizations in various host
countries. These symposium will make OES services more available to the membership and provide
a forum for underwater technology issues of particular relevance 1o Pacific Rim nations. The theme
of this first symposium will highlight the Key Issues for Global Environment.

TOPICS
Sessions will cover various technologies and applications in the underwater environment. Topics may include
but are not limited to the following areas:

Underwater Observation
Imaging Systems
Sensors

Instrumentation Systems
GOOS-Coupled Systems

Underwater Acoustics
Global Acoustics, Tomography
Acoustical Oceanography
Sound Propagation & Scattering
Transducers & Arrays

Underwater Telemetry
Data Transmission Systems
Video Transmission Systems
Long Range Communication
Submarine Cable Systems

Underwater Vehicles & Robotics
ROVs & AUVs

Manned Submersibles
Underwater Robotics
Underwater Platforms

Underwater Positioning
Mapping & Guidance Systems
GPS-Coupled Systems
Navigation & Tracking Systems
Geodetic Measurement Systems

Signal & Information Processing
Detection & Estimation
High Resolution Processing
Image & Signal Compression
Neural & Fuzzy Systems

The Symposium will include visits to area technical attractions including Japan Marine Science and Technology
Center. Other area attractions include historical and cultural places around the Tokyo area. Moreover, if spring
is on time in Tokyo, it is the period of cherry tree blossoms, a very beautiful occasion in this city.

ABSTRACT SUBMISSION

Prospective authors are invited to submit proposed abstracts (300-500 words) by E-mail or Fax. The
initial section of the abstract should give the title, authors’ name(s) (designate one author as contact),
affiliation, postal and email addreses, and telephone and fax numbers. In the abstract, authors should
define the problem that is to be addressed, indicate its importance and describe how this work
contributes to underwater technology. Acceptance is by committee review of abstracts. The Official
language of the symposium is English.

SEND ABSTRACT TO:

Prof. Tamaki Ura OR
Institute of Industrial Science,

Univ, of Tokyo

ura@iis.u-tokyo.ac.jp

7-22-1 Roppongi Minato-ku Tokyo, 106,
JAPAN

Fax: +81-3-3401-6259

Dr. James S. Collins

Dept. of Electrical and Computer Eng.,
Univ. of Victoria

j-s.collins@ieee.org

P.O.Box 3055, Victoria, B.C.,
CANADA

Fax: +1-604-721-6052

THE IMPORTANT SCHEDULES FOR AUTHORS ARE:
Abstract Deadline: October 15, 1997
Notification of Acceptance: November 15, 1997
Camera Ready Paper Due: February I, 1998




IEEE TECHNICAL ACTIVITIES

21 June 1996

SHARING ACTIVITY LETTER

Letters to headquarters for sharing have been arriving on a
regular basis. Wonderful! But, we’re hearing mostly from
Chapter officers with some letters arriving from Societies.
We’ve just received a trickle from Sections. People will begin
to think that nothing happens at the Sections, which you know
is not true. We need to receive mail from all of you — from
Chapters, from Societies and, of course, from Sections.

We'll start from my own Section where Paul Carr, of the
Central New England Microwave Theory and Techniques
(MTT) Chapter, reports eight lectures per year. Last year’s
lectures included talks on Penny Antennas and Nickel Filters
from Director Martin Schneider, Validation of Passive Circuit
Models by Slobodnik and Webster of Rome Laboratory and
talks on features from Superconductor Filter Design to CAD
systems. This is a very active Chapter, indeed.

From Asia, there is an appeal from Gilbert K.K. Li, Chair-
man of the joint Power Engineering and Industry Applications
Society Chapters of the Hong Kong Section. He is running a
busy schedule of meetings but worries that their finances are
not strong enough to organize larger events. Hong Kong
Section includes its meeting notices in its bi-monthly newslet-
ter but he is seeking a discussion with Society or IEEE leaders
in hopes of expanding operations. Perhaps something can be
set up at a Region 10 meeting.

Shuichi Nitta, Chair of the Tokyo Section Reliability Chap-
ter has listed the duties he believes of Chapters, to offer good
service and chances for information exchanges both inside and
outside of Japan (in his case) through the IEEE. As such he
was appreciative of a talk by Paul Gottfried of the USA on
Reliability and Safety Issues of Train Control. His other speak-
ers came mainly from Japan. As are other Chapters, he is
concerned about finances. His Chapter organizes several spe-
cial lecture meetings each year in various locations around
Tokyo. As might be expected, attendance varies with the
location and the topics. They also support several study meet-
ings of the Institute of Electronics, Information and Commu-
nication Engineers of Japan. Three such meetings were held
last fall averaging almost 30 attendees per meeting.

A success story in the development of the Computer Chap-
ter of the New Jersey Coast Section is described by Amruthur
Narasimhan, Chapter Chair. With the help of a loan from their
Section, the Chapter sponsored a Professional Development
Seminar for students on Multimedia Communications. They
hoped for more than 20 attendees and attracted over 100 — a
sellout. He advises advertising in every way possible, through
the newsletter, electronic mail, manual posting, the Internet.
The three A’s are advertise, advertise and advertise.

Cleveland’s Vehicular Technology (VT) Chapter is riding
on several good years of four or more programs per year.
Michael Garvey, Chapter chair notes that tours are very popu-

lar with the members, His group visited the rapid transit
control station. They almost went to the local airport control
tower but got shut out due to security concerns. Lots of interest,
however. He would like to know what other Chapters, espe-
cially VT Chapters, do in addition to technical programs and
tours. Mike, I think you are doing fine as is but if someone has
suggestions please contact him or us.

An inspiring report was received from Elya Joffe, Chair-
man of Israel’s Electromagnetic Compatibility (EMC) Chap-
ter. This is a new Chapter, only two years old, with 40
members. They not only held several lectures last year but they
proposed, and had accepted by the EMC Society, the sponsor-
ship of the International Symposium on EMC in Israel in the
year 2003. The Chapter is already starting work. Elyais issuing
an invitation to EMC members in the area, including all
Palestinians, Jordanians, Egyptians, and as he says it, “Hope-
fully, very soon all the neighboring countries,” to contact the
Israeli Chapter to contribute to the success of the Symposium,
the first to take place in the Middle East.

From the Ukraine comes a story by Alexander Nosich of
the formation of an Antennas and Propagation (AP) Chapter
in spite of “life being really hard in this country, especially for
engineers and scientists. Institution budgets are zero or even
negative, the industry is frozen and a simple postal letter to
USA is not affordable for the majority of the population.” Yet,
as documented in the AP magazine issue of June ;995, the
Chapter was formed and is organizing a conference on An-
tenna Theory and Techniques. Congratulations. Let’s hope
there can be some visits and funding for them soon.

The next report comes from the other side of the world,
from V.L. Narasimhan, Chairman of the Queensland, Austra-
lia Computer Chapter. The Chapter has grown from cold start
in 1992 to over 400 members, the biggest Chapter in the
Section. They hold from four to six technical meetings per year
and in 1995 hosted the First IEEE International Conference on
Algorithms and Architecture for Parallel Processing. Great
going!

We received a request from Jim Ziobro of the Rochester
Section. He heads the Information Committee and would like
to move to electronic access. He would like to develop an
electronic network with other of the same mind. The email
alias is eic-tech@ieee.rochester.ny.us.

Other electronic access providers, start networking. It’s
about time we moved more into electronics communications.

How about going to Kuala Lampur next? We hear from
Hussein bin Ahmid of the Power Engineering Chapter, Malay-
sia Section that, in the absence of an EMC Chapter there, the
Power Engineering Chapter organized a conference on Elec-
tromagnetic Compatibility last year. “Healthy and Quality
Environmental Through EMC” was the topic with about 80
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participants. Papers were received from almost 15 countries
around the world. Let’s hope it promoted the development of
an EMC Chapter as well.

The German Chapter of MTT has concentrated on a series
of conferences and workshops throughout Germany. They
held them in Duisburg, Reisenburg, Sindelfingen, Darmstadt,
Starnberg and even moved one into Switzerland, holding a
workshop in Zermatt. Their next one is planned for Erlangen
in September. This is a wonderful method of attracting mem-
bers from a diverse Chapter where constant commuting to a
single location could be bothersome. By the way, Dr. Arndt,
past Chair, announces that his successor will be Nigel Keen.
We know the programs will continue.

Here’s information on the doings of the Signal Processing
(SP) Society from Mercy Kowalczyk, SP Executive Director.
She reported on a breakthrough meeting last fall wherein the
Society hosted a dinner discussion on signal processing with
representatives from the U.S. Congress, Federal agencies,
academia and private industry. With the purpose of raising the
profile of signal processing and the Society among the various
leadership, it was the first of its kind hosted by an IEEE Society
and, reports Mercy, was very successful. Both outgoing Presi-
dent Tariq Durrani and his replacement, Don Johnson, plan to
continue and extend this concept.

The next report comes from Mexico City, from Angel
Zapata, Region 9 Coordinator for the Engineering in Medicine
and Biology Society. Angel outlines a full series of meetings
that he has held throughout Mexico with Student Branches. He
points out the benefits of getting Mexican students turned on
to the IEEE and ends with a request to have distinguished
speakers visit to talk to the students. Contact the Mexico
Section for further information.

That’s all for this report. We hope that some of the experi-
ences recounted herein will help you in your Chapter opera-
tions. Let us also hear about your activities. They might
provide incentive for another group. We’re waiting to hear,
also, from you Section officers. Send your information to
Jayne Cerone at the TAB office in Piscataway.

That’s it for now.

Best regards,

Harold S. Goldberg
Chair, TAB Public Relations Committee

If you would like to provide information for the SHARING
ACTIVITY LETTER, contact:
Jayne F. Cerone
IEEE Technical Activities
445 Hoes Lane
Piscataway, NJ 08855-1331 USA
telephone 908-562-3908
fax 908-981-1769
email j.cerone@ieee.org.

Third Quarter 1996, IEEE Oceanic Engineering Society Newsletter

Upcoming Conferences

AES ‘97

First International Symposium and Exhibition,
CIVIL OR MILIARY ALL ELECTRIC SHIP

Paris, France - 13 & 14 March 1997
Contact: Frank Cipollone, SEE, 48 rue de la Proc:ession-
75724 PARIS Cedex 15 - FRANCE -

Tel: +33 144 49 60 60/17 Fax: +33 1 44 49 60 44

OFFSHORE TECHNOLOGY CONFERENCE
Houston, Texas ' 5-8 May 1997
Contact: OTC (214) 952-9494 Fax: (214) 952-9435

SIGNAL & IMAGE PROCESSING (SIP’97)

San Francisco, CA 2-5 November 1997
Contact: Nader M. Namazi, Dept. of Electrical
Engineering, The Catholic Uﬁiversity of America,
Washington, C.D. 20064

OCEANS ‘97 MTS/IEEE
Halifax, Nova Scotia

6-10 October 1997
Contact: Dr. Ferial El-Haway '

- (902) 443-2400 Fax: (902) 445-5110

UNDERWATER TECHNOLOGY ‘98

Kokyo, Japan 20-22 April 1998
Contact: Prof. Tamaki Ura, ura@iis.u-tokyo.ac.jp,
Fax +81-3-3401-6259 or Dr. James S. Collins,
j-s.collins@ieee.org, Fax: +1-604-721-6052




Scenes from AUV’96

Naval Postgraduate School and Hyatt Regency, Monterey, Calif.
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(Reprinted from AUV 96 Proceedings)

High Resolution Array Signal Processing for AUVs

Michael R. Medeiros and Robert N. Carpenter
Naval Undersea Warfare Center Division, Newport
1176 Howell St.

Newport, RI 02841-1708
medeirosmr@medeiros4.npt.nuwc.navy.mil
carpenterrn@medeiros4.npt.nuwc.navy.mil

Abstract—Future successful operations conducted with
Autonomous Underwater Vehicles (AUVs) will include
several mission functions that will rely heavily on high
performance, high resolution forward looking sonars
(FLS) coupled with high performance embedded signal
processors. These mission functions include object detec-
tion, localization and classification (DLC), sea bottom
mapping and feature extraction for navigation guidance
and control and obstacle avoidance.

This paper will describe the efforts associated with both
the High Resolution Array (HRA) currently under devel-
opment at the Naval Undersea Warfare Center (NUWC)
in Newport, RI and the Unmanned Underwater Vehicle
Signal Processor (UUVSP) currently under joint develop-
ment by the Sanders Division of Lockheed Martin Corpo-
ration and NUWC. The HRA, sponsored by the Office of
Naval Research, is a 1272 element, 20 wavelength planar
array designed for use as a forward looking sonar in
21-inch diameter vehicles.

The HRA combines an 80 degree horizontal by 40 de-
gree vertical transmit beam, for full volume coverage, with
steerable three degree receive beams. The UUVSP, spon-
sored by the Advanced Research Projects Agency (ARPA),
is an embedded signal processor based on ARPA’s high
performance scalable computing (HPSC) technology. A 24
giga-floating point operation (GFLOP) unit (scalable to
256 GFLOPs) designed to fit in a 21-inch diameter vehicle
will be demonstrated in the first quarter of fiscal year 1998.

L. INTRODUCTION

In the future, successful reconnaissance operations con-
ducted with Autonomous Underwater Vehicles (AUVs) will
include several mission functions that will rely heavily on a
high performance, high resolution, forward looking sonar
(FLS) coupled with a high performance, low power, embedded
signal processor. These mission functions include object de-
tection, localization and classification (DLC), sea bottom map-
ping and feature extraction for navigation guidance and control
(NG&C) and obstacle avoidance. The sonar must provide good
probability of detection, classification, and accurate object
localization while striving to meet the often conflicting per-
formance requirement of high search rate. DLC performance
is a function of spatial processing gain and temporal signal
processing gain. For a reverberation limited environment,

temporal signal processing gain is a function of signal band-
width while spatial processing gain is primarily a function of
the ratio between wavelength and sonar aperture. For a fixed
aperture, spatial gain is achieved with smaller wavelengths
(higher frequency of operation) resulting in narrower receive
beams. In addition, multiple narrow receive beams are effec-
tive in shallow water areas characterized by a highly variable
acoustic environment dominated by high levels of boundary
reverberation, multipath propagation, and coherent returns
from bottom features. Search rate is a function of both detec-
tion range and coverage in azimuth and elevation angle. Az-
imuthal coverage should be as wide as possible for maximum
search rate, while wide vertical coverage requirements are
driven by those imposed by deep water operation. Therefore,
superior DLC performance drives the sonar design toward
multiple narrow receive beams and search rate requirements
drive the design toward large angular coverage. A FLS with
wide transmit coverage and narrow receive beams can also be
used to perform sea bottom mapping and feature extraction for
NG&C and obstacle avoidance.

For several years, the Office of Naval Research (ONR) and
the Navy's Advanced Systems & Technology Office (ASTO)
have sponsored the development of NUWC’s high resolution
array (HRA). The HRA is a planar array designed for operation
in a 21-inch diameter vehicle. Its current design consists of
half-wavelength elements of 1-3 composite material config-
ured in a 20 wavelength circular aperture. Recently, NUWC
has embarked on the development of algorithms that rely on
the wide transmit coverage and narrow receive beams of the
HRA to provide high resolution images of the bottom, objects
on the bottom and objects in the volume. The processing
requirements necessary to provide this imaging capability are
being addressed under the Advanced Research Projects
Agency (ARPA) high performance scalable computing
(HPSC) program. Under this program, the Sanders Division of
Lockheed Martin Corporation will develop a scalable embed-
ded unmanned underwater vehicle signal processor (UUVSP)
for use in a 21-inch diameter vehicle that will host NUWC’s
imaging algorithms. This paper is designed to present an
overview and status of the ongoing HRA and UUVSP efforts
and associated algorithm development. The paper is organized
as follows. First, a system description of the HRA/UUVSP will
be given. This includes array parameters and high level signal
processor design. Next, the detection performance of the HRA
will be discussed. Finally, processed results from in-water data
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collected with a prototype HRA will be presented. These
results will focus on sea bottom mapping and feature extraction
for NG&C.

II. SYSTEM OVERVIEW

The HRA is a forward looking planar array designed for
operation in a 21-inch vehicle. It has evolved from a receive-
only array constructed from polyvinylidene fluoride (PVDF)
[1] to its current design that consists of 1272 half-wavelength
elements of 1-3 composite material (PZT-5H) configured in a
20 wavelength circular aperture (design frequency of 87 kilo-
Hertz (kHz))'. A subset of the elements consisting of two rows
of 32 elements each are chosen to provide single ping transmit
coverage of approximately 80 degrees in azimuth by 40 de-
grees in elevation with a source level of at least 210 decibels
(dB). Wide angle azimuthal transmit coverage is achieved by
means of element phase shading.

Receive beams are formed from a subset of 511 of the
remaining 1208 elements. These elements are chosen and fixed
during the design process to yield the lowest peak sidelobe
level (_ 20 dB down from the peak mainlobe level) while
constraining the mainlobe to be nearly three degrees wide for
beams steered over the transmit coverage region [2]. Complete
single ping receive coverage over this region can be provided
by forming approximately 2048 receive beams.

Processing load calculations for conventional single ping
processing of these beams (element level matched filtering,
narrowband beamforming, 3-D normalization, threshold de-
tection, object formation and classification) revealed that a
minimum of 20.3 GFLOPs of processing power are required
for the UUVSP. In order to achieve the necessary reconfigu-
rability and programmability to accommodate typical appli-
cations such as bottom mapping, obstacle avoidance and
object DLC, the UUVSP will rely on the embedded HPSC
dual-processing node (DPN) technology developed by Lock-
heed Martin Corp. [3]. The architecture of the DPN is based
upon the ADSP-21060 general purpose digital signal proces-
sor and Myricom’s uniform hierarchical packet-switching
network technology. The HPSC DPN consists of two clusters
of four ADSP-21060s and associated static random access
memory (SRAM). Each ADSP-21060 will provide 120
MFLOPs computational power and 4 megabits internal
SRAM. This capability combined with 1 megabyte (MB) of
associated SRAM per cluster provides for a total capability
of 1 GFLOP computational power and 6 MB SRAM for each
DPN. The baseline UUVSP design will combine eight DPNs
interfaced to a Myrinet network on one 16- by 6-inch board.
The Myrinet technology permits the UUVSP to utilize flex-
ible network topologies that are easily reconfigurable. Three
boards will be configured about a radial core in a 16-inch
length of 21-inch diameter shell section for a total computa-
tional power of 24 GFLOPs. With this architecture, there
exists the potential to expand to 256 GFLOPs in the same
16-inch shell section,

1 See companion paper, “A Forward Looking High Resolution Imaging
Sonar,” in these proceedings for details.
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III. SYSTEM PERFORMANCE: MODEL RESULTS

In order to evaluate the detection performance of the HRA,
a series of analyses were conducted with the Generic Sonar
Model [4]. A set of five shallow water environments with
water depths ranging from 12 to 90 meters, varying sound
speed profiles (SSPs), and bottom types ranging from silty
sand to gravel were chosen for the test. Small target strength
targets (-20 dB) were placed on the bottom, near the bottom,
and in the water column in each of the environments. Signal
excess predictions as a function of range were calculated in
each environment for each of the target locations assuming a
processing gain of 20 dB and a detection threshold of 13 dB.
The detailed results of the analyses are covered in [3]. In
summary, detection ranges of 685 to 1143 meters were ob-
tained except in one case where the strong negative gradient
of the SSP limited the detection range to 228 meters.

IV.IN-WATER RESULTS

Active acoustic HRA data were collected from 9 through
18 September 1995 at the Gould Island Test Facility in New-
port, RI. The HRA was deployed on an elevator and lowered
to a 9 meter depth in 20 meters of water. A sidescan sonar
image of the test area is shown in Fig. 1. The Gould Island test
area is characterized as a nearly flat, silt bottom bowl, with a
seven meter high, curved rim to the south and east of the
facility. This rim is clearly evident along the bottom and
right-hand sides of the sidescan image.

The elevator is located at the northeast corner of the pier
complex seen near the lower left-hand corner of the sidescan
image. The origin of the coordinate system is centered on the
HRA, located geodetically at 41° 32° 45.07 North, 71° 20’
42.6” West.

The HRA was mounted on a pan system that allowed the
array to be mechanically rotated from a heading of 327%to a
heading of 87°. Two distinct tests were conducted for each of
six transmit waveforms: 10 millisecond (ms) 87 kHz continu-
ous wave (CW), 10 ms 1000 Hz bandwidth linear frequency
modulated (LFM), 10 ms 3000 Hz LFM, 10 ms 6000 Hz LFM,
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Fig. 1. Sidescan sonar image of the Gould Island test area.
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20 ms 1000 Hz LFM, 20 ms 3000 Hz LFM, and 20 ms 6000
Hz LFM. All of the LFM waveforms were centered at 87 kHz.
A limited experiment was conducted to determine the best
combination of transmit waveform and element-level process-
ing. The LFM waveforms were processed with and without
matched filtering. The CW waveform yielded the poorest
performance, while the results with the LFM waveforms sug-
gest using the widest bandwidth possible and matched filter-
ing. To date, only the 3000 Hz LFM data has been extensively
analyzed, therefore, bathymetry estimation results using only
that waveform will be discussed in this paper.

During the first test the HRA was rotated from a heading of
327° to a heading of 87° in 15° increments. Three consecutive
pings were collected at each of the nine look angles, at a
repetition rate of 20 seconds per ping. Bathymetric maps for
each ping were constructed and averaged to form a single
composite map. Details of bathymetric map construction fol-
low. For the second test, the HRA was rotated to a heading of
27°, which corresponds to straight out from the elevator, then
ten consecutive pings were collected at a repetition rate of 20
seconds per ping. The objective of this test was to determine
depth estimation stability by forming a bathymetric map for
each ping, overlaying all ten maps, and computing the variance
at each map cell, again, details follow.

A. Single Ping Map Construction

The algorithms developed for the creation of single ping
bathymetric maps from forward looking sonars are an exten-
sion of the signal processing techniques used in downward
looking, wide swath bathymetric sonars [6]. A sonar cycle
begins with the transmission of a large-angle transmit pulse.
The horizontal and vertical transmit beam patterns used with
the HRA are shown in Fig. 2(a) and 2(b), respectively.

At each received time sample the received element-level
sonar data are matched filtered, shaded with two-dimensional
Chebyshev weights, and electronically steered, via phase-de-
lays, to a particular azimuth angle. Vertical beamforming is
then performed with a spatial Fast Fourier Transform [7].
Vertical angles where detections occur are those angles whose
corresponding magnitudes are greater than 6 dB above the
average magnitude across all the vertical angles for that time
sample. The rough vertical detection angles and magnitudes
are refined by fitting a least squares parabola to the initial
detection angles, and the refined angles, refined magnitudes,
and sample numbers are stored in equal angular bins. Only the
maximum refined magnitude response is retained in each equal
angular bin, along with its corresponding refined angle and
sample number.

After all of the samples in a receive cycle have been
systolically processed, as summarized above, the raw bottom
profile map for a particular azimuth angle is converted from
vertical angle and sample number coordinates to a depth versus
range profile. This converted profile is then filtered to remove
outliers in both magnitude and space. Fig. 3 shows a sample
bottom profile from the Gould Island test area. This profile was
taken at a heading of 107°, its direction is indicated by the
dashed white line emanating from the elevator in the sidescan
image (Fig. 1).
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Fig. 2. HRA transmit beam patterns: (a) horizontal; (b) vertical.
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Clearly evident in the depth profile are the nearly flat
bottom, and the rim, highlighted in gray. The magnitude
profile illustrates a gradual roll off with range induced by
propagation effects and decreasing grazing angle, as well as a
sharp increase due to the rise of the rim.

In each sonar cycle 21 individual azimuth profiles (from
-40° to 40° from array boresight in 2° increments) are concate-
nated to form a single ping bathymetric map. This 80° wide
angular swath corresponds to the effective horizontal transmit
area of the HRA transmitter, as seen in Fig 2(a). An example
map is depicted in Fig. 4. The area mapped is bounded by the
two solid white lines on the sidescan sonar image (Fig. 1). The
contour interval is one meter.

Portions of the southern and eastern rim are clearly seen, as
well as the slight increase in bottom depth towards the north-
east of the map. Approximately 3 GFLOPs were needed to
construct this single ping bathymetric map.

B. Map Precision

Before discussing the construction of multiple ping
bathymetric maps, it is important to first consider map preci-
sion. Map precision refers to the ability of a mapping system
to consistently obtain nearly the same resultant map when data
are collected under comparable conditions. To address the
issue of map precision, individual maps were constructed for
each of ten consecutive pings, collected at a repetition rate of
20 seconds per ping, with an array heading of 27°. The ten
separate maps were overlaid, and the variance in each map cell
was computed. The resultant variance map is shown in Fig. 5.

Over most of the map the variance ranges between 10
centimeters squared (cm”) and 20 cm®. The mean variance over
the entire map is 17 cm®. A few larger variances are clearly
visible at the longer ranges, where small grazing angles pro-
duce poor bottom backscatter and limit depth estimation per-
formance. Larger variance values are also evident at the
azimuthal angle extremes, where the transmit beam is weakest,
again contributing to poor energy backscatter and degraded
system performance.
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Fig. 5. Variance map derived from ten consecutive pings.

C. Multiple Ping Map Construction

A composite bathymetry map, created from 27 distinct
gridded pings, three pings at each of nine look angles, is
presented in Fig, 6.

The rim, as expected, is the predominant feature in the
multi-ping bathymetric map. Also of interest are the small
hump 75 meters north and 10 meters east of the array (seen
also on the sidescan image, Fig. 1), the general downward
slope to the west of the array, and the slight upward slope to
the east of the array leading to the rim. The corresponding
composite magnitude map is illustrated in Fig. 7.

Noticeable features from the magnitude map are the higher
magnitudes due to the rise of the rim, and to a lesser degree,
the hump. Of particular interest is the character of the magni-
tude roll off versus array heading. In general, the magnitudes
to the west of the array start at higher values, roll off more
quickly, and fall to lower values than the magnitudes to the
east of the array. To further illustrate this trend, Fig. 8 depicts
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Fig. 6. Multiple ping bathymetric map constructed from 27
individual pings.

13



magnitude maps versus receive beam heading and range for
two pings, collected 10 minutes apart, Fig. 8(a) where the array
was rotated to a heading of 327°, and Fig. 8(b) where the array
was rotated to a heading of 87°. Two principal factors give rise
to this dramatic magnitude difference. First, the slight down-
ward slope, seen to the west of the array versus the slight
upward slope to the east of the array (Fig. 6) would lead to a
more rapid magnitude roll off. Second, and more important, a
smaller bottom roughness to the west, and a larger bottom
roughness to the east, causes the western areas to exhibit higher
magnitudes in the near-specular region, and a more rapid
magnitude roll off as grazing angle decreases. Also note that
the estimation ranges in Fig. 8(a) are generally far less than

: : : : : those in Fig. 8(b). The automated mapping algorithms pre-
-200 -100 L] 100 200 sented here stop estimating bathymetry when the character of

wn

MAGNITUDE (dB)
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RANGE EAST (METERS) the bottom profile begins to become unstable. The magnitudes
Fig. 7. Multiple ping magnitude map constructed from 27 in Fi_g‘ 8(a) fall off much .fastf.:r versus range (and .dec_reasu‘lg
individual pings. grazing angle) than those in Fig. 8(b), hence they fall into f.e

noise more quickly and cause the algorithm to halt at shorter
ranges.

A direct comparison of two magnitude profiles, one ex-

: : ; : tracted from each of the above pings in Fig. 8, is shown in Fig.

g Lo lecomt s s Ssssnisni et senansens e | 9.Both of the magnitude profiles correspond to -6° from array

B : boresight. The gray profile was taken from the ping where the

& ; : 1 array center was rotated to a 327° heading, and the black

G 140 o H SRR R I ek profile from the ping where the array center was rotated to a

220

é 120 heading of 87°. Since each profile was taken from the same
g i azimuth angle relative to array boresight, the difference in
= magnitude roll off character between the profiles is attributable
8o to bottom interaction effects and not to transmit or receive
&0 beam pattern differences.
For visualization purposes, the multiple ping bathymetric
¥ . & and magnitude maps from Fig. 6 and Fig. 7, respectively, are
320 30 U] represented below as artificially lighted surface models. The
BEAM HEADING (DEGREES) view is from the west, looking east, and 20° aboVe the plane
(a) of the bottom. The light emanates from the southwest, 50°
above the plane of the bottom. The depth axis has a tenfold
220 multiplier applied. Fig. 10 depicts the multiple ping bathymet-
ric map where depth has been encoded to gray level. Fig. 11
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presents the multiple ping magnitude map in which magnitude
has been encoded to gray level.

D. Feature Extraction

The multiple ping bathymetric and magnitude maps shown
in Fig. 6 and Fig. 7, respectively, accurately reflect the depth
and bottom backscatter characteristics of the Gould Island test
area. However, an AUV controller, with a finite amount of
processing ability, would need to be presented with a small set
of extracted features from these maps in order to carry out
NG&C and obstacle avoidance tasks. From an obstacle avoid-
ance standpoint, bottom features would be objects that ap-
proach, or are shallower than, the operating depth of the
vehicle. From a magnitude perspective, an area that is brighter
than its surroundings could be a feature. Lastly, from a shape
point of view, any area that protrudes from, or descends into,
the local bathymetry may be a feature. The features extracted
from the Gould Island test area multiple ping bathymetric map
(Fig. 6) and the corresponding magnitude map (Fig. 7) are
depicted in Fig. 12. The features shown in Fig. 12 are derived
from a linear combination of absolute depth, relative magni-
tude, and relative gradient.

For this example the all of the weights used in the linear
combination were unity. These weights can easily be adjusted
to suit the priorities of a particular mission, i.e. any combina-
tion of finding bright spots, identifying small holes or projec-
tions, and avoiding obstacles may be obtained. Evident in the
feature map are the rim, the hump, and several smaller protru-
sions also seen in the sidescan sonar image (Fig. 1).
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Fig. 12. Features extracted from the multiple ping
bathymetric and magnitude maps.

V. CONCLUDING REMARKS

This paper presented an overview and status of efforts related
to the design and development of a forward looking sonar system
for use in AUV reconnaissance missions. The system consists of
a planar transmit/receive array that relies on wide transmit cover-
age and multiple narrow receive beams. This approach was
shown, via modeling efforts, to provide good detection perform-
ance against very small target strength objects, and a series of
in-water results were presented that highlighted the systemns
ability to provide an accurate measure of bottom bathymetry and
bottom features. A signal processing architecture designed to
process the array outputs was also discussed.
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OTC ‘96 Conference

An award was presented to John Lucey of Houston, Texas, who has handled
the IEEE booth at the OTC conferences for many years.

L to R: Ed Early, John Jucey, Al Williams

Science Chairman Makes Push

for Space Commercialization

Having announced his retirement at the end of the 104th
Congress, House Science Committee Chairman Robert
Walker is pushing hard for passage of space commercializa-
tion legislation. Formally introduced on Aug. 1, Walker’s
Space Commercialization Promotion Act of 1996 (H.R. 3936)
was the subject of hearings on July 31. Mark-up is planned in
early September in the hopes that the House will pass the bill
before Congress adjourns on Oct. 4. Senate action is unlikely
in the absence of a companion bill.

According to Walker, “this bill will help get the govern-
ment out of the private sector’s way when it comes to devel-
oping space commercially.”

The bill includes provi