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President’s Message
I can’t let September 11 pass without remem-
bering the horror of that day. I remember those
who were killed by the terrorist cowards, and I
honor those who came to their rescue. I am ap-
palled each time I realize that the best in peo-
ple is so often called forth by the worst in
people. Let us renew our vow and our effort to
put an end to all who use terrorism to further
their end, and let us redouble our efforts to find
peaceful solutions to the problems we face to-
gether. Congratulations to Dr. John Potter and
the IEEE OES Singapore Chapter. I am de-
lighted that this group of active members has
organized itself. I look forward to their activi-
ties and to their contributions to the profes-
sion. Be sure to review Vice President Joe Vadus’s report on
our conferences. He is a major reason for our successful con-
ference programs. There you will learn about our progress on
Two Oceans, and also about our workshops, These, while not
as large as OCEANS Conferences, provide a well-focused op-
portunity to specialize. Speaking of Conferences, the Joint
Oceans Advisory Board (JOAB) is now organizing itself.
They had a good meeting this summer, and settled most of the
remaining issues. The next step is to fill the offices and prepare
a budget. I expect this budget to be part of the report they sub-

mit to both societies in Biloxi in October. I am
pleased to report that progress is being made
in assembling the data on conference atten-
dance and conference finances. For too long,
our data collection has been ad hoc and not ra-
tionalized. John Irza, Stan Chamberlain, and
Claude Brancart are bringing all the data to-
gether. They are capturing them in a relational
database. When the task is complete, we will
be able to do the kinds of analyses that we have
always wanted to do, but have been unable to
complete. We will have a report at the Admin-
istrative Committee meeting in Biloxi. Diane
Di Massa and her Dues Committee have is-
sued an Interim Report. There is still some

data to be gathered, but they are leaning toward a policy that
contains the following elements:
• Unbundled paper version of the Journal of Oceanic Engi-

neering. Members would have access to IEEE Xplore and
JOE via the World Wide Web. Members who want a paper
copy of the JOE would subscribe for the marginal cost of
their copy, about $30. This number is being refined.

• Continue to subsidize the cost of Society membership by
some amount. This recommendation would result in a dues
charge less than the cost of membership, but regularly com-
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pared to actual cost. The basis of the subsidy would be
some identified element of the cost, such as the newsletter
or the administrative costs incurred on our behalf by IEEE
Operations Center, such as the cost of conducting our
AdCom elections, and the cost of processing our member-
ship renewals.

• Student and other reduced memberships should continue to
be half the price of regular membership. The Committee
will have its final report to present to the AdCom in Biloxi.
At that time, we make a decision. Three conferences,
OCEANS ’01, Offshore Technology ’02, and AUV ’02,
have closed and have provided a tidy surplus for the Soci-
ety. Thanks to all who worked to make it happen. In case
you haven’t seen it, the new Society Web Site is up. Go to
http://www.oceanicengineering.org/ and see it. Thanks to
Todd Morrison and his committee for getting it all together.
It’s growing every day. On a similar note, let me encourage

you to get yourself an IEEE mail alias. This will hasten the
day when we will have a Members Only part of the OES
Web Site. It also provides virus scanning and removal ser-
vice automatically. And it’s free. Go to http://eleccomm.
ieee.org/personal-aliases.shtml.Our Administrative Com-
mittee will meet on Monday, October 28 in Biloxi. In addi-
tion to the items mention above, we will hold elections for
President and for Vice President for Technical Affairs. I en-
courage you all to attend and to participate. If you haven’t
registered for OCEANS ’02 in Biloxi, now is the time. Indi-
cations are that it will be a useful and important conference,
and you can stay a few extra days to enjoy the Mississippi
Gulf Coast. And the rooms are filling fast. Where else can
you get a room at a First Rate hotel for $86 per night?

Thomas F. Wiener
IEEE/OES President

Message from the Vice President, Professional Activities
On Thursday, August 29, 2002, the Executive Committee held
a teleconference to review progress on action items from the
Administrative Committee Spring meeting in Houston on
May 5, 2002. During the teleconference one of the items for
discussion was the election of AdCom members for the
2003-2005 term. It occurred to me that many of our members
are not familiar with how the Oceanic Engineering Society is
organized and governed. By way of in-
troduction to what your elected officers
due during the year, it would be well to
explain how the Society operates. Arti-
cle V, Section 1 of the OES Constitu-
tion defines that “The Society shall be
managed by an Administrative Com-
mittee (AdCom) of no less than ten nor
more than thirty Members-at-Large,
who shall have voting rights and who
shall be elected by vote of the members
of the society ... Elected Administra-
tive Committee members shall be at
least Member grade. Section 2 of Arti-
cle V then defines the Officers of the
Society and Section 3 defines the elec-
tion of officers of the Society. The
President of the Society appoints the
Society Treasurer, who shall be an
elected AdCom member, and the Secretary, who does not nec-
essarily need to be an AdCom member.

At the present time the bylaws state that the AdCom shall
consist of 18 members-at-large. Each year we have an election
to fill six slots on the AdCom. Each year the nominating com-
mittee presents a slate of AdCom candidates to the AdCom
and after approval the slate is presented to the membership for
voting. The term of office for an elected AdCom member is
three years. An AdCom member can serve for two consecutive
terms and must lay out for a year before being eligible for an-

other term. Each year the nominating committee searches for
new candidates for elected AdCom members. If you are inter-
ested in serving the Society as an AdCom member or have a
recommendation for an AdCom member, you are welcome to
advise the President who will pass the name along to the Nom-
inating Committee. AdCom members are expected to work
during their term of office and will be assigned duties on one or

more of the operating committees of
the Society. Members must also plan to
attend the two Administrative Commit-
tees each year. These are held in the
spring at the Offshore Technology
Conference (OTC) and in the fall at the
annual OCEANS Conference. How-
ever, committee work goes on during
the periods between AdCom meetings.
The officers of the Society all spend
much additional time to the duties of
the Society and ExCom meetings are
held several times during the year.

During the ExCom teleconference
we reviewed committee reports. Dur-
ing the Houston AdCom a committee
was formed to review our dues struc-
ture and to make recommendations for
the coming and future years. One of the

largest costs of membership to the Society is the publication of
the Journal. Another large cost is the IEEE corporate alloca-
tion. Our membership dues only cover a small portion of the
member cost to the Society. At the Houston AdCom meeting
the 2003 Society dues were raised to $19.00. Our estimated
membership cost for 2003 are $61.63. Much of this cost differ-
ential is paid from the income we receive from the Offshore
Technology Conference. The Committee made two policy
recommendations that will be acted upon at the Fall AdCom
meeting at OCEANS 2002.
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One of the big discussion items during the teleconference
was the planning toward two OCEANS Conferences each
year. In the Summer Newsletter Joe Vadus, Vice President for
Technical Activities outlined very well our schedule of con-
ferences and workshops for future years. In 2004 we will have
a test of this concept with an OCEANS Conference in Kobe,
Japan, and one in the USA. The OCEANS Conferences re-
quire a lot of planning and the work has been ongoing for the
past two years in preparation for this change.

Membership is always an item of concern. It was pleasing
to find out in the latest IEEE membership report that OES is no
longer the smallest Society in IEEE. We have moved up the
ladder and are now the third smallest Society in IEEE! Our
membership continues to increase with new members in Re-
gion 10 (Asia and the far east). We gained new members in
Taiwan and Singapore during the past year. We also received
several new member applications in our booth at OTC. We
have also gained new Senior Members and we continue to re-
mind members to become Senior Members when they become
eligible.

Along with membership gains we have also gained two
new Chapters in the past year. Last year we welcomed both the
Boston Chapter and the Taiwan Chapter. The Taiwan Chapter
was inaugurated this spring when our President Tom Wiener
and VP Professional Joe Vadus visited there. In August a new
Chapter in Singapore received its charter. We are pleased with
the growth of OES in these areas.

One of the activities of the Society that is of great value is
our work with students. This year OES provided support for
the National Ocean Sciences Bowl, sponsored by CORE
(Consortium for Oceanographic Research and Education),
held in Providence, RI April 28-29, 2002. Twenty-two High
School teams from across the USA participated in the two-day
event. Jim Barbera and I attended and it was exciting to watch

the four-member teams compete in a “Jeopardy” style compe-
tition. It was great to meet the teams and their coaches and find
out their interests. The key to the team was a teacher that had
the interest and drive to coach the students and get them inter-
ested in competing. The students had to do a lot of outside
reading to prepare for the competition as the questions ran a
full gambit from history, geology, chemistry, physics, math,
oceanography, geopolitics, and on and on. You soon identified
with a team and were anxious to see them win. OES provided
four awards of $500 each to winning teams to buy books and
resources for the students. Jim and I were honored to present
the certificates to four of the winners. We plan to continue our
support for this program.

Human Powered Submarine Races are another area of in-
terest in Student Activities. Once again OES provided support
for the Human Powered Submarine Races held in the San
Diego area in July. OES provided money for the operating ex-
penses and the San Diego Chapter also provided funds to help
in the conduct of the races. Next year the races will be held at
the David Taylor Model Basin and OES and the Washing-
ton/Northern Virginia Chapter will provide support.

Our major student activity of the year continues to be our
support of the Student Poster Session at OCEANS. This year
is no exception and we have a fine group of students who have
accepted our invitation. We expect 20 posters this year and
will have students from Africa, Europe, and Japan along with
students from Canada and the USA. The students will get a
pre-conference field trip to a swamp while they are in Biloxi!

2002 has been a busy year for OES and we look forward to
OCEANS 2002!

Norman D. Miller, P.E.
IEEE/OES

Vice President, Professional Activities
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IEEE OES Senior Membership Campaign
In an effort to recognize our members’ technical and professional excellence, boost member participa-

tion in the OES and local chapters, and promote membership development, the OES has decided to take an
active role in the IEEE Senior Membership Initiative. Jim Collins and Bill Terry, Chair - OES Senior
Member Promotion Campaign have taken the lead in this effort. OES President, Tom Wiener, has given
this his full support and is encouraging each chapter’s participation.

The IEEE’s Senior Member Program calls on Section and Society members to work together as a group
to identify and nominate qualified Members for Senior Member grade. The Nominate a Senior Member
Initiative, as a part of the Senior Member Program, provides financial incentives to Sections and Societies
who nominate qualified members from their respective entities for Senior Member grade.

Becoming an IEEE Senior Member is a major achievement in a member’s professional career. Senior
Membership offers several benefits to individual members:
• The professional recognition of your peers for technical and professional excellence.
• An attractive fine wood and bronze engraved Senior Member plaque to proudly display.
• Up to $25.00 gift certificate toward one new Society membership.
• A letter of commendation to your employer on the achievement of Senior Member grade (upon the re-

quest of the newly elected Senior Member.)
• Announcement of elevation in Section/Society and/or local newsletters, newspapers and notices.
• Eligibility to hold executive IEEE volunteer positions.
• Can serve as Reference for Senior Member applicants.
• Invited to be on the panel to review Senior Member applications.
• Nominations for IEEE fellow require the candidate holds Senior Member grade at the time the nomina-

tion is submitted.
The campaign calls for participation at the local chapter level with each chapter starting with the follow-

ing steps:
• Identify three or more Sr. Members or Fellows in your local chapter who are willing to serve as refer-

ences and lead your local initiative.
• Announce your local drive at chapter meetings and in chapter websites and newsletters.
• Identify members in your section who should be recognized and nominated for Sr. Membership.
• Nominate these members and work with them to complete the application and get the two added refer-

ences.
All OES members are encouraged to work with their local chapters in identifying members who should

be recognized.  Contact your local chapter Chair for further information.
The follow IEEE URLs have further information on the Sr. Membership program.

Nominate a Senior Member Initiative:
http://www.ieee.org/organizations/rab/md/sminitiative.html

Senior Member Program:
http://www.ieee.org/organizations/rab/md/smprogram.html

Senior Member Nomination Letter:
http://www.ieee.org/organizations/rab/md/sm_nom_letter.doc

Senior Member Reference Form:
http://www.ieee.org/organizations/rab/md/smref.htm

Senior Member Application Form:
http://www.ieee.org/organizations/rab/md/smelev.htm



Field Evaluation of Sounding Accuracy in Deep Water
Multibeam Swath Bathymetry

Christian de Moustier
Scripps Institution of Oceanography
9500 Gilman Drive, La Jolla, CA 92093-0205, USA

Abstract- A new Kongsberg-Simrad EM120 multibeam
echo-sounder has been installed aboard Scripps Institution of
Oceanography’s Research Vessel Roger Revelle in January
2001. This system can map reliably a 20 km swath of seafloor in
4000 m water depth with 191 soundings per ping. Such a wide
swath width demands highly accurate (<0.05° RMS) roll infor-
mation from a motion sensor, and makes estimating sounding ac-
curacy across the swath an interesting challenge. It is shown that
good accuracy estimates can be obtained by collecting data on
station under control of the GPS-aided dynamic positioning sys-
tem usually available on most modern long-range oceanographic
vessels. A number of motion sensors, with RMS roll accuracy
specifications ranging from 0.05° to 0.01° , were tested with the
EM120 sonar on station in 3800 m to 4000 m water depths. Un-
expectedly, they yielded roughly the same depth uncertainty as a
function of receive beam angle. This result might be explained by
synchronization errors between the attitude data and the sonar
data leading to beam pointing errors, other types of beam point-
ing errors, a range of roll accuracy narrower than specified for the
motion sensors, or a combination of these factors.

I. INTRODUCTION
In January 2001, the Scripps Institution of Oceanography

installed a Kongsberg-Simrad Inc (KSI) EM120 multibeam
echo-sounder aboard the newest ship in its fleet, the Research
Vessel (R/V) Roger Revelle owned by the US Navy and com-
missioned in 1996 (AGOR 24).

This sonar system operates at a nominal frequency of 12
kHz, with a 1°x150° overall transmit sector (fore-aft x athwart-
ships) and up to 191 receive beams steered athwartships at regu-
lar angular steps across the swath, or at gradually narrower
angular steps to achieve uniform horizontal offset between
soundings athwartships, or a combination of both. Its flat
hydrophone array configuration yields nominal receive beam
widths of 2°/cos(θ) from broadside (θ=0°) to the outer steering
angles (θ=±75°). Most importantly, the sonar achieves broad
swath widths in deep water (e.g. =20 km at 4km depth) by steer-
ing the transmit beam in 9 discrete sectors athwarthships, while
compensating for the ship’s yaw, pitch, and roll. However, it is
necessary to know the ship’s roll and pitch to better than 0.05°
RMS to achieve KSI’s specification for sounding accuracy of
0.2% of water depth across the swath. In fact, since the sea trials
at the end of January 2001, an apparent roll artifact has ruffled
along-track the outer edges of the bathymetric swath collected
aboard R/V R. Revelle. Several tests have been conducted with
various motion sensors to try and identify its cause.

With swath widths in excess of 20 km it is difficult to find a
seafloor area, with suitably little relief along and across track, on
which to conduct sounding accuracy tests. Options include sur-

vey techniques developed to resolve biases in swath bathymetry
data, such as running a patch test over a known seafloor area [1],
or creating a reference surface from a highly redundant set of
soundings obtained by running tightly spaced parallel tracks with
up to 90% swath overlap between adjacent tracks. Sounding ac-
curacy is then estimated by comparing individual soundings to
the reference surface [3]. In all cases, a deep water reference sur-
face is very costly in data acquisition and processing time.

Provided the ship has good dynamic positioning capabili-
ties, a simpler and much cheaper alternative consists in main-
taining the ship on station at a constant heading over a
relatively flat seafloor area. Ping after ping, the same patch of
seaflloor is sampled in a given beam direction and changes in
bottom relief along and across track become nearly negligible.

The purpose of this paper is to highlight the effectiveness
and potential pitfalls of estimating sounding accuracy from
multibeam swath bathymetry data gathered while the ship
holds station. EM120 swath bathymetry and associated navi-
gation data collected aboard R/V Roger Revelle are used to il-
lustrate the ship’s station keeping requirements in Section II,
and the sounding statistics in Section III. In Section IV, a com-
parison is made between results obtained on station, in 3800m
to 4000 m of water depth, with four different motion sensors
providing attitude data to the EM120 sonar. Their unexpected
similarity is discussed and potential causes are analyzed.

II. SHIP STATION KEEPING REQUIREMENTS
A. Position

At average oceanic depths (4 km), the along and across
track extents of the footprint of a 1°x2° specular beam are
roughly 70m and 140m, respectively. Adjacent beams on ei-
ther side athwartships are within 1°, but the angular beam
spacing becomes progressively narrower from nadir out when
using the sonar’s mode that provides equidistant soundings
across-track, which is true for all the data presented here.
Therefore one needs to maintain the ship’s position within a
watch circle 10 m in diameter for a given beam direction to
sound the same patch of seafloor repeatedly.

Aboard R/V Roger Revelle, the dynamic positioning sys-
tem controls two stern Z-drive azimuthal thrusters and a bow
thruster. It can maintain the ship’s position in a P-Code GPS
reference frame in a circle less than 10 m in diameter for the 40
min required to collect 100 pings in 3800 m of water depth, as
shown in Fig. 1.

B. Heading
The 1° fore-aft beamwidth of the transmit beams imposes

restrictions on the ship’s heading variability during a test, be-
fore relief variations along and across track can no longer be
neglected. As illustrated in Figs. 1-2, experience with R/V R.
Revelle shows that the ship can hold station and heading to
0.6° RMS (Fig. 3) in sea states 4 or below. In the foregoing
analysis, data with heading variations up to 0.75° RMS have
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been used, but they start showing the limitations of the negligi-
ble relief assumptions.

Likewise, the noise in the heading data supplied to the
EM120 sonar should remain a small fraction of the fore-aft
beam width. As a first order verification, Fig. 3 shows a noise
histogram drawn from the residuals of detrending and low-pass
filtering performed on the heading data of Fig. 2. Although not
strictly speaking a noise sequence, the residuals have a mean of
zero and a standard deviation of 0.12°, which is within 20% of
the 0.1° specified RMS accuracy of the Meridian Gyro used in
these tests, and of the accuracy required by the EM120 sonar.

Control of heading variations during a test is achieved by
setting a maximum heading deviation in the dynamic position-
ing system. However, local weather conditions might make
such settings moot and it becomes necessary to collect enough
pings to be able to select a subset of pings that fall within the
desired heading bounds.

III. SOUNDING STATISTICS
A. Depth Profiles

Given proper control of the ship’s heading and position
during data collection on station, it is straightforward to com-
pile statistics of the soundings as a function of receive beam
angles referenced to nadir, hence corrected for the ship’s roll
and for refraction effects at the face of the array. Here, beam
angles are considered in 0.1° increments, but only beam direc-

tions reporting data for more than half the
total number of pings in the set are used in
the statistics.

Stacked profiles of depth vs. received
beam angle are shown in Fig. 4, with details
in Fig. 5 showing the mean depth (solid line)
and the scatter of soundings about the mean.
The scatter increases with steering angle,
and tighter angular spacing of beams at in-
creasing athwartships angles to achieve
equidistant soundings can be seen also in
these plots.

Closer inspection of the outer beams
from Figs. 4-5 reveals two interesting clues
illustrated in Fig. 6, where soundings at

±65° from nadir are plotted as sequences of depth vs. consecu-
tive ping numbers (equivalent to time at ~20 s/ping). These
two sequences contain frequent spikes that are for the most
part “180° out of phase” between port and starboard, indicat-
ing that the athwartships profile rolls with the ship. Second,
there is a long term oscillation with a period of about 60 pings
(~20 min) that does not seem to be correlated with anything
obvious at this point.

B. Depth Uncertainty
The depth accuracy for each sounding is estimated from the

data in Figs 4-5, by forming the ratio of the standard deviation
of the soundings in each angular bin to their mean. This yields
a depth uncertainty in percent of mean water depth.

As shown in Fig. 7-8, uncertainties remain below 0.2%
from nadir to about ±60° and climb rapidly thereafter to values
in excess of 2% at ±70°.

C. Angular Variations
To first order, the depth uncertainties  ∆D vs. receive beam

angles  θ can be converted to an apparent angular error in beam
pointing ∆θ . This is done by differentiating the conversion of
straight path slant-range R to depth D (D=Rcos ), yielding:

∆ ∆ ∆D D R R/ / tan= − θ θ. (1)

The range uncertainty  ∆R of the EM120 is on the order of
37 cm in the deep water mode, hence the ratio of ranges on the
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Fig. 1. Variations in the ship’s position while on station. Fig. 2. Variations in the ship’s heading while on station.

Fig. 3. Histograms of variations in the
ship’s heading (left) and heading noise (right) while on station.



right side of (1) is of order 10-4 and is negligible relative to the
angular term. The apparent angular error is then:

∆ ∆θ θ= − D D/ ( tan ). (2)

The apparent angular error associated with the data in Figs.
5-8 is plotted in Fig. 9, along with its mean (zero) and standard
deviation (solid line). The standard deviation line remains
roughly constant and below 0.08° until ±60° and increases to
over 0.2° at ±70°. All else being equal, one would expect the
apparent angular error to remain essentially constant across
the swath, and the fact that it increases beyond ±60° indicates
that beams in the outermost sectors of the 9 sector transmit pat-
tern behave differently than the rest. An obvious culprit is the
lower signal-to-noise ratio to be expected on outer beams at
that depth, yielding noisier bottom detection results. In addi-
tion, higher sensitivity to roll error could be a factor, so could
beam pointing errors due to insufficiently accurate sound
speed information at the face of the array to correct for refrac-
tion effects. The latter is less likely because the ship was on
station and sound speed continuously measured at the depth of
the array agreed to within 1m/s with the corresponding sound
speed in the measured sound speed vs. depth profile entered in
the EM120.

IV. COMPARISON OF MOTION SENSORS
The data collection technique described in previous sections

was used to test 4 different motion sensors with the EM120 so-
nar, in an effort to verify whether inaccuracies in roll were
mainly responsible for the apparent roll artifact mentioned ear-
lier. The four sensors are a TSS DMS05[4], a Seatex MRU5, a
Seatex Seapath200[5], and an Applanix POS-MV320[6],
whose relevant characteristics are listed in Table 1.

All the tests reported here were conducted in sea state 3.
Tests with the DMS05 and the MRU5 were conducted at the
same location in 3800 m of water depth within one hour of each
other, hence conditions can be deemed identical. Tests with the
Seapath200 were conducted in 4000 m of water depth, and tests
with the POS-MV320 were conducted on a gentle slope (3750

m to 3900 m over 21 km) with the swath parallel to the slope. A
summary of the test conditions is given in Table 2.

Results of the four tests are compared by plotting the respec-
tive depth uncertainties on the same graph (Figs. 10-11). Fig. 10
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Fig. 4. Stacked instantaneous bottom profiles of depth vs.
receive beam angles (port <0, starboard >0) for about 100
pings recorded with the ship on station.

Fig. 5. Details of the port and starboard beam soundings (+)
from Fig. 4 with the mean profile drawn as a solid line.

Fig. 6. Evolution of soundings in time for two beams at ±65°
from vertical for the data shown in Figs. 4-5. Solid line port,
dashed line starboard.



provides the comparison results, and Fig 11 illustrates the limi-
tation of the method as will be explained shortly. In spite of a
factor of 5 difference in specified RMS roll accuracy between
the POS-MV320 and the DMS05, there are surprisingly small
differences in Fig. 10 between the depth uncertainties obtained
with the four motion sensors from nadir to ±60°. As expected,
data gathered with the POS-MV320 has a somewhat lower
depth uncertainty overall, but the improvement is not commen-
surate with the specified RMS roll accuracy.

Results with the Seapath200 were obtained after the ship’s
roll compensation tank had been emptied to provide a nearly
sinusoidal roll motion. With the roll tank in operation, the
ship’s roll departs noticeably from a simple harmonic modula-
tion, and results with the Seapath200 were noisier than those
shown here.

The smaller than expected differences in depth uncertain-
ties between motion sensors could be explained by a narrower
range of RMS roll accuracy than specified in Table 1. None-
theless, the apparent roll artifact is present at the edges of the
swath with all four sensors, indicating that factors other than
inaccuracies in roll are involved as well.

Except for data obtained with the POS-MV320, depth uncer-
tainties exceed 0.2% of water depth beyond 60°, and climb above
1% by 70° for the MRU5 and the DMS05. These much larger un-
certainties are most likely due to bottom detection errors on the
outerbeams causing a few outliers to skew the results. Ping by
ping outlier removal will probably be necessary to obtain a pic-

ture of depth uncertainty vs. receive beam an-
gle that remains consistent over several tests,
and from which more definitive depth accu-
racy estimates can be derived.

The requirement for careful data editing
prior to assessing depth accuracies is illus-
trated in Fig. 11 where results obtained with
the POS-MV320 have larger uncertainties
than with the other sensors. Yet this plot
corresponds to the port half of the data
shown in Fig. 10. In this case, the higher
depth uncertainties are due to larger bottom
detection scatter upslope, which is most
likely caused by local relief and the some-
what higher standard deviation of the ship’s
heading (0.71°). Once again, careful data
editing will be required to obtain a consis-
tent picture because the uncertainties re-
ported for POS-MV320 data are not
representative of the actual depth accuracy
capabilities of the sonar system. The other
curves are more consistent and therefore
closer to the actual accuracy.

III. CONCLUSIONS
The sounding accuracy of a deep water

multibeam swath bathymetry sonar can be
assessed from data collected while the ship
holds station, maintaining position and
heading to tolerances set by the fore-aft
beam width of the transmit beam, and by the

nominal footprint of the intersection of the transmit beam and
the narrowest receive beam. However examples provided in
previous sections show that careful data editing is required to
obtain reliable estimates.

Comparisons of sounding accuracies obtained with 4 dif-
ferent motion sensors yielded smaller than expected differ-
ences given the factor of 5 difference in RMS roll accuracy
among the sensors. Likely explanations include incorrect
specification of RMS roll accuracy for the motion sensors,
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Fig. 7 Depth uncertainty (standard deviation/mean) of
soundings in Figs 4-5 for each beam direction referenced to
vertical.

Fig. 8. Details of the depth uncertainty
(Fig. 7) measured on the outer beams for soundings in Figs. 4-5.

Fig. 9. Apparent angular error (2)
associated with the depth uncertainties in Fig. 7-8, showing the scatter of individual
points, their standard deviation (solid line), and their mean (zero center line).
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beam steering errors on the outermost sectors (beyond ±58°)
of the EM120 sonar, and misregistration between the roll time
series and the sonar data. The last two explanations are the
most probable given the evidence of apparent roll errors found
at the edges of the swath (Fig.6).
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Table 1. Motion Sensors Accuracy Specifications

SENSORS RMS Roll/Pitch
Accuracy (deg)

Heave
accuracy (cm)

DMS05 0.05 5

MRU5 0.03 5

Seapath200 0.03 5

POS-MV320 0.01 5

Table 2. Test Conditions

Heading
Standard
Deviation
(deg)

Position
Variations
(m x m)

Bottom
Slope
(deg)

DMS05 0.64 3x4.5 0.11

MRU5 0.57 5x5 0.11

SEAPATH200 0.750 8x6 0.13

POS-MV320 0.71 9x4 0.4

Fig. 10. Depth uncertainties vs. starboard beam angles
referenced to vertical for 4 different motion sensors.

Fig. 11. Depth uncertainties vs. port beam angles referenced
to vertical for 4 different motion sensors.
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Soundings
Welcome to the latest installment of “Sound-
ings”, a column that reports on a broad spectrum
of news items from the mainstream media as
they relate to Ocean Engineering technologies.
The purpose of this column is to inform the
ocean engineering community of our industry’s
visibility in the media and how the general public
perceives our efforts.

Alvin to Retire?
Probably one of the most recognized public
symbols of ocean exploration, the submersible Alvin
turned 35 this year. Ocean scientists are starting to contem-
plate a replacement but the exact definition of “replace-
ment” has yet to be determined. It seems everyone is
weighing-in with their comments, from members of Con-
gress, a White House oceans panel, and a National Acad-
emy of Sciences group. In spite of the impressive advances
in ROV technology and related sensor/handling systems in
recent years, there is still no substitute for a human set of
eyes “on the spot.” It is not a question of “if” but rather a
question of “when” we see the “son of Alvin” take to the
seas. http://www.oceanexplorer.noaa.gov/technology/
subs/alvin/alvin.html

NOAA Takes Lead Raising Awareness
and Artifacts.
The U.S. Government’s National Oceanic and Atmo-
spheric Administration (NOAA) has taken a lead role in
raising the public’s awareness of the oceans through its
program to locate and retrieve submerged cultural artifacts.
Prominent among this program’s activity has been the re-
covery of the USS Monitor. (http://oceanexplorer.noaa.
gov/explorations/02monitor/monitor.html)

However, in late August, news of a new discovery sur-
faced when officials at the National Oceanic and Atmo-
spheric Administration and the National Undersea Research
Center (NURC) at the University of Connecticut announced

they positively identified the wreck of the “Port-
land” in Stellwagen Bank National Marine Sanc-
tuary, off of Cape Cod Massachusetts.

The Portland, one of the first luxury steam-
ships using side paddlewheels, sank in Massa-
chusetts Bay in 1898, killing all 192 people
aboard. The sinking has been widely referred to
as ‘’New England’s Titanic.’’ The wreck was
initially discovered by Arne Carr and John Fish,
local marine explorers. NURC conducted fur-
ther at-sea exploration at the behest of NOAA

and produced video footage of the ship’s rudder and other
identifying marks that gave ‘’solid’’ evidence that the
wreck is indeed the Portland. The cause of the ships demise
was the coalescing of two winter storms that produced 90
mile-per-hour winds. A triple storm convergence off the
New England coast in 1991 resulted in serious loss of life
offshore and formed the basis for Sebastian Junger’s book
“The Perfect Storm.”

The identification of the wreck is part of an ongoing ef-
fort by NOAA to scour Stellwagen Bank and other marine
sanctuaries for archeological and cultural finds. NOAA is
also conducting similar archeological research in the Great
Lakes. “Our announcement [of the Portland] is the result of
an increased emphasis on submerged cultural resources,”
said Dan Basta, director of the National Marine Sanctuary
Program in NOAA. “You can’t [always] get people excited
over squid,” said Basta. “Our drive is to use maritime heri-
tage to demonstrate... our relationship to the sea.”

If you see an article (whether in print or in electronic
form) that you would like to see mentioned in this column,
please let me know by email, fax, phone, or regular mail.
Email contributions can be sent to a special address:
Soundings@Sygnus.Com. Information for phone, fax, and
regular correspondence can be found in the back of news-
letter where I am listed in the AdCom section.

by John Irza

PHOTO COURTESY OF NOAA



The Search for the World War II Japanese Midget
Submarine Sunk off Pearl Harbor, Dec. 7, 1941
John C. Wiltshire,
Hawaii Undersea Research Laboratory
School of Ocean and Earth Sciences and Technology
University of Hawaii, Honolulu

Introduction
At 12.20 p.m. on August 28, 2002, the Pisces IV and Pisces

V, two deep diving submersibles operated by the Hawaii Un-
dersea Research Laboratory (HURL), found the Japanese
midget submarine which was the first vessel sunk in the attack
on Pearl Harbor, December 7th, 1941. HURL is one of six na-
tional laboratories comprising NOAA’s National Undersea
Research Program. It is located at the University of Hawaii’s
School of Ocean and Earth Sciences and Technology. The
sunken midget sub was located during the last of a series of test
and training dives conducted annually in the military debris
fields off Pearl Harbor. HURL is now undertaking its regular
four to five month dive season of scientific and engineering
dives focusing on fisheries enhancement , coral reef habitats,
undersea volcanism, landslide monitoring, acoustic identifi-
cation of fish and their habitats and other engineering and
oceanographic studies.

This midget sub find has been described as the most signifi-
cant modern marine archeological find ever in the Pacific, sec-
ond only to the finding of the Titanic in the Atlantic. The
Japanese midget sub was one of five attached to five I-class
mother submarines and brought from Japan to be launched 5-6
hours before the aerial attack, within a few miles of Pearl Har-
bor. Each had a crew of two. The subs were battery powered ,
78 feet long , 6 feet in diameter and weighed 46 tons. They car-
ried two torpedoes and a scuttling charge to avoid capture. Al-
though experimental in design, they were very advanced for
the time. For short periods, they could run at 20 knots. These
midget submarines were completed only months before the at-
tack allowing little time for the crews to train. All of the five
submarines comprising the advanced attack force were sunk
or captured. The type A midget submarines had a series of ba-
sic design problems including trim and ballast control and
problems both with battery life and battery monitoring. Later
redesign, as five man midget submarines of the Koryu class,
addressed but did not solve these problems. The Japanese
midget submarines although believed at the time to be a potent
secret weapon, in actual fact, were never highly effective. So
far four of the five original midget submarines attacking Pearl
Harbor have been found.

History
The discovery of the midget submarine confirms the ac-

count radioed to naval command at Pearl Harbor at 6:45 am on
Dec. 7, 1941 . A Japanese submarine was shot through the con-
ning tower and then depth charged trying to enter Pearl Harbor
behind a cargo ship. The crew of the attacking USS Ward , an
older style four stack destroyer, saw the midget sub lifted out
of the water by depth charges after firing the fatal shot from its

four inch side gun. The Ward’s crew were Naval reservists
from Minneapolis, MN. Unfortunately, Naval command in
Pearl Harbor ignored the Ward’s report and the aerial attack
began at 8 am. At the Pearl Harbor investigation, some ques-
tion was made of the accuracy of the Ward’s report. The Ward
is now vindicated. The Ward itself was later targeted by the
Japanese and sunk in a kamikaze attack, ironically on Dec. 7,
1944, in the Philippines.

Search
The search for the Japanese midget sub has been ongoing

for 61 years since it was first sunk. In its latest phase, the Ha-
waii Undersea Research Lab has conducted towed side scan
sonar surveys of the debris fields off Pearl Harbor. At the end
of World War II, obsolete war materiel was dumped in
1,000-3,000 feet of water several miles off Pearl Harbor. This
included: landing craft, tanks, old aircraft, trucks, barges,
small ships, fuel tanks etc. There are on the order of 1,000 sig-
nificant sonar targets in the area. Sorting through these various
targets to identify the most promising ones to dive on as a sub-
mersible pilot training exercise has been the work of many
years. The Japanese midget submarine although giving a very
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clear return on the side scan survey was interspersed with
other debris on the bottom complicating the search efforts.

Findings
The Japanese midget submarine was found in 400 m of water

about five miles off the mouth of Pearl Harbor. As it is classed
as a military grave site, its exact location is being held by the
U.S. State Department. The submarine sits upright on the bot-
tom and is in amazingly good condition as shown in the photos.
Both torpedoes are still in place. The submarine has no apparent
depth charge damage but does have shell damage on both sides
of the conning tower. The port side of the conning tower exhib-
its what one analyst has identified as shrapnel holes. This would
presumably have come from the first shell fired by the USS
Ward which exploded near the submarine but did not directly
hit it. The starboard side of the conning tower shows a hole from
the 4 inch shell fired by the side gun on the Ward as the ship
steamed past. Apparently, this shell did not explode on impact
as the midget sub conning tower is clearly still in place. While
four depth charges were dropped directly on the midget as the
Ward passed by, the charges were set to go off at a depth of 100
feet and the submarine was at the surface. The pressure wave
created by the 4 depth charges was sufficient to fully lift the 46
ton, 78 foot midget out of the water, but apparently did no visu-
ally apparent structural damage. The midget sub sank from
flooding through the four inch shell hole.

Questions
A number of questions still remain over this submarine,

which was the first casualty in the war between the U.S. and
Japan. Can and should it ever be raised, perhaps to join the
USS Missouri forming the bookends for the Pacific war, that
is, the first shot and the final surrender? Why did the Naval
command at Pearl Harbor apparently ignore a confirmed en-
emy sinking right off its harbor mouth? Why did the Japanese
put so much faith in the five midget submarines that they were
allowed to lead the Pearl Harbor attack ? After all five of the at-
tacking midget submarines were lost in their first engagement
and shown to be ineffective, why did the Japanese Imperial
Navy go on to build hundreds of midget submarines most of
which were never used?

Raising the Midget Sub
It is unclear if the submarine will be raised or if its resting

site will become a marine sanctuary. Discussions are ongoing
between the United States and Japanese governments. It
would be technically feasible, although difficult and expen-
sive, to raise the submarine. Recent efforts have raised the
sunken Russian submarine Kursk in arctic waters off northern
Russia as well as the partial raising of the sunken Japanese
fisheries training vessel Ehime Maru off Hawaii. Both of these
efforts were more complicated and involved larger vessels
than the Japanese midget submarine. The Kursk effort in-
volved a nuclear reactor and live and damaged torpedoes.

Complications involved in raising this Japanese midget sub
include the two torpedoes and the scuttling charge as well as
the necessity of maintaining structural integrity on a possibly
damaged hull. Initial speculation on a salvage plan has fo-
cused on making the midget sub close to neutrally buoyant.
This might be done either by pumping compressed air or foam
into the hull through the shot hole. The midget sub could then
be gently nudged onto a 90 foot long pallet and secured. The
pallet would then be gently lifted and towed to shallower, pro-
tected waters where divers could arrange
a lift to the surface under optimal conditions.

Future
Long before any decision or plans could be formulated to

raise the midget submarine, the site will need to be thoroughly
photographed and surveyed. There is some possibility that an
underwater endoscope such as that used to explore the interior
of the submerged wreck of the USS Arizona at Pearl Harbor
might be deployed from the Pisces submersibles to explore the
interior of the Japanese midget submarine through the shell
hole. As the shell hole is quite small, this may prove to be oper-
ationally impossible.

Further research at the site will certainly clarify the subs
condition and provide valuable information for future groups
contemplating raising the midget submarine In all cases, fu-
ture exploration must proceed with the greatest respect and
care for this submerged wreck, recognizing it as a war grave
site likely containing the remains of the two Japanese crew ,
the first casualties in the Pearl Harbor attack.
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Student Members Retention, Staff and Volunteer Synergy
Are Discussed at Debate
By Kathy Kowalenko
Editor, The Institute

PHILADELPHIA, USA – The three candidates run-
ning to succeed Mike Adler as president in 2004
faced-off in a debate at the University of Pennsylva-
nia Faculty Club on 18 June. Hosted for the four-
teenth year by the IEEE Philadelphia Section, the
debate was coordinated by Fulvio E. Oliverto and
moderated by Tasos Malapetsas, the Section’s chair.

Vijay Bhargava of Victoria, British Columbia,
Canada; Luis Gandia of Puerto Rico, USA, and Ar-
thur Winston of Boston, USA, answered questions
from The Institute and the audience.

The following are excerpts of the candidates’ responses to
selected questions. Read all the questions and responses at
“http://www.spectrum.ieee.org/INST/ti.html”.

What can the IEEE do to remain a leader
in publishing technical articles?
Bhargava: It is well known that the IEEE is often slow to re-
spond with visible presence in an area. An example is when it
took us so long to start the IEEE Wireless Transaction after a
commercial for-profit publisher had already came out with that
topic. Part of it might be that our Societies occasionally are
hampered by a so-called “silo” mentality. There is no doubt that
we have to develop a strategy to handle not only competition
from outside, but from within. We have to examine direct pub-
lishing on the Internet, something the IEEE does not do. We rec-
ognize that the younger people are often more comfortable
going to the Internet as an information source. While our
peer-review system and branding is a big consideration, people
want to reference material that is readily available.

What I mean by competition from within is we
now have IEEE Xplore™ subscriptions with major
libraries and corporations. If you assume that mem-
bers join the IEEE for the publications, conferences
and conference proceedings, then you have to make
sure these are available in a customized way and in a
user-friendly manner. To what extent should the
IEEE turn the Web site into a portal for all related
technical literature? Do we broker a cooperative ar-
rangement with other publishers, co-branding like
IEEE Press did with John Wiley and Sons, Inc.?

Certainly, the need for customization, personalization and
focus on service and delivery is a must. We also need to encour-
age people to start writing papers focusing on the reader rather
than the author. In other words, we would like these articles to
be more readily available. The IEEE Member Digital Library is
a neat idea because often a publication will appear in transac-

tions you do not subscribe to, and it would be nice to
have a member version of IEEE Xplore granting ac-
cess to all the publications.

Given our market share, our peer-review sys-
tem and with some of the initiaves on Internet pub-
lishing, we will continue to be authors’ first choice
for publishing.
Gandia: I’m not an expert in publications but I can
tell you what I read about IEEE publications. We
have heavy competition in publishing from Elsevier,
Scientific American, MIT Technology Review and

many others. Most of these have a lot of money. Most can do
whatever they want to make their publication the best in the
world.

We have one thing that most of them don’t have. We have
the authors who write for the IEEE, and we have the reviewers
who review those articles. Those articles are not printed or pub-
lished until they are reviewed by our authors. That’s one thing
that some of these other companies don’t have. People prefer to
read IEEE publications because they know the articles are being
reviewed. They know that they contain the latest technology.
We can work it out, we can meet that competition if we really
want to do it, if we really fight for it. But it is not going to be
easy. It is going to be very hard, but I know we can do it.
Winston: At Tufts University, I heard the chair of the electri-
cal engineering/computer science department tell a student,
“Before you get your Ph.D, I want you to have published at
least three articles in a peer-reviewed journal, namely the
IEEE.” So that definitely is a strength.

I’ve worked with the IEEE’s major competitors
through the Reed part of Elsevier in terms of con-
ferences, and they are very aggressive. One thing
they’ve done that will take a lot of work — but per-
haps IEEE should consider — is that they are con-
stantly bringing themselves to your attention. For
example, they put out a daily highlights-type docu-
ment. That takes a lot of work but it keeps you con-
stantly acquainted and refreshed with what
Elsevier is doing. Perhaps new articles, news re-
leases or things like that could be put out so that
people can keep this constant reminder and contact

with the IEEE.
Another potential problem area is that I’ve heard some stu-

dents ask, “Sure we like the publications but why do we need
to become part of the IEEE when we can get them through our
school?” We have to convince younger people who might
have access that there are advantages to the IEEE like having
their own material, their own copies and other benefits from
the organization.
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In your opinion, why does the IEEE lose
so many of its younger members —
college graduates and young engineers —
and how would you change this?
Bhargava: During my tenure as Regional Activities vice
president, we thought about this problem and provided strong
support for the Student Activities Committee chair to come up
with programs such as Graduates of the Last Decade (GOLD).
The big difference in that program and several other ongoing
initiatives always has been that students are the seed corn for
the future of the IEEE.

There are various things we can do to harvest this IEEE
seed corn, perhaps inviting them to your local Section meet-
ing, making a special effort or taking a new hire at your com-
pany to a Section meeting and helping him or her with IEEE
networking. Also perhaps Section Chairs could write a letter
reminding them that they are welcome as full-fledged IEEE
members and to participate in Section activities.

The GOLD program is making a concerted effort to ensure
that students remain IEEE members within a certain period of
years of graduating. It is very important that we get
them there. GOLD and other initiatives such as
providing them with e-mail aliases, ways to be in
touch with the members, and encouraging all Soci-
eties and Sections to develop products to address
the specific needs of a young engineer are also
helpful programs.
Gandia: Believe it or not, every year we lose
50,000 members. Just to break even, we need to re-
cruit 50,000 new members. It has been proven that
the majority of these 50,000 people who leave the
IEEE are student members and recent graduates.

Why do they leave? That is a very important question. Why
do students join the IEEE? Mostly because they need the IEEE,
especially graduate students, to feed them information and to
get information out of our Societies. They join the IEEE so that
when they graduate, they can put on their curriculum vitae that
they are an IEEE member to help them get a job.

So, what happened? Even with the GOLD program, why do
they leave the IEEE? “I’m an engineer already, I don’t need
the IEEE. I have it made, I’m making $40,000 to $50,000 a
year.” How wrong they are. I’ve been telling students every
time I talk to them that after graduation is when they need the
IEEE the most. Now you are a professional, and the IEEE can
help you in that. Some of them understand, but unfortunately,
the great majority don’t. I think the GOLD program is an ex-
cellent program but its effectiveness still has to be proven.
Winston: The answer is simple, but the implementation is not.
The main reason students join is for social purposes. Also re-
lated to that is how effective the Branch Counselor is. That’s
been demonstrated.

Those who have dealt with fundraising for your school know
you have the same kind of phenomenon. People move, and con-
tact is broken. Or even if they haven’t moved, in the case of the
IEEE, they have lost the understanding or maybe they never did
understand how important professional networking is, how im-

portant professional information is, the obligation of support-
ing your professional society. They don’t know this.

The implementation can only be done by personal contact,
keeping people involved. If they are involved, they are going
to stay and contribute. You have to find a way to keep them in-
volved, and it takes more than just the school or the Branch
Counselor. You have to fall back on the Section. It is a lot of
work. I don’t know of any good way of attracting student
members without getting them involved. It’s important that
something be done because we really are subsidizing the
whole student effort. It’s important but on the other hand, we
are not getting that return. They are not becoming full-fledged
members and paying their dues. It is an important thing, and
personal contact and involvement is the key.

Is the IEEE a volunteer society served by
Headquarters or the reverse?
Winston: I happen to be on record of asking that very question.
One reason why I’m involved with the IEEE is because of the
volunteer activities. It’s one of the few organizations that you
can get involved with, gain from and contribute to. The staff has

to get a little more sensitive to things, and there has
to be better synergy between the staff and volun-
teers. I think that’s starting to change, but I did see an
effort over the last couple of years — if we weren’t
careful — of the emphasis going toward staff direct-
ing and volunteers following rather than the reverse.

I learned from my business experience that dealing
with lawyers is still one area in which we have to be
careful. The only way I was successful with lawyers
and working with other parties was to come out with a
memorandum of understanding or at least to discuss
what we wanted to do and tell the lawyers to imple-

ment it. What has happened to the IEEE is that we get legal advice
anddon’tnecessarily tell the lawyerswhatwewant toaccomplish.
Gandia: What we must remember is that IEEE staff and volun-
teers are a team. We must find a happy median for volunteers and
staff to be able to work together. Staff exists to serve volunteers.
Bhargava: The IEEE works best when there is synergy be-
tween staff and volunteers. The division is reasonably
straightforward. Volunteers set the policy, and staff takes it to
completion. There should be a volunteer oversight for most
activities, but we should be careful not to interfere too much
with our staff. They are fairly competent. But sometimes we
lose that oversight element. One example of that might be the
enormous growth of the information technology-related staff.
As far as I know, for a number of years there was no volunteer
oversight of that area. Some would argue that might be part of
the reason why we are in such a financial mess.

I’m slightly disturbed that by taking into consideration per-
ceived problems with accounting and legal, all sorts of rules and
regulations are coming in that really do not help volunteers. I
think if you go to the lawyers and ask, “This is what our volun-
teers do, what is your interpretation of the law?” that will help
them, as opposed to the other way and taking the extreme view.

We need to work as a team. But volunteers set policy, the
staff implements it and tries to get interpretation for legal and
accounting problems that will facilitate the volunteers’ job.
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OCEANS 2002 MTS/IEEE
Conference and Exhibition
OCEANS 2002 will be held in Biloxi, Mississippi, October 29-31, 2002. The conference is
expected to attract more than 2000 attendees from across the United States, Canada, Japan
and other counties around the world.

Conference co-participants are the American Geophysical Union; the American Meteo-
rology Society; the Society of Naval Architects and Marine Engineers; the Hydrographic
Society of America; the Society of Exploration Geophysicists; the Oceanography Society;
the Minerals, Metals, and Materials Society and the American Fisheries Society.

Technical Sessions and Tutorials
OCEANS 2002, the most significant conference for ocean science and technology, will
provide forums to discuss applications and developments. Over 500 presentations will en-
compass ocean observation and data collection, modeling, data management, engineering,
fisheries, and the role of the ocean in homeland defense. The regional presence of large fed-
eral agencies for ocean measurement will result in a wide range of presentations on high
technology applications and developments of the Navy, NOAA, NASA, and numerous
supporting industries.

On October 28 ten technology tutorials will be conducted at the Marine Education Cen-
ter of the University of Southern Mississippi.

Exhibits
Approximately 175 exhibitors from commercial, government and academic marine prod-
uct and service providers will display their latest developments and capabilities. There will
also be an exhibitor’s showcase to allow demonstration of new products. Additionally,
there will be an opportunity for attendees to tour industry, Navy and NOAA ocean survey
ships and receive updates on ship instrumentation and capabilities.

Preliminary Program
The opening ceremonies of the conference will be held on Tuesday, October 29. Introduc-
tory plenary speakers will address the future of U. S. ocean policy. Afterwards, there will be
a grand opening of the Exhibit Hall, followed by the beginning technical sessions. Wednes-
day will begin with a plenary session on Homeland Defense, with talks by leaders of ocean
agencies. Technical sessions will continue Wednesday and Thursday.

Other Activities
On Friday November 1 tours will be available to view the advanced technologies at the John
C. Stennis Space Center, home of the US Naval Meteorology and Oceanography Com-
mand, US Naval Oceanographic Office, National Data Buoy Center, Naval Research Labo-
ratory, Department of Defense High Performance Computing Center, US Geological
Survey Hydrology Laboratory, NASA Earth Research Center and NASA Propulsion
Testing Center.

Additional Information
Technical activities will be held at the Mississippi Coast Coliseum and convention Center
along the beachfront of Biloxi, Mississippi. Blocks of rooms are reserved at the Beau Riv-
age Resort and Casino. Room reservations are handled by J. Spargo and Associates, (800)
564-4220 or (703) 631-6200.

Registration Information
Registration is mandatory for participation in conference activities. Prospective exhibitors
should contact J. Spargo and Associates. More information is available on the conference
web site: www.oceans2002.com.
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