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FOREWORD

The National Science Foundation has been involved in funding technology
assessments comparing the United States and foreign couritries since 1983, A
sizable proportion of this activity has beeri in the Japanese Technology Evaluation
Center JTEC) and World Technology Evaluation Center (WFEC) programs. We
have supported more than 30 JTEC and WTEC studies over a wide range of

technical topics.

As U.S. technological leadership is challenged in areas of previous dominance, such
as aeronautics, space, and nuclear power, many governmiental and private
organizations seek to set policies that will help maintain U.S. strengths. To do this
effectively requires an understanding of the relative position of the United States and
its competitors. The purpose of the JTEC/WTEC program is to assess research and
development efforts ongoing in other coutittiss in specific areas of technology, to
compare these efforts and their results to U.S. research in the same areas, and to

identify opportunities for interational collaboration in pre-competitive research.

Many U.S. organizations support substantial data gathering and analysis efforts
directed at nations such as Japan. But often the results of these studies are not
widely available. At the same time, government and privately sponsored studies that
are in the public domain tend to be "Input* studies. That is, they provide
énumeration of inputs to the research afid development process, such as monetary
expenditures, personnel data, and facilifiss, biit do not provide an assessment of the
quality or quantity of the outputs obtained. ~

Studies of the outputs of the research and development process are more difficult
to perform because they require a subjective analysis performed by individuals who
are experts in the relevant technical flelds. The National Science Foundation staff
includes professionals with expertise in a wide range of disciplines. These
individuals provide the technical expertise needed to assemble panels of experts that
can perform competent, unbiased, technical reviews of research and development
activities. N ‘

Specific technologies, such as telecommurgcations, biotechnology, and nuclear

power, are selected for study by goverr agencies that have an interest in
obtaining the results of an assessment arid are able to contribute to its funding. A

typical assessment is sponsored by two to four agencies. In the Hirst few years of
the program, most of the studies focused on Japan, reflecting concern over Japan's

growing economic prowess. Studies were largely defined by a few federal mission

agencies that contributed most of the funding, such as the Department of Commerce,

the Department of Defense, and the Depirttént of Energy.
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Includingabroaderpoiicyandeconcmfécontexttoourstudies. This is
directed at the need to answer the question, "So what?" that is often raised in
connection with the purely technical conclusions of many JTEC and WTEC
panels. What are the implications of the technical results for U.S. industry
and the economy in general? We will be adding an:economist to an
upcoming JTEC study on optoelectronics in Japan as a new effort to address

these broader questions.

In the end, all government funded programs must answer the followind question:
How has the program benefitted the nation? 1 would like to point out a few of the
benefits of the JTEC/WTEC program: 3

(<]

JTEC studies have contributed significantly to U.S. benchmarking of the
growing prowess of Japan’s technological enterprise. Some have estimated
that JTEC has been responsible for over half of the major Japanese
technology benchmarking studies conducted in the United States in the past
decade. Our reports have also been widely cited in various competitiveness
studies.

These studies have provided important input to policymakers in federal
mission agencies. JTEC and WTEC panel chairs have given special briefings
to senior officials of the Department of Energy, the NASA Administrator, and
even the President’s Science Advisor,

JTEC/WTEC studies have been of keen interest to U.S. industry, providing
managers with a sense of the competitive environment internationally.
Members of the recently completed study on satellite communications have
been involved in preliminary discussions concerning the establishment of two
separate industry/university consortia aimed at correcting the technological
imbalances identified by the panel in its report.

JTEC and WTEC studies also have been valuable sources of information for
both U.S. and foreign researchers, suggesting potential new research topics
and approaches, as well as opportunities for international cooperation. One
JTEC panelist was recently told by his Japanese hosts that, as a result of his
observations and suggestions, they have made significant new advances in
their research.

Not the least important is the educational benefit of the studies. Since 1983
over 170 scientists and engineers from all walks of life have participated as
panelists in the studies. As result of their experiences, many have changed
their viewpoints on the significance and originality of foreign research. Some
have also developed lasting relationships and ongoing exchanges of
information with their foreign hosts as a result of their participation in these
studies.
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EXECUTIVE SUMMARY

The World Technology Evaluation Center (WTEC) panel on Research Submersibles
and Undersea Technologies was formed to review the state of the art in this broad
field within the countries of the former Soviet Union (FSU), particularly Russia and
Ukraine, and in selected Western European countries. The panel visited leading
companies, academic research programs, and government laboratories in Finland,
France, Russia, Ukraine and the United Kingdom. Because of the large geographic
area and the breadth and technical complexity of the subject, the study could not
be comprehensive. However, by carefully selecting the sites to be visited -- based
upon the substantial prior knowledge of many committee members - it was possible
to acquire a meaningful evaluation. The end of the Cold War and the resulting
efforts to commercialize some military techriclogy, plus the increased utilization of
sophisticated equipment in the exploration for and production of oil and gas in the
North Sea, had led the sponsors of this study to the belief that a review of subsea
technology in this geographical area would be productive. This was verified by the
panel’s findings. - ' :

Because much less was known a priori about the technologies in Russia and the
'Ukraine, there were more new findings in those countries than in the Western
European nations visited. Some general conclusions will be drawn based upon the
‘panel’s overall experiences, and these will be followed by more specific conclusions
in each of the study’s subject areas. S '

There is a pronounced emphasis in the United Kingdom on the development of
advanced sensors and affordable autonomous and remotely operated vehicles.
These vehicles are being developed for use in both the research community and the
‘offshore industry. S

Research and development is being conducted in the United Kingdom and in France
on developing very great endurance (hundreds of kilometers to full ocean width) for
autonomous vehicles. o '

Europe is making substantial progress in cooperative and coordinated research in
subsea technology, including the development of standards. No such cooperative
research and development is underway in the United States, which may have a
significant impact on future competitiveness. -

The economic stimulus for subsea technology development in Western Europe
appears to be largely to support fisheries management and offshore oil and gas
production.
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WTEC Panel on Research Submersibles and Undersea Technologies - xv
SPECIFIC CONCLUSIONS

Deep ocean submersibles, such as the Mirs (Russia) and Nautile (France), continue
to be effective platforms for undersea work and research because of their extensive
sensor, instrumentation, and manipulative capability. Some scientists consider the
Mir submersibles, built by Rauma in Finland, to be the best equipped and most
capable research tools for deep sea (6,000 m) research. o

Although Russia and Ukraine have developed limited remote sensing capability for
ocean studies using Lidar and acoustic Doppler current profilers, these designs are
not unique and are within the current international state of practice. .

The countries of the FSU are marketing oceanographic instruments (such as
conductivity, temperature, and depth, or CTDs, and current meters). Their data
quality is unknown, and intercalibrations should be conducted to determine
measurement capabilities. . Other factors, such as reliability, maintainability, and
service must also be addressed. Prices are currently quite lo , but this may be a
short-term situation that will eventually change to correlate more closely to Western
prices.

Several European countries outside of the FSU are actively developing research-type
remotely operated vehicles (ROVs) and autonomous underwater vehicles (AUVs).
The European Economic Community is supporting as major programs unmanned
platforms for undersea and oceanographic research using enhanced sensors and
samplers. This is in marked contrast to the United States, where there is no major
focused thrust for developing scientific AUVs.

Energy, Hydrodynamics, and Propulsion

impressed with the variety of sources being used, or designed for use, in underwater
vehicles. The spectrum of systems in use in the FSU range from small, simplified
nuclear reactors to conventional lead-acid batteries (used in the numerous manned
submersibles in the FSU). In Euro » the panel found fuel cells, semi-fuel cells,
Rankine Cycle engines, Sterling Cycle engines, and hydrazine gas generators all
presently at sea onboard various vehicle platforms. , o

In Russia, the most impressive _directions were nuclear power systems (first
developed for military submarines) and fuel cells (first developed for the space
program). While the fuel cells were of conventional design, several had been built
and many hours had been logged in spaceflight conditions.
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The WTEC group was surprised by the variety and number of manned submersibles
built in the FSU, in operation now, and planned for the future. Several visited
activities, mostly those that have been either involved in manned submersibles or
military submarines in the past, now have tourist submarine plans on their drawing
boards. (Computer-aided design is essentially unavailable.)

The existing manned submersibles are fundamental, low cost, uncomplicated,
reliable, tested, and available. 'Ocean researchers are enthusiastic users who are
quite satisfied with the capabilities of-these tools. The ability to use and fabricate
titanium in undersea vehicles in Russia and Ukraine is advanced. The acceptability
of Russian Registry Certification by Western insurance companies needs to be
examined carefully before contracting for use of manned submersibles built in the
FSU. :

Academically, industrially and operationally, the existing manned submersible base
in Russia and Ukraine is truly impressive and has great potential. :

Unmamned Submersibles

Great Britain and France. Slingsby Engineering Ltd. (SEL), located north of London,
is the major large ROV supplier in Great Britain. The company’s only competition
is Perry Tritech, a Florida-based company owned by a French company (Coflexip)
and Intemational Submarine Engineering (ISE) of Port Coquitlan, B.C., Canada. SEL
identifies the customer needs and designs the hardware accordingly, as is the case
with its MRVROV. Where needed, SEL continues to improve the components. SEL
will remain a small organization because the customer market is small and because
more user/service companies are fabricating their own special purpose ROVs.

The Mobil-FSSL project is a typical example of a major oil company starting with a
large working ROV (the SEL, MRV) and adding specialty tools to undertake major
underwater tasks. This trend will continue.

Great Britain has a respectable position in scientific unmanned systems. The
Deacon Laboratory Autosub project is very ambitious but must wait at least five more
years to see final results. The Marconi ODAS vehicle, based on torpedo technology,
could have a major impact on the scientific community because of its low cost.

The observed trend is for universities to take a narrower view of technology
development because of funding constraints. Also there is a cooperative culture for
technology development, not just within Great Britain, but withini the European
Community. A prime example of this is the European Commnity Marine Science
and Technology (MAST) research programs. A new MAST program aimed at
furthering autonomous underwater vehicles is the Advanced Research for Unmanned
Antonomous Underwater Vehicles. ‘The contributors to this program are Deacon
Laboratory and DRA from Great Britain, IFREMER, ECA, and INRIA from France, the
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undertaken in an environment with limited computer hardware capability. This
limitation has most probably been the reason for the direction of software
development there. The emphasis has been on efficient algorithms and highly

capable microprogramming.

Maturity of Applications. There have been many apphcauom of technology that are
both interesting and novel. It must be understood, however, that the actual maturity
of those applications is not clear. Many of the technological concepts discussed
were in their conceptual stages only. With limited financial resources, it is unclear
just how many of those applications will come to fruition.

Infrastructure. The changes in the FSU have had a strong impact on the technology

infrastructure. Communications among various groups is unclear. Also, the method

for moving from concept to final prototype was controlled very completely in the

past, and the resources needed to accomplish a development effort were planned

and in place. It seems that this is no longer the case and it will be a while before
such an infrastructure evolves in this new environment.

Several factors affecting technology development in Russia and Ukraine were
apparent during the visits and discussions. Although not necessarily related to
technology development, the following factors are among those that are xmportant
to the process used to develop technology:

Publishing in professional journals

Acquiring better computer hardware - -

Establishing better communication channels

Better understanding of how to do business with the West
Better understanding of technology outside of the FSU

00O0O00O0O

There were applications of acoustic technology that were both exciting to consider
and important to advancing the state of the art in this field. Due to limited time, it
was not possible to truly understand the technical accomplishments of the
technologists, yet their ideas were intriguing and their concepts novel. More should
be done to fully understand many of these efforts. .

As mentioned previously, one of the questions that constantly surfaced was how far
specific applications had been taken. It was not clear at-times whether a concept
being discussed had yet moved to hardware or prototype development stages,
whether it had been evaluated in a real world setting, or whether it had already
become available as a product. ;

Sometimes it was also unclear what the futu:e held for specific applications that
were discussed. With limited resources and a very dynamic environment, the future
of an idea is uncertain. Many of the applications discussed could well be moved
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objectives in ocean research. Good work is also in progreas toward development
of ROVs for the offshore oil industry.

The orqénizaﬁons uwolvpd in UV development and manne mseamh are well
equipped for research, engineering, and overall system integration. The computer
equipment and test facilities are modern and as capable as any in the United States.

Former Soviet Union. Labor and materials are still cheap in Russia and Ukraine, and
the availabjlity of micro-electronics is limited. This has led in the past to an
emphasis on manned UVs rather than unmanned units.. Manmed UVs are easier to
integrate and maintain, and use low-cost labor to good effect. This trend will
probably continue into the near future, until the industrial sector begins to mature
and costs drive it toward unmanned systems. In the West, the high cost of labor and
the risk of litigation and insurance penalties have driven scientists toward unmanned
solutions. However, the same cost of labor has made sophistication and high
technology expensive. The United States has improved performance and minimized
man-dependency, but in some cases has violated the basic rules: ‘keep it simple"
and "sufficient is good enough." The United States is too often enamored of the
whiz-bang solution rather than the simplest one. SR :

Fundamental science in Russia and Ukraine is impressive and based on sound
theory. Due to lack of computational capabilities, there has been a focus on
empirical validation rather than in-depth analysis. This will continue during the
process of economic, political, and defense conversion.

FSU scientists and engineers have been very creative in applied research, and have
many accomplishments that equal or exceed those of the West. Some examples
include manned submersibles, acoustic tomography, nonacoustic ASW, high-speed
underwater projectiles, and materials development for the marine environment.

Engineering in Russia and Ukraine is generally behind that of the West in
sophistication, but not necessarily in results. Some engineering and integration
achievements there include the following:

o Numerous and very good research test facilities

o Short development spans based on a theory of build it, field it, and then
improve it

o Avoidance of the analysis paralysis that slows progress in the West

o Lack of preoccupation with aesthetics; systems are built stout to last and
simple for easy maintenance
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CHAPTER 1

INTRODUCTION AND OVERVIEW OF
RESEARCH SUBMERSIBLES AND UNDERSEA TECHNOLOGIES
IN RussiA, URRAINE, AND WESTERN EUROPE

Richard J. Seymour

SCOPE OF THE STUDY

The initial meeting of the World 'I'echmlogy Evaluation Center (WTEC) panel on
Research Submersibles and Undersea Technologies was held at the National
Science Foundation (NSF) in Washington, D.C. on November 19, 1982. Paul Herer
and Norman Caplan of NSF, a principal sponsor of the study, presented their
agency’s interests in nonmilitary submersibles and subsea technology. The
participants formulated the general plan for the study, generated an initial list of
target sites to visit, and established the dates and basic itinerary. This plan was
refined in a series of conference calls over the next several months. Subsequent
consultation with the Advanced Research Projects Agency (ARPR), the other major
sponsor of this study, led to further refinement of the scope.

At the first meeting, the subject areas selecﬁed for investigation were: sensors and
instrumentation; control, automation, and communication; hydrodynamics, power, and
propulsion; manned systems, unmanned systems, and applications of acoustics; and
systems engineering and integration. Each subject area was assigned to one panel
member, who was responsible for documenting the panel’s findings in this report
with respect to that area. The panel’s. conclusions in the executive summary follow
this breakdown, as do the subsequent chapters.
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drastically narrowing the technical and geographical scope, there really was no
solution to this problem. ,

Another limitation arose from the amount of time devoted to tours of laboratories and
facilities at the expense of discussion time. On occasion, panelists saw unique and
impressive facilities during these tours. For the most part, however, the tours were
highly repetitive and relatively unproductive.

Language barriers were an obvious restraint to communication in most host
countries. Language differences also limited the technical depth that could be
reached. Translated written materials, good technical translators (there was
simultaneous translation on one occasion in Ukraine!), and salid advance field work
lessened the impact of the language barrier, but it remained a significant restraint,
particularly in the former Soviet Union (FSU).

The effects of defense conversion activities were evident at most of the sites the
panel visited, but most markedly in Russia and Ukraine. New companies or trade
groups in these countries, lacking previous experience in or close ties to free market
activities, appeared to have difficulty deciding on appropriate civil applications for
their extensive defense technology. The panel-observed, for example, a surprisingly
large number of agencies in Russia designing or proposing tourist submarines in
competition with each other for a world market that is already close to saturation.
In addition to defense conversion, Russian and Ukrainian scientific institutions are
attempting to convert to commercial objectives, including the development of marine
resources and improvement of environmental conditions. There appeared to be very
little planned activity at many institutions. It appears that many valuable assets,
human and physical, may be in danger of being lost because of the severity of the
economic problems.

One of the interesting problems that arose from some of the visits in Russia and
Ukraine occurred because of the hosts’ decisions to disclose information and
technology that had been declassified only very recently. Many of the panel
members are aware of complementary work in the United States that remains
classified. However, Russia and Ukraine possess impressive, and in some cases
unique, facilities for physical testing. These facilities are underutilized and offer
opportunities for Western nations.

Researchers in Russia and Ukraine have extremely limited computing facilities
compared to Western engineers in this field. As a result, Russian and Ukrainian
researchers have taken a strong theoretical or analytical approach to most problems,
which appears to have been very valuable. It has resulted in an ability to write
extremely efficient computer code to facilitate numerical analyses and signal
processing on limited computer platforms. Given the ready availability of large
platforms in the West and the greater difficulties in maintaining tightly coded
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CHAPTER 2

SENSORS AND INSTRUMENTATION

Klgis N. Kalvaitis

INTRODUCTION

Underwater vehicles and sensor systems are essential to conducting research and
working in the ocean. Over the past several decades, the use of these vehicles, both
manned and unmanned, has increased dramatically to conduct significant work
associated with offshore oil development, defense activities, salvage, and undersea
research.

One of the major goals of this study is to identify and assess European research and
development and technology in manned, teleoperated, and autonomous vehicles and
associated systems. This chapter focuses on sensors, measurements, and sampling
capability using these vehicles. Instrumentation used for ocean studies as well as
remote sensing capability will also be discussed.

DATA COLLECTION COSTS AND JUSTIFICATIONS

The collection of marine and oceanographic related data is costly; however, these
measurements and observations are necessary for various user sectors on a
worldwide basis. These include data on the ocean floor, coastal seas, living
resources, health of the oceans, shipping, defense, and climate. Obtaining ocean
data often involves using large ships whose operational costs range from $10,000 to
$560,000 per day. Because of these costs, it is imperative that the data collection
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- Table 2.1
Time and Space Sampling from Data Xoquisition Platforms
-(Modified from Dickey)

| At fixed depths:
10 m - 1008 m
<lm-]00sm

+ Few meters
upper 100 m

<lm-100em

=+ Few meters
upper 10s m

- Upper few melers
' (opt. atten. depth)

Upper few meters
(opt. atten. depth)

Viihbleovermnge
lm-86,000m

To 7,800 m
To 6,300 m

Stographs were made and nearly 1,300 kg
(3,000 1bs) of carefully selected geological samples were collected by Alvin and two
French submersibles. In addition, water samples were collected and a data logger
was developed to automatically re¢ord depth, altitude, heading, and time (Karahl

submersibles, consisting of the Cyana, Nautile, and Mir submiersibles, will be
described in the following section. Other Russian and Ukrainian submersibles are
discussed in other chapters.




rocks, a rock corer, a vacuum sampler, a tracer injector, and miscellaneous cutting

tools (Michel et al. 1989).

capable research tool for deep-sea research (Johnson 1983).




Neil Brown CTD
DO Sensor
High-Temp Sensor (Up to 400°C)
8-Axis Current Velocity
3-Axis Magnetometer

pH Sensor

Sound Speed
Radioactivity Probe
Two 7-Function Manipulators
Water Sampler, Niskin

REMOTELY OPERATED VEHICLES

Generally speaking, most of the remotely cperated vehicles available in Europe and
the former Soviet Union (FSU) are work vehicles for the offshore industry. These are
discussed in detail in Chapter 8 of this ‘repart. However, there were several
specialty ROVs that have been designed or ate being developed for séientific and
unique applications. These include the Intershelf Fish-103series of ROVs, developed
for assessment of the environmental effects from the sunken Komsomolets nuclear
submarine. These compact ROVs have been used to make observations and
measurements using a tether management system on the Mir submersibles.

In addition to the 6,000 m and 3,000 m submersibles, [FREMER is developing a
6,000 m ROV that is scheduled for sea trials in 19958. This $7 million project
(manpower costs excluded) will incorporate scientific requirements, including
sensors and instrumentation from undersea researchers. This ROV will utilize a fiber
optic umbilical and a 300 m tether with three tool packages, including biological,
geological, and ocean sensor configurations. These tool packages will be
interchangeable with the scientific ROVs operated by the Monterey Bay Research
Institute (MBARI), Monterey, California, allowing broader accessibility to the world
undersea science community.
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Environmental design considerations include minimum air temperature, thermal
shock, icing, fouling, low temperature sealing integrity, and corrosion. To withstand
Arctic operations, circuit designs are rated to -40°C operational and -85°C storage.
Sensors and filters are’ hxghly stabie. and are designed for cold temperatures and
thermal shocks.

AUVs are being developed by the Insﬁtuw‘of Oeeanographic Sciences’ Deacon
Laboratory (IOSDL) as part of the Autosub project of the United Kingdom'’s National
Environment Research Council (NERC). Deacon Laboratory is leading this project.
The Autosub project will involve the development of three AUVs (Babb 1993). The
first is the Demonstrator Test Vehicle, which will be a full ocean depth (6,000 m)
demonstration and learning AUV. Additional long-term concepts under consideration
include DOLPHIN (Deep Ocean Long Path Hydrographic Instrument), a 6,000 m
depth capable AUV that would follow a vertically undulating path taking
oceanographic measurements in the water column and a range target of 7,000 km,
surfacing every 30 km to fix its position by global positioning satellite (GPS) and
transmit its data. Another AUV concept is DOGGIE (Deep Ocean Geological and
Geophysical Instrumented Explorer), which would be used for geological survey
using acoustic imaging sensors of the seabed.

Development of the DOLPHIN AUV during the next decade represents an ideal
technique for automatic wide-area hydrographic data collection in the deep oceans
and under ice. By conducting comprehensive surveys across ocean basins,
DOLPHIN would complement surface cbservations using satellites, buoys at fixed
locations, and other measurement platforms. -DOLPHIN is designed to provide a set
of measurements with sufficient accuracy and resolution (water density resolved to
10 that when assimilated, along with other data, into four-dimensional models,
would permit computation of global transport of heat and moisture by the oceans,
a critical factor in global change.

DOGGIE would be a geologic survey vehicle that could provide highly detailed
maps using acoustic imaging sensors of the seabed for a total track length of 1,000
km in a 80 kam x 70 km rectangle. Specific study sites would include hydrothermal
vent fields associated with ore deposits near midocean ridges. Because it is
designed as a multisensor vehicle, DOGGIE catries side scan sonars, a subbottom
profiler, a magnetometer, and chemical sensors. This AUV is therefore capable of
providing a wealth of data on geophyswal and geological properties of particular
sites.

In addition to its activities under the UK.'s Autosub project, IOSDL is also leading
an EC Marine Science and Technology (MAST II) program with six other European
partners (including IFREMER). -This has the title “Advanced Systems Research for
Unmanned Autonomous Underwater Vehicles" and is focussed on generic
subsystems research. This is almost certainly the same program referred to during
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version has capabilities comparable to a commercially available ADCP (e.g., RD
Instruments, Inc.).

Table 24
Institute of Applied Physics
Acoustic Doppler Current Profiler Specifications

j Operating Frequency 220 kHz _
| Beam Description | 3 beams, 30° off vertical in 120° j
% o increments
Velocity Range : - | x3 m/sec ,
: %10 m/sec (shipboard version)
| Current Profiling Depth 200mto 300 m
| Depth Cell Length - |4,816m
| One-Pulse Measuring Eror | 10, 6, 2.6 crysec
‘ Averaging Interval for 1 cm/sec 2 minutes
| Accuracy ‘
| Bias | <0.28% of mean velocity
Number of Depth Cells =~~~ | up to 100
»Operating Pressure s 10 atmospheres

A broadband version of the ADCP with enhanced capabilities was developed two
years ago by the same compariy. The broadband design implements advanced
signal processing technology known as pulse-to-pulse coherent sonar. On receipt
of the broadband signal, it is amplified and digitized. This design provides a four-
fold resolution increase, an order of magnitude faster updates, shallower operating
depths, and highly accurate Doppler velocity log capabilities when compared to the
narrowband ADCP version (Spain and Gordon 1992).

OCEANOGRAPHIC SENSORS AND INSTRUMENTATION

The following section describes various-eceanographic sensors and instrumentation
developed by Ukrainian and Russian institutes. Most of the instruments described
were developed at the Marine Hydrophysical Institute (MHI), Ukrainian Academy of
Sciences, in Sevastopol, Ukraine. :The other major source of oceanographic
instrumentation in the FSU is the Institute of Oceanology, Russian Academy of
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Muchofﬁwmmmﬁondnvelepedhx&msiaand%akwhuhadquesﬁomble
data quality, and the accuragy and. reliability has not ‘been on a level with
comparable Western ocean sensors (Dugan and -Jendro 1893). Numerous
cooperative intercalibration experiments, both in the laboratory and the field, have
revealed measurement anomalies outside the reported accuracy bounds of the
sensors. It is unclear if this can be attributed to instrument quality, calibration
procedures, laboratory standards, or routine maintenance. Data of known quality is
an important product from intetnational global experiments.

MISCELLANEOUS MEASUREMENT CAPABILFTY

The sinking of the Komsomolets submarine off Norway in 1989 resulted in several
in-situ investigations of the submarine and surrounding area by Russian research
institutions and scientists. In order to effectively carry out these studies (see Table
2.8), equipment, instrumentation, and-sensors have been developed by Russia’s
Central Design Bureau for Marine Engineering (RUBIN) to enable researchers to
assess the contamination effects from: the nuclear reactor and nuclear missiles. For
example, two small ROVs were developed by Intershelf for deployment from the Mir
submersibles to allow closer inspection of the submarine. These neutrally buoyant
ROVs have a depth capability of 6,000 m, two TV cameras, and a radiometer.

Komsomolets Submarine Investigations

| Sank 4-7-89 in Norwegian Sea in 1,700 m water
| Nuclear Reactorijla i!‘a:arpecloes :

§ Three Expeditions t6 Date. o
- Completed 12 submergible dives, 120 hours
- Towed camera and AUV surveys

Obtained 200 sediment and soil samples
Developed gamnia spectrometers

Used submersible deployed ROVs
Obtained 2,000 measarements

Because of absorption of alpha’ and beta emissions by almost -any intervening
material (seawater, hull, etc.), ‘radistion measurements from seabed sources or
sunken vehicles is almost exclusivélymoiiitored by the use of gamma spectrometry.
In response to the Komsomolets submarine'’s sinking on April 7, 1989, the Russian
Research Center’s Kurchatov Institute developed several versions of a gamma
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deep sea (S,GDO m) research.

Although Russia and Ukraine have: developed limited remote sensing capability for
ocean studies using Lidar and acoustic Dopplét current profilers, these designs are
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conducted to determine measurement capabilities. Other factors, such as price,
reliability, and maintainability, must also be addressed.

Research-type ROVs and AUVs are being actively developed by several European
countries outside of the FSU. Unmanned platforms for undersea and oceanographic
research using enhanced sensors and samplers are being supported as major
programs by the EEC. This is in marked contrast to the United States, where there
is no major focused thrust for developing scientific AUVs.
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CHAPTER 3

ENERGY, PROPULSION, AND HYDRODYNAMICS

Don Waish

INTRODUCTION

The countries of the former Soviet Union collectively have the world’s largest nuclear
submarine force, both in absolute numbers and diversity of designs. With the end
of the Cold War and the dissolution of the USSR, this capability represents an
enormous technology base for underwater applications.

Understandably, until less than two years ago, these were considered sensitive
technical areas that were discussed with few Soviet citizens and were not discussed
-at all with foreign visitors. Now, with a solid and urgent commitment to defense
conversion prevalent in Russia and Ukraine, the WTEC team was shown a great
many applications for nuclear power sources reactors but few technical details. The
same was true for other power systems, hydrodynamics and propulsion systems.

Time was extremely limited at each stop on the frip, a matter mentioned as often by
the hosts as by the WI'EC team members. Therefore it is not clear whether the lack
of technical details was due to insufficient time or a residual reluctance to reveal
details of former military research work. ‘What is clear is that the team members
have all received invitations to visit most of the sites again, and for longer time
periods.

It was not appreciated until recently that there had been a wide variety and number
of manned deep submersible vehicles (DSV) designed and built in the former Soviet
Union. Prior to the dissolution of the Soviet Union it was believed that no more than
a handful of relatively simple submersibles had been built. It appeared that the most

BREGEDING PAGE BLANK NOT FNEN
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mDWl.swhuwMBMmMﬁﬁamﬁmmm were
procured from the West. Now it appears that between 30 and 40 Soviet-designed
DSVs have either been buflt or are in the process of construction. From the
information supplied to WTEC teams, the energy systems used in these sources are
fairly conventional storage batteries. Again. time limitations prevented a more in-
depth review of DSV energy sources. . =

hshoﬂ,muchmomwu&emmdﬂunh&dhenuﬁebmmﬁmplmmg
hnol ' mdwmpmeniblu has supported

s

3t to the WTEC

was some expenment&ﬁon on au'-mdependont pmpu!sien (AIP) energy sources.

In the following section on energy and power systems, several Russian nuclear
reactor concepts are discussed. Clearly, most of this work has come from
submarine programs. Mamalsoduerbﬁmsandspecﬁc&ﬂomform
types of fuel cells, as well as primary and seconéiary battery systems. “The
spocxﬂcahomamshmhhhlasforchﬁty Hm&memnotcomplete

Perhapsthemostuseﬁﬂbaelhu siflostion - : awlsehlpowand
emrgysourcesmitsemrgvdmsityintemofmhmpermwofmm
(Wh/hg) mmmmmummmm But giving Wivkg

, --Therefore, Tﬁh 3.

'I‘hesaeondmneﬁenafﬁehapmh" rdrodynainics.
developmentpmgrmitwueﬁdantﬁmﬂetmmeuchmkwudomon
high speed vehicles (ie., submarines and weapons with speeds up to 78 kt).
However, ttmdoumtlﬂtmuehmvdﬂnﬁrmudsm
remotely operated vehicies or most XUV .desigme. For ‘duration mission AUVs
(up to 30 days is farecast), the skin drag red ' :
shmto&wmmcmbempommwhnmmrgyeﬁcmncyand
canservation are prime concerns for the designer.




Don Walsh - 23
Table 3.1

| Nicad Battery
| Sodium-Sulfur

powered equipment.

The emphasis in the following sections will be on developments in Russia and the

ine.  European developments ‘that are discussed generally represent
technologies that are readily available in the open literature. In the case of Russia
and Ukraine, almost everything the WTEC teams saw was new. '

hmany--ﬂmtmostuviiiutb!iuuiumndmaai:ﬁmomamnﬁom,dwdegme of
technical information provided to the WTEC team tended to be superficial. This was
mostly due to time limitations and a general lack of printed materials. This lack of

technical detail should not be an exctise for not at least citing developments of

interest at places visited, even though “the information is more anecdotal than
technical. Further, the mention of a development at a specific location can help
provide a roadmap for others who wish to follow up on this information.
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16 kWe electrical and 200 W of heat
| 8 m high x 88 m diameter
{10012t .

10 years
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1970
1972
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Ga:mm‘mll last about twelve ya' a:s :

kWeﬂmtmplaystlnsmmealemnts
None of this type has been built. Table 3.3 gives Helena's speciﬁcauons
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Table 8.3
Helena Nuclear-Thermoelectric Power Source

Output ~ | 100 kWe electric and 3,000 KW of heat energy
Maximum Operating Depth | 6,000 m

Weight 200t

Size height 13 m x diameter 4.6 m

Design Life 28 years

Lazurit/KurchatovROSSHE’LF]othmmm. La:urit is one of three organizauons in
Russia that does military submarine and submersible designs for the navy. Their
defense conversion efforts are focused on development of a wide variety of non-
military undersea vehicles, submarines and seafloor structures. None have been

built yet.

ROSSHELF is a newly created company proposing to build a seafloor-based oil and

gas production complex (maximum operating depth of 800 m) involving the design
and technical cooperation of several Russian organizations.: The Lazurit Central
Design Bureau is proposing to design and engineer the seaflodt structures while
RRC Kurchatov would be responsible - !o! designing the two muclear reactors
(turboelectric conversion) that will powerthe complex. There is a c&ntmmng, close
tie between these two organizations.

Each of the two reactors will be rated for 6,000 kW. They will be highly automated,
requiring only one supervising operator. These power sources will be located in the
ROSSHELF Control and Power Unit (CPU), which will be in the form of two
cylindrical pressure hulls. Reactor design life is estimated to be 30 years with major
refit (refueling) being done every 10 years.

Existing design and fabrication technologies for pressure hulls and propulsion
developed for the Soviet Navy nuclear submarine program will be used throughout
the ROSSHELF complex. This may includn%he operating team for the reactors.

However, this is not stralght defense conversion. Design, construction, and
operation of a virtually unattended, seafloor-mounted, underwater nuclear power
reactor of this size is most certainly a major new development program. To date,
no one has developed a seaﬂoor-sited nuclear power plant.
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However, Krylov has been responsible for the design of several deep submersibles.
Krylov also has the natibnal responsibility for develaping recommendations for
classification rules for the design, construction, and maintenance of all Russian
manned submersibles. Therefore, with this degree of experience, there is reason to
believe that the institute also has contributed to the development of power systems
for submersibles. '

Fuel Cells

Energia Space Corporation -(Moacow).. Energia is a key institute for manned
spaceflight vehicles and large payload rockets. The institute also has developed
Russia’s version of the space shuttle Buran.

Energia has developed a hydrogen-oxygen (H,-O,) fuel cell (designated by Energia
as an “electrochemical generator" or "EG"), called "Foton" (Photon) for its space
shuttle, which carries four of these cells. Energia says that its unit is similar to
NASA'’s fuel cell in the U.S. Space Shuttle. Energia has manufactured 100 Photon
EGs since 1987. In test programs and on actual missions, these cells have
accumulated a total of 80,000 hours of operational experience. Table 3.4 gives the
parameters for Photon.

“Table 8.4
Energla Photon Fusl Call for Space Applications

| | 1 to 16 kW
| Voltage 27 to 3¢ VDC
| Energy Density 780 to 1,000 Wh/kg
[ Lite 10,000 hours
| Efficiency 66 to 70%
I Weight 160 kg (empty)

Byproduct Distilled water

Based on the Photon development program, ENERGIA now offers two modified
versions for undersea applications. The first is a hydrogen-oxygen power unit fuel
cell and the second is a hydrogen-oxygen electrical battery (HOBU). Both are
based on the Photon developments. Tables 3.5 and 3.6 provide the general
specifications for these units. :



' prototype units mthinlBtoSyaan onoeanorderhasbaaﬁ;aednd.
1

Mabohupmpoudsedthstwouldma&mhe&sﬁdmdmgu
u&n:ucuntl Hm&mﬂdhh&%ﬂb&*hﬂ»ﬁcﬁmmm

submatinas with the Mm Tntershelf JP. Kcmyﬂmmy JP. Kenny .is
considering using Energia’s fiiel cell (or HOBU battery) to pawer it.
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Lazurit Central Design Bureau (Nizhny Novgorod). About five years ago, Lasurit
designed a conversion of an older diesel-electric submarine to H,-O, propulsion.
Some features of this installation were:

o Liquefied gases were carried in large external tanks topside.
o Weight compensation was achieved by removing most of the storage

batteries.

o Sea testing ended in 1991 (panelists were shown a video of some of these
tests). '

o Lazurit said that the submarine’s submerged endurance increased five to ten
times.

The submarine has been taken out of service and scrapped in the Ukraine.

State Nautical University (St. Petersbmy) The university has developed a water-
activated, semi-fuel cell, magnesium-water energy system, which has a 200 Wh/kg
energy density. These units have been built and tested in various sizes. No
additional specifications were provided to the WTEC team. The panel believes this
design might be similar to the Alupower (United States) alumimnn-oxygen semi-fuel
cells (see section below).

Marcom/Alupowar (United Kingdom/Umted States). Alupower Inc. (Warren, New
Jersey), part of the Aluminum Company of Canada, has developed an aluminum-air
(oxygen) semi-fuel cell. The battery uses very pure (99.999 percent) aluminum
plates, potassium hydroxide as the electrolyte, and air (oxygen) as the reactant
materials.

Compared to other types of bathenes. this energy source is of long duration and
therefore of particular interest to developezs of AUVs where extended mission times
are desired. An Alupower energy. system, AUV XP-21, by Advanced Remote
Technologies in San Diego, California, is presently being sea tested in the United

States. To conform to the shape of the AUV, the cell stacks are 21 inches in
diameter.

Installation in Marconi’s ODAS will gteaﬂy reduce space required for the battery
system and thus will provide more mission payload space. At the same time this unit
will significantly increase mission time. QDAS will use half an XP-21 cell. Table 3.7
provides the specifications for the aluminum-air battery.

Batteries
State Nautical University (St Potersburg) The university has designed and tested

a full pressure compensation system for large numbers of alkaline cells. Compliant
battery cases and oil-filled cables are used to isolate seawater from the system. It
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These cells have been used for several hundred dives onboard the Mirs and have
been thoroughly field tested. The Shirshov Institute has reported that the cells have

been very reliable and that their capagity has permitted mission times up to 18 hours
with a generous power reserve remaining. Table 3.9 gives the specifications for this

battery, which are commercial units offered for sale by Rauma Oceanics.

_6.005m

| Voltage : ' | 1.2 V (Voltage of each cell) to
o 120 VYDC ‘ '
| Life 1,000+ charge/discharge cycles

Energy Density | 40 Wiykg (28 for lead-acid)
| Optimum Operating Temperature { 86C

Other

Bauman Institute of Underwater Devices and Robotics (Moscow). Bauman is part
of Moscow State Technical University, the oldest institute in Russia. Primarily an
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Table 3.10
Saga Sterling Engines

Number of Engines 2
| Power Output : 78 kW each
Recoverable Heat from Engines 28 kW each

- Helium

Diesel cil + O, (carried as LOX)
| 8o00-c

31%

DCN AIP For Military Submarines (Toulon). The French Naval Arsenal at Toulon
(DCN) has an active project to develop and test an air independent propulsion (AIP)
system for military submarines. Discussions have been held with IFREMER to use
Saga as a test bed for the Navy's experimental AIP system.

Rauma Oceanics (Finland). Rauma has developed and tested a hydrazine hydrate
gas energy source. The original intent was to provide 200 kWh of power for a
proposed 6,000 m research submersible, the Akademik. These hydrazine gas
generators could also be used for emergency ballast blowing at depths greater than
6,000 m.

This was a joint Rauma Repola (now Rauma Oceanics) - USSR development that
began in 1985, although the first suggestion to use hydrazine came from Canada in
the late 1870s. The USSR side was the P.P. Shirshov Institute of Oceanology, which
set specifications and funded the submersible development.

By the time the construction contract was let, the companies had decided to build
two 6,000 m submersibles that would be called Mir (ie., "peace™) I'and . The
Shirshov Institute also made a conservative design decision, and storage batteries,
providing 100 kWh, were used by Rauma Oceanics. The submersibles were
delivered by Rauma in 1987. -

As part of the original construction contract, Rauma was to develop a prototype
hydrazine power unit. It was built in the early 1990s and successfully tested at sea
in 1993. Table 3.11 gives its specifications. The next generation unit (RDP-100)
increased power output to 50 kW with an increase in total system weight to 950 kg.
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projects have included work on the control of boundary layers on submersible
vehicles through suction, injection of liquid (water-soluble polymers), and elastic
(compliant) coatings. University researchers have also developed a design concept
that optimizes hydrodynamic hull-propeller interaction to reduce drag and increase
propulsive efficiency.

The university has extensive hydrodynamic test facilities that are described in
Chapter 7 of this report. A review of the characteristics of the facilities available will
provide some indications of the types of hydrodynamic programs in progress at the
university. In addition to the test facilities; the university has extensive programs in
computer-aided mathematical modeling of various hydrodynamic problems.

Krylov Shipbuilding Research Institute (St. Petersburg). This is Russia's principal
shipbuilding research institute. The WTEC team was told that this organization, the
most comprehensive of the hydrodynamics research organizations visited by the
WTEC teams, characterizes itself as the ecuivalent of the U.S. Navy’s David Taylor
Naval Research and Development Center in Carderock, Maryland. One of the seven
divisions is Hydro and Air Mechanics, which does both design and testing in these
fields. ' :

Ukraine

Institute of Hydromechanics. This institute, which is under the Department of
Mechanics of the Ukrainian Academy of Sciences, has a total staff of 300 persons,
1580 of whom are research personnel. The types of hydrodynamics work can be
seen by examining the titles of the institute’s 12 departments:

Hydrodynamic Acoustics

Vortex Motions :

Hydrobionics and Boundary Layer Control
Free Boundary Flows - R
Hydrothermal Processes Modeling
Hydrodynamic Processes Control
Technical Hydromechanics

Applied Hydrodynamics - .
Hydrodynamics of Wave Processes
Hydrodynamics of Hydraulic-Engineering Structures
Dynamics of Elastic Systerms

Stratified Flows

00000000 00O00O0

Current areas of investigation related to the hydrodynamics of undersea vehicles are:

o Boundary layer control through methods such as compliant surfaces, polymer
injection, and Coanda Effect ducts
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x ] cm in diameter. The institute’s theoretical work shows that Mach 2
velocities may be attainable.

While both developments are remarkable from a hydrodynamics point of view, there
seems to be little potenaalmMoﬁtome &oignofdgepsubmemibles
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Deacon Laboratory of the National Environmental Research Council. The general,
preliminary outline design for the Autosub project was done by Vickers Shipbuilding
and Engineering, Ltd. However, the hydrodynamics research on optimum vehicle
shapes is being done throughtl'ioDspartmentofMechamalEngmeermgatﬂ'le
University of Surrey. The hydrodynamics wotk began in 1980.

Hundedgnwotkhucomenwedmamaﬁowmmzhepropeuer
integrated into the body shape as much as poesible to reduce drag-inducing
interaction with the hull. Wind tunnel tests were initially used to test various low
drag shapes.

Amajorunhlmatﬂnhpdmhﬂne&ctofunda:mocemmm
parﬁculatenum:h;monthepeﬂommof&elmdmm Deacon
L&onbwhacon&sﬂéme&lwukﬁmﬁoh&iwdugpemceofﬁw
hull shapes, and to better understand ocean txbulence and particulates effects on
it. Full scale shapes have been released for buoyant ascent from water deptlu as
great as 1,000 m.
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PROPULSION SYSTEMS
Russia

As might be expected, most thruster and propeller work is being done by the same
institutions that do hydrodynamics of hulls and underwater shapes.

Bauman Institute of Underwater Devices and Robotics (Moscow). Four areas of
propulsion work were discussed with WTEC team members:

o Electrohydraulic drive systems and associated controls

o Electric drive systems that use brushless motors

o Magnus effect propulsion, which has been used on a towed system at a depth
of 2,000 m

o Adoptive propulsion, using totally regulatable hydraulic motors that select
operating parameters to maximize propulsive efficiency

Because the visit was brief, there was not time to get into much technical detail with
regard to these propulsion research projects.

RRC Kurchatov (Moscow). The Kurchatov Research Center has teamed with the
Institute for High Temperatures and the Institute of Power Engineering to develop
a magneto-hydrodynamic (MHD) propulsion system. Cryogenically pumped
superconducting magnets create an extremely powerful magnetic field that can
create water (acting as an electrical conductor) movement through an enclosed tube
or tunnel, resulting in a propulsive force with no moving parts (propellers, jetpumps,
etc.). While such a system would not be feasible for a submersible, the
attractiveness for submarines is obvious.

operating in a laboratoty.: The Russians have said that at least three more years of
effort will be required to have a system ready for testing at sea. The most advanced
MHD operational system in the world is in the Japanese experimental vessel Yamato.
The power level of the Russian prototype is said to be twice that of the unit in the
Yamato.

Krylov Institute (St Petersburg). As a -major naval architecture and marine
engineering institute, Krylov has the capability and facilities to design and test
conventional propellers. However, it is not known if any of this work has been for
deep submersibles. The WTEC team was not informed about any specific research
and development work being done in this area.



G

38 Energy, Propulsion and Hydrodynamics

State Nautical Engineering University (St. Petersburg). As noted in the previous
discussion on hydrodynamics, this institution has several projects concerned with

propulsion. Some of these are:
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, : . ducted propellssautidar urits for underwater
vehﬁ:lesaxﬁhmeﬂensmrh\q and studies of various duct systems
ﬁoimwoneﬂciowy

oo

titute of sechanios (Kisv). The instinits has Geviloped 1 '
proplﬂdonmﬁemﬂntis being tested at sea on slarge scale  model. Rwﬂ\at
ﬁneoncaptbehk\dﬂnmmhtomoduceammhmochmicalmdogoiﬁsh
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shaft seals. Ashghroﬁﬁonvnnionofﬂusmotorhkmﬁledontheh&momaw
AUV. ,

‘l'he contra rotating propellers are under design development. Preliminary estimates
indicate a diameter of 0.8 m for a 1.8 revolutions per second rotational blade speed.

SUMMARY AND CONCLUSIONS
mmbmdﬁnﬁmm&mammmwm. Mostotthe

technologies presented to the team were conventional. However, one must keep in
mind the fact that an extremely time-limited and busy visit schedule permitted very
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little in-depth discussions with the hosts. What was impressive was the numbers of
units either built or desngned-. ,

Another problem in attnbuting developments to specxﬁc organizations was the
question of whether the organizations were simply systems integrators or had
technologies transferred to them for other reasons. Thus if an institute claimed to
be using a certain type of energy system, it was not always clear whether the system
was that organization’s original development. This is the kind of detail that suraly
would have emerged if more time had been available at the sites.

A wide variety of energy and power systems were shown to the WTEC team. Most
of this work was not state of the art.  The WTEC-team was shown or made aware
of 30 to 40 manned submersible/submarine concepts or actual hardware. In almost
every case, conventional batteries were the chosen energy source. This is also
validated by the fact that none of the team members was briefed on any details of
battery developments - )

With respect to nuclear power sources, the s:tuation was somewhat different. Team
members were briefed on reactor applications from 48,000 kW to 6 kWe, and
actually saw the 6 kWe thermoelectric unit in operation. Among the unique,
seriously proposed applications were a large (6,000 kW) unattended seafloor system
(ROSSHELF) and a small simple unit built for a research submarine (Ocean Shuttle).
In addition, a 18,000 kW reactor ha been proposed for the service and maintenance
submarine for the ROSSHELF complex. All of this design activity for nuclear reactors
is not surprising considering the extensive numbers and varieties of nuclear
submarines that were developed for the Soviet Navy. Defense conversion is now
bringing much of all this knowledge into the civil sector.

Fuel cell development in the countries visited did not show significant advancements
over the state of the art. Energia seems to have acquired numerous hours on units
developed for the space program. This base of experience could help the company
develop cost-effective, reliable units for commercial applications.

Hydrodynamics

The most interesting visit in this technical area was to the Hydromechanics Institute
at Kiev, Ukraine. The institute’s work in developing and testing high-speed
projectiles in water is very advanced. However, it does not have much application
to deep submersibles. It is difficult to see how movement of a body at speeds of
Mach 1 would have a commercial application.
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In the United Kingdom, ics work for the Autosub project is important for
gotthghullshapesforlom-dmﬁenmhnonwlﬂdu. m&wm
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CHAPTER 4
MANNED SUBMERSIBLES

Brad Mooney

INTRODUCTION

A highlight of the assessment of undersea technology in Russia, Ukraine, and
Western Europe was in the area oimned submersibles. .Not only did numerous
manned submersibles exist in the former Soviet Union {FSU), but vision was
exhibited there in planhing for future use ‘of this technology, mcludmg tourist
submarines. The impression gained from observations in the United Kingdom was
that, except for submarine rescue, manried submersible use in the United Kingdom
in support of offshore oil has been replaced by use of remotely operated vehicles.
In France, IFREMER continues to support the concept of placing a man in a
submersible for work, science, and exploration purposes. The Nautile serves the
French well in this regard. A sketch of Nautile systems and sensor suite is shown
in Figure 4.1. Technical specifications are displayed in Tables 4.1 and 4.2.

Of the 28 projects visited in Russia and Ukraine, 11 are involved in the design,
fabrication (e.g., of components and sensors), and operation of manned
submersibles. The eight organizations with projects most closely related to manned
submersibles at this time are discussed in this chapter.
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Figure 4.1. 6,000 m Diving Submersible (Courtesy IFREMER)
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Table 4.1
Technical Specifications of 6,000 m: Diving Submersible Nautile

MAIN CHARACTERISTICS

| Depth Rating 6,000 m
Weight in Atr 188¢ -
Dimensions: :
Length ’ , : 800 m
Width 270 m
Height 348m_
Payload ' 300 kg

| Manned Sphere

| Crew Men 3
Inside Diameter 210 m
Sphere Material Titanium Alloy

Viewports | Number 3

| Diameter ' 120 mm

| Pitch and Trim Control Mercury Pump +120

i‘ Usual Mission Hours 13

| Safety Hours 130

| Gripping Am (B) | Arms SR 2

Man.‘lpnla tor (7) Amms T

[ Power Systen” Pb Battery - © - 80 kWh
Main Propulsion Axial Motor 1

| Auxiliary \ Vertical Thrusters 2
Propulsion Lateral Thrusters (forward) 1

| High Speed | nots 28

Nautical Miles 8
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recovery system. Additionally, Kharax will provide operators, operations support,
maintenance, logistics, and planning support for the submersible system.

A center for underwater tourism (CAT) is another concept that Kharax isrj exploring.
CAT is basically a large ship with observation rooms that accommodate 40 people,
an underwater restaurant and diving facilities on the lower level.

Kharax provides technical equipment for a variety of subsea expeditions. One of the
first efforts for this new enterprise was the expedition to look for the lost Korean 747
airliner.

Eiylov (St. Petersburg)

The Krylov Shipbuilding Research Institute 4.the principal shipbuilding research
institute in Russia. It originally worked 4nly for the Navy, but presently is focused
on all disciplines of ship science.. This facility performs research similar to that of

the David Taylor Naval Research and Development Center in Carderock, Maryland.

The facilities for structural, pressure, and temperature testing at Krylov are extensive.
Those related to manned submersibles include: a 1.4 km linear tow tank; a 3.2 m
diameter pressure test tank that is 9.8 m deep, and capable of testing to 1,000
atmospheres; and a 1.8 m diameter pressure test tank that is 5.5 m deep, capable
of testing to 1,600 atmospheres.

The engineers at Krylov displayed a 2.4 m diameter titanium sphere, certified for a
4,000 m depth by the Russian registry, for $1 million. Figure 4.2 is a picture of this
sphere at Krylov. In addition, it has been reported that Krylov has been testing a
composite (including glass reinforced plastic and acrylic plastic) hulls for use in
tourist submarines. According to Malachite, this technology originated at the
"Prometey Institute." : o

Lazurit (Nizhny Novgorod)
The Lazurit Central Design Bumu is aaeoﬁ}\m design bureaus in the FSU that

designed military submarines, 'l‘heoméx e Malachite and RUBIN, both in St.
; 5 ers ting in Russia, 24 were designed

4.3 and'4.0); ﬁlagmnsétdrgﬁnguf@anomer
six to eight models were displayed along a conference rooni wall. The only one
recognizable by the visiting WIEC team was the Poseidon deep submergence
rescue vehicle. This is similar to the U.S. Navy's deép submergence rescue vehicles
(DSRVs). Four Poseidons are in service. - ,

Of Manned 38 and tourist submarines were
on display at Lazurit (see Figures 4,3 and 4. ' ;
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Figure 4.4. CBD Director Evasha (right) with Touriet Submarine Models

As part of the Russian policy of defense conversion, Lazurit is trying to
commercialize its capabilities. The bureau’s focus is on an array of small research
and work submersibles, and on tourist submarines utilizing various undersea
technologies that are the expertise of Lagurit, The designs range from a one-person
recreational submersible to a 130,000 ton nuclear-powered submarine container ship
capable of carrying 1,000 standard 20-foot containers. Between these two ends of
the spectrum are several proposed manned undersea vehicles of various sizes and
capabilites. @ BRI T R I SR

Cuimently there appears to be cona&rableintetest in the United} States for a
nuclear-powered oceanegraphic research submarine for use primarily in the Arctic.
Lazurit proposes a built-for-this-purpose submarine named Ocean Shuttle.

Of the six to eight tourist submarines proposed by Lazurit, the one that has
generated the most interest was a glass-hylled submarine. The term "glass" was
originally described to the WTEC team as "composite organic and silicon glass,"
material reportedly developed in cooperation with Krylov.

The innovative concept of a submarine lifeboat, to be used as an escape mechanism
from a properly designed; offshore oil platform, was discussed. Personnel could
escape from an endangered platform down through the inside of a hollow platform
leg to the submarine, which would be mated to the leg.
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In addition, Malachite proposes to. design a submersible oil tanker that could
transport oil under Arctic ice from North America to Asia. The bureau is also
interested in designing various types of tourist submarines. The North 2, a 2,000 m
submarine, was designed by Malachite. The status of North 2 was not determined
during the whirlwind visit to Malachite. Literature for several undersea vehicle
projects proposed by Malachite are listed in the Bibliography section of the
Malachite site report (Appendix B).

RUBIN (St. Petersburg)

The Central Design Bureau for Marine Engineering (RUBIN) specializes in
submarines and other underwater technologies. Several years ago, RUBIN was a
secret institute that could not be mentioned openly. The Typhoon, Oscar, and
Komsomoclets submarines were designed there. Because of recent conversion
efforts, approximately 40 percent of the work is presently defense related, with major
thrusts in the past several years concentrating on hlgh-speed train development,
nonmilitary submarines, and tourist submersibles.

The bureau designed and built Neptun, the only Russian tourist submersible now in
service, which began operations in 1993 at the island of Antigua in the Caribbean.

Mariecoprom (Sevastopol)

The Mariecoprom Scientific Indust!ial A!nochtion. located in Sevastopol, is the
operating arm of the Ukrainian Academy of Science. It operates ten submersibles
and nine support ships, most of which are coriverted fishirg vessels varying in size
from 1,200 tons to 4,000 tons.. These vessels conduct oceanographic and
geophysical research worldwide. The current undersea ititerests of Mariecoprom
are centered in the Ukrainian pottions of the Black Sea. - Maﬁecoprom does not
operate unmanned vehicles. The staff at the association strongly believe that the
best science is accomplished in situ by knowledgeable and trained scientists. The
submersibles operated by Mariecoprom vary in size ahd capability from the very
large twelve-person Benthos-300 to the . small, towed, three-person Tetis-H.
Mariecoprom is able to providoqmli!edéapemg crews at very low daily rates.
Mariecoprom does not conduct rosoarch and developmenit directly, but operates
and maintains support ships and subme forﬁthakdanmmmentandits
Academy of Science institutes. - (The tubmemible .support ships operated by
Mariecoprom are described in Giaptar 1) The submersibles operated by
Marlécoprom are: Sever-3 Sever-8 Bis, Benthos-300, Omar, Langust, Tinro-3,
Tetis-H, and Rif. (See Figures45throuqh410 andTables 4.3 through 4.14.)




Figure 4.8. Submersible Sevar-2
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Table 4.4

| The submersibles are intended for use wherever there is need of underwater
| technical and research operations, such as:

1. Support for the construction, control, and technical servicing of
underwater pipelines, cable routes, and hydrotechnical structures.
Search, detection, marking on the ground, and support for the recovery of
sunken objects. .

Data acquisition and mapping of bottom landscapes in seas and oceans.
Search for underwater deposits and participation in their exploitation.
Support for emergency-rescue operations.

Underwater teleshooting, filming, and photography.

Search and recording of fishery objects, and prediction and estimation of
their stock.

Studies of hydrobiont behavior and distribution as affected by
environmental factors. ,

] 9. Sampling of water, soil, and benthos when submerged.

] 10. Additional research and underwater activities.

| The submersibles are designed and their units arranged to provide a dramatic |
| view of diameter of a bow portion of the outboard space, through 3 portholes |
| 140 mm in diameter and 4 portholes 60 mm in diameter in the presence of

| outboard lamps of permanent and pulse glow. The submersibles are

| equipped with a system of automatic and manual control. Their system for

| life-support is reliable. The emergency-rescue devices are adjusted. The

| electrical radio-navigation equipment offers a.stable two-way communication
| with these submersibles, with the support vessel ensuring search missions and ;
navigation safety of the submersibles. They are also equipped with

| electrohydraulic manipulators made of titasium alloy with 7 degrees of
freedom and a kit of renewable , These features enhance the
| effective utilization of the submersibles. -,

The submersible is able to embark (bothi i -and outside the pressure hull) |
[ some additional technical and scientific mént weighing up to 500 kg. |
| Sufficient quantities of spare multicoré in nits #hd hydraulic pipe connections
| allow one to include this equipment in the electric network and hydrosystem
of the submersible. Ceren il

| The vessels Odissey and Ikhtiandr, operatedby the research and production
vessels for the submersibles Sever-2 |

0

® Nomew

| association Mariecoprom, are the suppott vess
and SOVBI' '2 BI:S. ooOmEETT
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Figurs 4.6. Submersible Tinro-2
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Table 4.6

The apparatus is designed to accomplish several undersea technical and
| research activities, notably:

. Visual observation of the construction and monitoring of the state of
underwater pipelines, cable routes, and various hydrotechnical structures.

. Search, recoding, and recovery of objects not exceeding 300 kg.

. Visual inspection of supposed sites of deposits of mineral resources, with
the ability to take specimens from the surface of the sea floor.

. Visual control of emetgency-rescue operation with sunken floating aids. i

. Search and recoding of fishery objects, studies of the hydrobiont behavior, |
and distribution as affected by environmental factors.

. Underwater teleshooting, filming, and photography.

| The apparatus can be equipped with more instruments and gear, which will
increase the technical range of the apparatus implementation. The reserve

| cable lead-ins can be used to do this (technical capabilities of the apparatus

| permit the embarking of an additional 200 kg). As a result, the following

| operations will be possible:

| - sampling of soail, water, and benthos, when submerged;
| - data acquisition and mapping of bottom landscapes on the shelf and
continental slope

| The submersible operates from a support vessel equipped with a special
launching-lifting assembly that has a 15 t load-lifting capacity, as well as from

| floating cranes or other floating facilities of suitable dmplacement satisfying

| the requirements of standard support vessel.

| The apparatus is capable of horizontal and vertical maneuvering within a
water column, smoothly varying its posmon at a givan distance from the
| ground until coming to a-position of reat,

Viewing of the overboard field is effected throuqi't 6 ponholes, 140 mm in
| diameter in the bow portion of the hull, and § portholes, 60 mm in diameter.

| The submersible has simple and reliable equipment for underwater orientation |
| and an up-to-date electric radio-navigation syswm that enables continuous |
communication with a support vessel. .

The submersible possesses an elecn-ohydmuuc mutlpulator with 7 degrees of |
| freedom.




Figure 4.7. Submersible Benthos-300
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Table 4.8
Benthos-300 (Nos. 1 & 3) Opsrational Capabilities

Long-term observations of underwater objects under both stationary and dynamic
| 2. Control over the construction and technical state of underwater pipelines, cable routes,

and other hydrotechnical structures.

1 3. Sumh.dhcamy.andmrldnqontheoroundotsunkanobjects.uweﬂumwﬂhq
for their recovery.

4. Dataacquﬂbnandmppmgofseanomhndscapesontheaheuwhenerecunq
appropriate facilities,

8. Lblu-dhhgopuaﬂomenmrhgdlvenentuhqmdgohgoutdawntoadapthdwm
(-] Support to accomplish emergency and rescue operations.

7. Submarine teleshooting, filming, and photography.

8. Various research and other submarine activities.
9.
10

Seamhandmcordhqofﬂsheryohjecb,andprédictbnandes&mtbnoﬂhehstock
Studies of hydrobiont behavior and distribution as affected by some environmental

‘ factors.

1 11. Sanmlhqofwater.maoi“chthyohmindphnktonwhenaubmerged (provided that
1 the required equipment is installed), and initial processing of samples on board.

| 12. Fixation of hydrological parameters of the environment (salinity, temperature, etc.) of the
‘ ground using the on-board electronic computer. 1

mehbaamwmmmhmedmdmncewhhashnuhaneouscapabﬂnyof

: mhhhhgmemmbmrd(hémﬂ%bw-bathedc&bhw).wﬁevbwhgof
outboard space through 12 portholes, 190 mm fn diameter, and 15 portholes, 140 mm in
dhmeter.mmepruencednmmupowgqgwmnuofbmhcomtmtandpuhe :
] glow, an own-water system with a decompression chamber that makes it possible for divers to !
| g0 out and enter down to a depth of 60 m, a rliable Ms-support system for the crew and
‘ e3, and an electric radio-navigation system

that enables steady two-way communication w
problems, and providee navigational safety. It & also possible to load the laboratory with

‘ Onecansubshnthﬂyhcmuopemtbmlcapjhﬂhudmehbommybyhmmmm
| equipment, that is: = -

| - to apply the laboratory as a unique underwater device capable of lifting from the sea

floor loads of up to 100 tons, subsequently transporting them under the bottom of the

| laboratory to shallow water. =~ .. o :

| - o perfom operations of the EPRON type: -underwater electric welding and cutting, and |

| hydraulic washout of the grttnd using'a Jiit Wih & biessure of 8 kg/cm® with a water jet |
efficlency of 40 m¥hr. o ,

- touse a tourist version of the laboratory aid participate in underwater filming.
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D.t-ctionlnd-ﬂmntbnd&nﬂlhstocklntlumtorcoluumongivpn‘mbnmunwcdd's
M-mumingcomrolmﬂiﬂnngguroﬂlhmgm |
UMtummmmm.mmmMMdmmmmm
Undumtammondomdvovldoohbmudontouwnumortommburdmo |
support vessel.

mwbhmhuﬂdhdmmdmmﬂnw:mmmum
hydrostatic regime, depending on the task. :

? mm:iblphunlﬁnphmdnﬁonnddgnmdoommlwm It is miniature and reliable. Its
| lddlﬁmduhtyhdmtopod}tygmbuomcy(mﬂnmdwlm.

“ camera with a flash, mmam‘wwhmwwsmm:maoo ‘
| mm in diameter, and 3 portholes that are 140 mm in diameter. 1

| bammmMmemmpmmummdmmmmm
aoad-clnyhgcapldty4-8t).;,wlmwhlchmdlow0bm-nmbmrd.

Table 4.11

, |94t
| Overall Length 1866m
| Breadth | ~ |284m
Depth : : 38 m

Maximum Submerged Speed 2.1 kt
| Active Submerged Worktime o " 6 hr
| Passive Submerged 72 hr

Accumulator
battery

Diving Depth to 540 m
Crew (1 pilot and 2 operators/observers) 3 persons

“ Power Supply
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Figure 4.9. Submersible Langust

| Dry Weight

| Overall Length

42m

| Breadth

18m

Depth

2m

Operating Depth

to 85 m

1 Crew (1 Pilot and
| 1 Operator/Observer) |

2 persons

Maximum Submerge_d Speed |

2.8 kt

| Active Submerged Worktime

4 hr

Passive Submerged Period |

12 hr

| Power Supply

Accumulator

battery
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Table 4.14
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Figure 4.10. Submersible Rif

PP. mmamw

The P.P. Shirshov Inshtuto is part of the Russian Academy of Science. Divisions of
Shirshov are in St. Petersburg, Kaliningrad (Baltic Base), Ghelendzhik (Black Sea
Base), and Moscow' (hea&u&ners) The:ins o operates ten research ships. Six
are oceanographic mearch ships and two submersible support ships. Shirshov
has six submaersibles. - Twcﬂﬁrcmsmlhulled. 6,000 m depth capable
submersibles were built in Finland by Rauma-Ripola Corporation. Two Pisces class
2,000 m depth capable submersibles were built in Canada by HYCO Ltd. The Argus
600 m depth capable submersible operates primarily in the Black Sea. Osmotr, with
a 300 m depth capability, is located in Ghelendzhik on the Black Sea and is for sale.

wmmao«mwwm)

The Bureau of Oceanological Engineering is a spin-off of the P.P. Shirshov Institute.
The people who now direct this bureau designed and built the Argus 600 and




Osmotr when they were part of Shirshov. This bureau now is building two Rift class
4,000 m submersibles that are 85 percent complete. The institute, which is seeking
ﬁmmmw«;mhudmnqmwnmmmm has also

6/500 and TS 20/100, wmch 'cost s&eoooo’
Table 4.16.) '

Figure 4.11. Ri# Submersible (1)
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Table 4.18
(Two Being Built Simultaneously)

4 km

Displacement 7 1Bt
Crew (1 Pilot, 1 Copilot, and 1 Scientist) 3 persons
| Dive Time 10t0 12 hr
: 8 to 6 bottom time
{ Material: mhmmmmondtommt« Titanium
Im

| Length

| Payload at 4,000 m

80 kg

Figure 4.12. Rift Submersible (2)
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The optimistic view of the tourist submarine market at most design and fabrication
activities as well as in operating groups needs to be questioned and resolved by
conducting a thorough market analysis.

Greater computing capabilities and the introduction of such tools as computer aided
design will enhance undersea vehicle efforts in the FSU. The horizons of scientists
and engineers there have been limited and their perspectives conditioned by lack
of computing tools.

The manned submersible potential in Russia and Ukraine is large. Academically,
industrially, and operationally, the existing base is impressive. Opportunities for joint
ventures are numerous.
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CHAPTER 8

UNMANNED SYSTEMS

Claude P. Brancart

m'monucnon

The purpose of the site visits was to quantify and evaluate the research submarines
and undersea technologies in Western Europe, Russia, and Ukraine. The diversity
of these regions was so great, especially when considering the needs, attitudes, and
levels of technological commercialization, that it seemed unwise to review the status
of unmanned systems with all entities in a single group. Therefore, this chapter has
been divided into two sections: Great Britain and France, and Russia and Ukraine.

Unmanned systems include any hardware that is self-powered and operated
autonomously (AUVs); self or surface powered, and operated with man-in-the-loop
(ROVs); or towed through the water. Systems considered include free swimming
vehicles and bottom crawler (tracked or wheeled) vehicles. Table 8.1 gives the
major parameters for each system that will be considered in this chapter.

The motivating force for the development of unmanned systems must be considered.
Since development of commercial systems is driven by the profit motive, system
developers have a direct and immediate application to a commercial need. Scientific
unmanned systems are driven to acquire knowledge of the undersea environment
through the collection of data (chemical, geological, biological, and others) as a
function of position and time. Therefore, in this chapter, unmanned systems have
been segregated into commercial and scientific categories where possible.

[PRECEDING PAGE BLANK NOT FILWED



Table 8.1
Major Parameters To Be Considared

Weight (dry/wet)
Energy Source

Size and Weight (dry/wet)
Sensors
Others

Next, the present position of this technology relative to the rest of the market place
and the prevailing trends of the facilities visited are evaluated. Finally, an attempt
is made to compare present position and trends to those of their U.S. counterparts.

The views presented are based on two- totlme-hmrvhﬁtocomnerc:aland
scientific facilities in Western Burope, Russia, and Ukraine. There are many other
fadﬁﬁesmﬁuemgiombuttheﬁndmgspresenﬁedshouldappmmateﬂwsmof
ﬁwptevaﬂingaehndoqy .

Motivation

mmmmmumdmmommu A '
mhMS«&,M&;ﬁaWM Gensoqumﬁywmd
: nts -$0-assist the offshore ol business. Of a
mmmmmmmdmdmmnmmhmms
mmmmmmwmtamumwm
of the worid - to acquire information. The water colimn is always of intecest, but
one area may be more interested in subsea geclogical or seismic information; while
another may seek information on the fisheries potential.

The major producer of working ROVs in Great Britain is Slingsby Engineering Ltd.
(SEL). This small company of 80 people, located in the English countryside between
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London and Newcastle, has cornered a major portion of the large ROV business.
Other ROV-producing companies in the UK. are no longer in business.

SEL has been in operation since the 1970s. During the earlier years the company
designed and fabricated the Submarine Escape and Rescue Vehicles (LRE); the one-
atmosphere JIM suit, a carbon-fiber-skin diving suit rated for 1,800 ft operating depth;
and Scarab IIT vehicles with water jet systems for cable burial, bottom crawlers with
trenching capabilities, and other heavy duty work systems for ocean use. SEL has
also undertaken special design studies, for example, the 10K DOLPHIN project, a
10,000 m ROV system for Japan.

SEL now concentrates on large ROVs. The company first started with the Trojan
series, which was redesigned to become the Multi-Role Vehicle (MRV). The market
for these vehicles is small. Thirteen Trojans were built, but the last one remains
unsold because the first MRV made its debut. Presently SEL is working on MRV
number §. The basic parameters of these two large ROVs are given in Table 6.2.

Table 82
Basic Parameters of Trofan and MRV ROVs

| Length 2m |
Width 1.6m |
Height . 1.6 m §

Weight/Air

1_.5 to22t |

‘ Performance

2.5 kt +

Power

28 to 48 KW

| Payload

180 kg + |

Operating Depth B 600t02.000m

There is a great deal of similarity between the two vehicle designs, but the basic
design philosophy is different. In 1990, SEL surveyed the market place and
concluded that the future for large ROVs was a multipurpose vehicle system that
would have the powey, sttucture, strength and integrity, and flexibility that other
ROVs did not have. The result was the MRV -- a basic core vehicle with the
capability of incorporating a variety of payload packages based on customer

I
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demand. mmmubm-blockappmachmmtham-eﬁecﬁn The Mobil- '

hﬂ&g mh, n\d ar dw

controls, video displays, and recordmg capabﬂxtiu An auﬂiary power generator
system is included. For the complete 600 m MRV system, including operator
training, the purchue pneoisﬂ,mooo or about $3wllion.

hey can dire o the ? o0 stmia 0. The Mobil-FSSL Diverless
Intervention Sysram is a prime enmple of this appromh.

requuamens ef &—fmm sytmm are to replace components,
i m ol ssa water, To achieve this
ROV th. mm and adds peripheral

goal, ﬁ\oenmpmystatbwﬁ_
companents (see Table 8.3). “Piess components have been or are being designed
by Mobil, SEL, and others. It is a multiyear program with defined milestones to
assunsy;iem:ehﬁnhtyandsueeess.

3 tacperatmq and mamhininq a subnicompletion

empiesmtcdk\ Table 8.4.

and Scorpion vehicles, uﬂm:ﬂnml Subma:lne M\aeﬂnq Ltd. (ISE), of Port
Moody, B.C., Canada, and its series of large ROVs -- Hysub, Hydra, and others.
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Table 8.3
Peripheral Components

The Skid Interface Module is the component that controls
1 the work modules and interfaces with the ROV.

| TIM The Tooling Intervention Module provides the capability
‘ for subsea completion tree valve operation, valve
greasing, and pressure testing.

HLM | The Heavy Lift Module is employed to install or retrieve
: control pods, choke inserts, or.tree caps. The unit can
position a 1,400 pound load. :

The Umbilical Pull-ln Module is to be used to install both
control umbilicals and small flowlines into subsea trees
and templates.
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autonomous, platforms deployed much closer to the sea floor. The DOGGIE vehicle
would cover the ocean bottom at 8 to 6 kt with 8 to 6 km side scan swaths with | m
resolution. The vehicle would also support subbottom profiler, magnetometer, and
chemical sensors. All data would be temporally and spatially recorded.

rThe Autosub program, begun m 1988, incorporates foﬁr phases over a ten-year
period, as shown in Table 8.8.

Four Phases of Autosub Project

Year 0 to 2 Conduct Subsystem
. Studies
- pressure hull
- buoyancy control
- propulsion
- hydrodynamics

Years 2 to 6 Vehicle Subsystem
| Development
Years 4 to 8 | Demonstration Test
SR ‘ Vehicle ‘
Year 6 onwards | DOLPHIN and DOGGIE
| Systems

Presently, the dual propulsion mgtors have been designed and tested under load at
full operating depth. A one-half scale of the laminar flow hull for DOLPHIN has been
built and tested in water depths to 1,000 m. The hull design is underway. Sea water
exhibits compression of 2.8 percent between the surface and a depth of 6,000 m.
Any material that is less compressible (steel exhibits 1/70 the compressibility of sea
water) must be compensated or counteracted to maintain.a neutrally buoyant system.
The search for proper materials, both metallic and nonmetallic, and structural design
is ongoing. Control logic for autonomous vehicle operations is being studied.
Autosub is at the halfway point, and the demonstration test wehicle is behind
schedule. The goals are ambitious, but the real issue is the availability of funds to

complete the program.

Heriot-Watt University is located in Edinburgh, Scotland. 'The university is greatly
influenced by the needs of the North Sea oil industries. In the 1970s, Heriot-Watt
developed the Angus class of ROVs. Angus-1 was the first deep operating (300+ m)
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Technical Experiments), a testbed ROV for validating hardware and concepts, has
been built and is operational.

Present Position. Relative to the Western world, the United Kingdom is equal to or
slightly behind in scientific unmanned systems, but only because of funding
constraints. The Autosub project is very ambitious; it will take five or more years to
see the results. However, with low-cost obstacle avoidance and navigation systems,
the inexpensive Marconi ODAS vahicle could be of great interest to the scientific
community.

Trends. Universities are taking a narrower view of technology development because
of funding constraints. Long-term projects like Autosub may survive. What is
interesting is the cooperative nature of technology development, not just within the
country, but within the European Community. A prime example is the European
Community Marine Science and Technology (MAST) research programs. Recently,
two new MAST programs have been initiated thh a goal of furthering autonomous
underwater vehicle technology, namely:

o Advanced Systems Research for Urmanned Autonomous
Underwater Vehicles and
o Autonomous Underwater Vehicle for Coastal Surveys.

The first project concentrates on géneric AUV technology in direct support of
individual major vehicle projects at the British and French national oceanographic
research institutes. The participants in this project include the Institute of Ocean
Sciences Deacon Laboratory, Defence Research Agency (DRA) from the United
Kingdom, IFREMER, Societe ECA, and Institut National de ‘Recherche en
Informatique et en Automatique (INRIA) from France, Nationa] Technical University
of Athens from Greece, and Instituto Hidrogréfico (IH) from Portugal. The second
project, DRA, is actually building a vehicle, MARIUS, ot' Marine Utility Vehicle
System, for coastal seabed and environmental surveys. The key participants in this
program are from Portugal, Detunark, and France.: The MARIUS vehicle is designed
for seabed inspections and environmental surveys in coastal water less than 600 m
deep. The vehicle is capable of hovering and retrieving bottom samples. The hull
has been completed and initial sea trials are expected off Portugal in late 1993. It
is planned to be fully operational in 1994.

Tho n'lajor point to bring forth is tho l:md toward intemanonal cooperation on major
projects. There may be something-to -leam from this mode of technology
development, especially in a tight money environment.
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The unmanned systems observed at the Russian and Ukrainian sites visited can be
broken down into the following categories:
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o Low-cost ROVs
o Deep ROVs

o AUVs

o Specialty ROVs
Low-Cost ROVs

These ROVs are the "eye-ball" types, a controllable platform with a video system that
is generally black and white. Examples of these are the Polus and Adeline ROVs
from the Institute of Hydromechanics (UAS),in Kiev, Ukraine. These are 100-pound
ROVs for 100 m water depths. The Fish-102 (36 pounds, 100 m water depth) from
Intershelf is very similar to the early Phantom ROVs from Deep Ocean Technology.
Based on this similarity, Intershelf has priced the unit at $14,000, and has been
negotiating with a Western distributor. These vehicles are probably 10 to 18 years
behind prevailing hardware designs.

Deep ROVs

One interesting trend was observed. ROVs operated either in shallow water, that is,
100 meters, or "full-ocean-depth," that is, 6,000 meters. An example of the deep
ROVs are the Uran vehicle from the Krylov Institute of Ship Research in
St. Petersburg. The Uran, built two years ago, is a large ROV with a smaller one
tethered to it. The Intershelf Fish-103 (100 pounds weight and 1 kW power) has an
operating depth of 6,000 m, but it must operate from a separate platform via a 30 m
tether. This ROV was used on the third expedition to the Komsomolets submarine
that sank in 1,700 m of water off Norway in 1988. Subsequent to the WTEC panel’s
visit, Fish 103 was used in three additional dives to Komsomolets during August of
1993, penetrating into the submarine’s first compartment, operating there for a total
of five hours and recording four hours of video. Fish-103has been priced at $50,000.

AUVs

The only AUV observed was the Scaros wehicle at the Bauman Institute of
Underwater Devices and Robotics in Moscow.  The vehicle is very similar in function
and size to the recently retired French Epaulard. The Scaros is 80 percent
complete, but was put on hold because of a lack of funds. Another AUV, the MT-88
from the Institute of Marine Technology Problems in Vladivostock, exists but was not
seen. This vehicle can operate to 6,000 m, has a range of 18 km, and is
approximately 3 feet in diameter, 12 feet long, and 2,000 pounds. The vehicle is
tracked acoustically and can be controlled from an acoustic command link. The
MT-88 conducted the first survey of the Komsomolets submarine.
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The first market for unmanned systems will be in the countries of the FSU, but the
prevailing economic situation there will have to become more stable and stronger.
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APPLICATIONS OF AOOUSTIC TECHNOLOGY

INTRODUCTION

This chapter explores the applications of various acoustic techniques that were
discussed during the trip. The WTEC team saw many systems and research
interests in the United Kingdom, France, and Russia. This discussion is not meant
to represent all such applications being undertaken in all of the countries
referenced. Many more are undoubtedly inderway. The applications mentioned,
however, do give a sense of the relative breadth and level of technology being
worked within each of those countries. This summary of activities is considered to
be a snapshot and suffers from limited technical depth and scope.

A set of objectives were established to help organize the information gathered during
the visits and, hopefully, guide the discussions. Although all of the objectives were
hot met, many insights and new knowledge of capabilities were gleaned from the
discussions. The objectives established to allow consideration of the applications
of acoustic technology were as follows:

Begin to document applications of acoustic technology
Assess the maturity of those applications

Relate those activities to similar ones in the United States
Identify unique concepts or applications

Ll S e
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General Physics Institute
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| Vartous Research

Marine Hydrophysical

Acoustic Current Meter

Institute
| Shirshov Institute " | Arrays, Xnducrs, Small Beacon
| Institute of Applied Physics , . ADCP, Arrays, Proceasing

NIIVK CPU Hdwr/Sftw, Applications

St. Petersburg State USB Tracking System
University

Oceanpribor - : Various Applications

Bureau of Oceanological : - Various Applications
Engineering :

Geoton Company Rt ' Selsmic Data Acquisition

INFRAD Company

| Herlot-Watt University
Tritech International
Reson

*  Marconi UDI was sold in August 1953, and is now known as Fugro-UDI Limited.
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roughness would then be detected by a cross-polarized radar. This concept has
boen tested from a low ﬂyingaircraft. _

mmmmm(uww)

The Andreev Acoustics Institute is a research institute and considers first principles
related to acoustic applications. Although the institute does not build systems, it
becomes involved in the testing and evaluation of systems after they have been
developed.

The institute focuses on basic research of sound propagation in the sea, although
it is now considering air acoustics as well as a number of other application areas.
The institute is involved with scientific research, not prototype development. It is
involved in five areas of acoustic research: (1) ocean, (2) oil and gas, (3) medical,
(4) ecological, and (8) air acoustics. This is a technical institute and, as such,
previously worked only on problems providsd by the user community. Recently it
has been given more freedom to choose its research directions, but has far less
support to accomplish that research.

The following nine acoustic' applications were mentioned, a few of which were
discussed in some technical depth:

Transponder system development
Bottom referenced positioning system
Bore hole reentry system

Sound vision system

Parametric sonar system

Pulsed acoustics for pollution monitoring
Matched field processing activities
Communications

Marine mammals research

.0 00000C0O0O0

Transponder System Development. The institute is interested in undersea
transponders with extended durations. Some work has been undertaken directed
at the development of transponders that would extend their endurance through the
use of a sleep mode. One year or more lifetime with wake up mode is expected.

The institute has been investigating the design of a multibeam receiver for obtaining
accurate range and bearing determination using transponders. Investigations
suggest bearing accuracies of 1°. The institute has not built these receivers, but has
completed the design investigations. -

Bottom Referenced Positioning System. ~‘This project uses bathymetric data to
monitor the movement of slow moving objects such as oil rigs. Andreev Institute
compared data acquired from a multibeam sonar with previous data to get motion
accuracy of =1 cm. The institute has a multibeam sonar of 100 1° beams.
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correspondingly higher data rates (e.g., 20 Hz +10 for ranges of 1,000 km to 2,000
km using a receiver with 18 bit resolution). With regard to bore head telemetry, the
institute wants to use its techniques for implementing a low data rate telemetry
system from the drill head to the surface without cables.

Marine Mammals Research. Andreev is researching dolphins’ and other marine
animals’ sonar capabilities, with an interest in understanding what can be applied to
sonar systems. Marine mammals such as the dolphin have a sonar system that is a
"whole" system, that is, the physiological characteristics of the animal as well as its
behavior are part of the entire sonar system. Much may be learned from this: it has
been said that 8 to 100 neurons can sometimes the equivalent processing
capability of a million computers. ' : :

The institute is investigating some basic issues associated with neural networks,
specifically, how a group of neurons with msec response times can be connected
80 that the group can detect msec variations. The research effort in this area is not

large.
Mﬂnﬁy&ophywm(&mpd)

Acoustic Current Meters - Special Instrumentation. The Marine Hydrophysical
Institute is principally focused on the study of physical oceanography. Scientists
there have a substantial design, development, and manufacturing capability to
support the development of instrumentation required for their activities. There is an
acoustics facility at Odessa, but there was not enough time for the team to visit it.

The institute has developed a number of acoustic current meters for its needs. It has
concentrated on acoustic current meters that measure velocity components at a
point rather than utilizing the range gated Doppler system concept. No other unique
applications of acoustic technology were reported; however, others may well exist.

Shirshov Institute (Moscow)

The Shirshov Institute is involved with the production of platform and instrumentation
systems needed to support its oceanographic ‘research. -Since there was limited
availability of Western equipment, the:institute’s scientists and engineers were forced
to develop their own instruments. While this activity was driven by necessity, it also
helped to stimulate the development of some unique devices. The applications
mentioned were: ‘ :

An AUV simulator with forward-looking and vertical sonar
Sonar information processing

Transducer elements for side scan sonar and acoustic imaging
Hydroacoustic beacon/transponder for divers/mammals

00O0O0
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o Geophysical towed arrays
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o Acoustic Doppler current profiler, 3 beams; 30° or 120°
o - Mobile linear array

Low Frequency Sources. One example of work on low frequency sources was the
testing of a compact electromagnetic monopole source in conjunction with the
Woods Hole Oceanographic Institute (published in WHOI-93-09). The titanium
source, developed at IAP RAS, has a mass of 123 kg-and a diameter of .54 m. The
system has a center frequency of 235 Hg, a bandwidth of about 80 Hz, an associated
pulse resolution of about 200 msec, and a sources level of 198 Db re luPaatlm,
with an efficiency of about 50 percent. This source is being considered for use in
monitoring the ocean to understand more about global coean processes and their
impact on the world’s climate. -

Mobile Linear Array. This 200 m Jong mobile linear array consists of 64
hydrophones spaced 3 m apart (300 m operating depth). The system is capable of
making very accurate acoustic spectnum measurements from 20 to 300 Hz. The
upper range can be extended to 2,000 Hz. Included with this system, which is
available for sale at $20,000, is signal processing software, which otherwise costs an
additional $12,500. : -

Acoustic Doppler Current Profiler. This instrument is a three-beam (30° beams
oriented 30° off vertical in 120° azimuthal increments), 230 kHz system for operation
in water depths to 400 m (200 to 300 m for current profiling, and 300 to 400 m for
ship velocity measurements). The._system is configured with an IBM/AT for
processing. It is believed to be superior to the RD Instruments system.

Scientific Ressarch Institute of Computer Complexes (NIVE)

NIIVK was represented as the institute responsible for designing computer hardware
and systems software. In accomplishing this task, NIIVK scientists developed
algorithms for sonar systems.. Much &f this‘Work was originally classified (and some
still remains 80) but is now unclassified. Efforts-are underway to commercialize
several acoustic applications that have evolved from the work at NIIVK The
following describes some of those concepts. g

Fish Monitoring Sonar System. This system is designed for low-tonnage vessels
fishing in any open ocean areas. It is;aimed at detecting pelagic and bottom fish
shoals to determine their location while the vessel is operating at full speed in seas
up to sea state 4. The system'is uséd in low-tonnage vessels for fish objects
detection (fish, crustaceans, mollusks) . in active and/or passive (on receivin
bioacoustic signals) sonar mode. .- . . . ,

The unique feature of the sysl:em;is itsruswe in a passive sonar mode, which assists
in the detection and classification of living resources on or in the bottom layer, which
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This parametric sonar system has a transmitting array of 0.2 m# in the angular sector.
A parallel-sequential spatial view is obtained by the system.

mwm mwmmm

Range

0.1 to 2 km

View Sector
‘ in azimuth
in elevation

+48°
+18°

| Distance Resolution

lo2m

Angular Resolution

1° to 3°

Antenna Square

0.2 to 0.6 m*

Equipment Volume

02t0 0.6m

| Submergence Depth

up to-500 m

| Power Consumption

0.8 kW

The receiving array (0.6 m?) receives a noise and valid signal mixture. The
amplified, filtered, and digitized signals are sent to-the computing facilities. Signal

processing includes the following:

Matched filtration

Primary signal classification -
. Data preparation for displaying
Processing results arching

0000O0OO0OO

Multibeam forming in the spectral region
Reverberation noise suppression :

Signal detection and signal parameters measurement

The processing results are displayed. An operator analyzes the image and, taking
into account primary classification data, identifies the object under observation.

Design specifications of this system are available. The main design concepts have
been analyzed, simulated, and: tested in natural - conditions, and the array
breadboarding has been accomplished. | Proposals for cooperation with foreign

participants are being sought.
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Multiship-Fish Monitoring Sonar System. This compact system is designed for fish
shoals search and classifioation in the: shelf zone-and in the open ocean. General

system specifications are given in Table 6.3.
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Angles of arrival in the vertical and horizontal planes

Time delays between beams

Correlation factors between beams '

Spatial intervals of beams coherence in the vemcal and
horizontal planes

Time intervals of beams coherence

Bottom and surface reflection factors

o The ocean noise spectrum and spatial charactensucs

000O

(o B o)

General system speclﬂcauom are qben in Table 6.4.

The antenna, installed at the tranamitting ship,’ transmits a pseudorandom signal.
The array at the receiving ship can be placed in the vertical or horizontal position.
It receives a noise and valid signal mixture. Amplified, filtered, and digitized signals
are sent to the computing facilities. The computer evaluates the beam structure
parameters of sea acoustic fields. The use of special algorithms provides beam
super resolution. Computer system software includes beam structure evaluation of
acoustic fields and the comparison of theoretical and experimental results.

In order to make measuromens more accurate, the receiving array is automatically
calibrated at regular intervals. Processing results are displayed and loaded into a
database. This measurement method has been experimentally verified in the Atlantic
Ocean. Proposals for cooperation are being sought.

Table 6.4
General System Specifioations — Beam Structure Parameters -

Antenna Length = .. |3m
Frequency Band o : 1 to 6 kHz
| Number of Resolution Beam Clusters | up to 16

! Number of Resolution Beams in a upto3
Cluster

AnqleoiAmvaleumment - | 1 to 3 minutes
| Accuracy ,

Time Delay Measurement Accuracy | 10 sec

Focusing Factors Measuremant 8%
| Accuracy
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Ocsanpribor’s Transponders, Antennae and Systems
Transpondec 8 - 50 kils 290hrs - 120 days;, | 1,000-6,000m | family of
‘ o Sy transponders
Transponder 14 - 16.8 kHx int, lo&-ﬁ-lwdlya; 6,000 m various reply
‘ 8 - 13,8 kHz res. Syrs strategies
Transponder 278-1228kHzint. | 2yre - 3yrs 1,000 m i
: 208/38 kHs res.
| Transponder 21.88 - 26.46 kHx 2y 1,000 m
1 fixed freq. int.
27.17 - 32.47 kHs
fixed freq. res.
| Transponder $8.8 or 39.5 kHz 2 yrs 1,000 m
fixed freq. int.
37.8 kHs
‘ fixed freq. int.
| Transcetver array | 10 - 20 kHz Xmit 30, 48, 90 deg.
7 - 14 kHz Rowr bsams
| Transceiver ammay | 70 kis unlimited 0.78 deg. beams |
"cosec” ?
Transceiver array 80 kHsz 6,000 m 3.8 deg. beams
‘cosec”
| Transceiver array | 400 kHs unlimited 1 deg. sactor
Transmitting array | 14 - 20 kHz 1800 m 7 deg. beam
3-7kis 9-28 min. beam
1 (prototype)
i Hydrophones various 100 - 1800 m
Multipurpose 80 kHz 6,000 m 1.8, 18, 30 deg.
scanning sonar
Hydroacoustic 30 - 40 kHz 10,000 hrs 380 m range 2,000 m
telsphons )
communication
| systems 82 - 88 kHs 10 hrs leom range 280 m
| Digital Multibeam channel 3,000; 800 bi/s
§ communication
system over range up to
| hydroacoustic 18 km
channel
| Ship positioning 7 - 12 kHz int. 30-800m 12 km range (or
system 28 or 38 kHs reply 80 - 6000 m more)
Sonar Doppler log | 288 kHs 6000 m 4 x 3.8 deg.
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patents. for acoustic devices. He discussed xtha design of sparker, boomer,
electrodynamic, and hydraulic-type emitters. - Finally, he discussed the
characteristics of a patented cylindrical emitter, created especmlly for use m seismic
operations. Bl

The problem of more durable electrodes in the sparker device has been sclved by
encapsulating them in a special liquid in which the high powered electric discharge
takes place. The power in a single pulse from this large device, which is 1.2 m by
.6 m and weighs 300 kg, is 8 kJ, which is hydraulically transmitted through the
encapsulation to the surrounding sea. The operational depth of the device is up to
200 m.

High Powered Boomer-Type Induction Pulsing Emitter. A high powered boomer-
type induction pulsing emitter with a tunable frequency response was described.
The device was tunable to provide maximum amplitude in the low frequencies -- 50
to 700 Hz. It was claimed to be the first such design available for deep water use,
that is, up to 300 m.

Pulse Resonant Transmitter With High Frequency Response. R working model of a
new pulse resonant transmitter with high frequency response has been completed.
The transmitter has a flat characteristic curve in the 10 to 300 Hz range through the
use of reactive compensation, and has output power in the 3-kJ range. The
transmitter is electrohydraulic; it is purely electric at low power and can be purely

hydraulic at high power.

Low Frequency Active Array. A developmental concept was discussed for a low
frequency active array of cylindrical shapes that might be used for searching out oil
and gas fields. The array would be arranged to fit down an oil and gas well casing
and would operate in the 50 to 100 Hz range with control to produce a directed
beam pattern along a horizontal plane. The total system would also include a
multichannel receiver array.

Fish School Detection Using a Passive Sonar System - ARGUS System. A senior
scientist from INFRAD described the ARGUS system, which is being developed in
partnership with other companies in the Dubna region. The ARGUS system
proposes using sonar emission tomography to detect fish shoals, currents and
underwater waves, and sediment fallout rates. The proposed system would be
purely passive and would have a maximum depth of 1,000 m, with a monitoring base
line of 180 m that lies up to 200 km offshore. The pattern of surface noise would be
understood through array processing as fish, currents, or sediment, and could be
characterized as to depth, density, and school size of fish. The processing by each
array would require the characteristics of the conditions in situ. . The spokesperson
for INFRAD explained that for about one year, there had been basic work exploring
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Seabed Characterization. This work has reached the -stage where excellent
characterization of complex seabeds from side scan sonar records has been
achieved. The present aim is towards a database of seabed types covering most
areas of the seabed. With the increase in data rates from sonar equipment, the
ability to accurately analyze data quickly is essential. To this end, a system has
been developed for performing on-line segmentation of seabed types. This has
application in hydrography where it is possible to perform seabed comparison over
very short time scales. This could be of major importance in times of conflict.

Sonar Data Compression. With the increase in resolution of modem sonars,
gigabytes of data are now being gathered in side scan surveys. Techniques have
been developed that are capable of compressing the information by many orders of
magnitude. This has obvious bensfits for the storage, manipulation, and transmission
of such data. Work is continuing on techniques for real-time handling of acoustic

Sonar Simulation. The group is developing mathematical and gréphical techniques
for synthesizing side scan data. The aim is to develop a system to allow the study
of the sonar process, which will aid analysis and detection work.

Marine Technology Directorate Ltd. (United Kingdom)

The Marine Technology Directorate (MTD) is a United Kingdom-based association
with international membership. The members have significant interests and
capabilities in ocean-related technologies and come from industry, government,
research establishments, academic institutions, the United Kingdom'’s Science and
Engineering Research Council, and the Royal Academy of Engineering.

MTD funds research programs that relate to undersea vehicle technology. One, the
Technology for Unmanned Underwater Vehicles. (TUUV) program, covers a broad
spectrum of technology problems in six main areas: sensing, control,
communication, navigation, propulsion, and analysis. Three of those projects reflect
types of activities related to acoustic applications in the undersea environment.

MTD advances research and development through its funding of marine research.
MTD also encourages communication in the marine community by organizing
discussions with companies whose interests relate to the objectives of the WTEC
study. A description of three TUUV projects funded by MTD follows:

Techniques for Processing Side Scan Sonar Data from Large Data Sets (Heriot-Watt
University). In recent years, there has been an increase in the demand for high
quality side scan sonar data for mapping sediments on the seafloor. Coupled with
this demand has been increasingly sophisticated sonar equipment capable of
obtaining high resolution images of the seafloor. These factors have led to an
abundance of data that must be examined by trained personnel in a subjective and
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Table 68
Specifications of Tritech Sonars

| Frequency

m 34

825 kHz

| sr82e

: Bandwi;:lth, normal

4.8° x 24°

| 4.8° x 24¢

| Beamwidth, Big Top

2.8° x 24°

1.2° x 24°

200m

[ 100m

60 - 1,000

usec

160~ 1,000

jisec

8-'40?‘99;,1 ) 8-40°sec |
3,000 m - 3,000 m

The sonar heads share a common power supply requirement and data
communication protocol that enable the connection of multiple devices, including
sonar, profilers, and altimeters, to the SCU-3 via a single twisted pair.

The SCU-3 is a powerful yet simple to operate multitasking acoustic processor. In
addition to controlling ST sonars, it also.operates Tritech ST 1000 scanning profilers,
displays real-time video, and shows information from other sensors, such as a TSS
340 Pipetracker and eastings and northings from a navigation computer, all on the
same monitor simultaneously. Data may be logged to and replayed from disk.

Images may be taken from SCU-3 and entered into desktop publishing packages to
assist in creating post-operation reports.

Reson Systems UK (Aberdeen)

The SEABAT 9001 system is a multibeam ‘sonar system that carries out profiling
operations. It consists of a low weight (8 kg in Water) multibeam sonar head, a 19-
inch rack mounted processor, a high resolution menitor, and a track-ball with which
to control the system (all functions are menu driven).

The SEABAT 9001 transmits a 90° x 1.5 fan beam consisting of ‘sixty 488 kHz
individual beams (1.5° x 1.8°) in one single pulse. All the beams are formed using
a curved face transducer that minimizes background noise. § '

Because a single pulse is transmitted, undistorted profiles are generated, accurately
portraying even the most complex sea bed features. Also, due to the single
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The Sonavision 4000 transmitter and receiver electronics are fully tunable via
software from 180 kHz to 1.5 MHz. Therefore various beam angles and frequencies
are available, that is, 1 MHz profile and 2,000 kHz long range search. See Table 6.7
for specifications.

In one application, the standard Sonavision 4000 sonar product was modified to take
a 1.2° 800 kHz sonar array. The computer graphics card in the display system was
modified to store up to 10 sonar pictures and the OS8-based control software was
adjusted accordingly. Software was also supplied for personal computer control of
the sonar system, enabling the operator to store sonar images to disc.

1-3 Connectivity Piezoelectric Materials for High Frequency Sonar. UDI and
Strathclyde University have spent three years developing new materials for sonar
applications. In brief, the material consists of piezoelectric ceramic pillars
embedded in a polymer matrix. In general, the combination of long, tall ceramic
pillars and polymer materials enhances the electromechanical conversion efficiency
and reduces the acoustic impedance to provide a better match to water. The results
have enabled phased arrays to be manufactured at a fraction of their price, and for
special sonar transducers to be supplied at little additional cost to clients.

Table 6.7
smm-as«mmaaooun

2‘2° vertical x 2.1 ° horizontal
27+ verﬁcal x 3.0° hozizontal
72 db

Source Level ~ |aw db re 1 micropascal at 1 m
i Pulse Length 100 usec
| Bandwidth o fow

Scan Rates (Menu Selectable) Slow, nmma.[ fast super fast

Cavitation Cleaning Sonar. UDI built a technical demonstrator sonar consisting of
a 400 mm diameter multi-ring 270-element’ phased array, and racks of 45 power
amplifiers. The system was designed to produce a focused beam capable of
cavitating a small volume of water. The cavitation effect can be used to clean rust
off metals. Investigations are underway into its capabilities against marine growth.
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The sonar head is mounted on a dynamic, stable platiorm that relates the beam to
a fixed spatial reference independent of roll, pitch, and yaw by the vessel. The 60°
insonified sector is scanned electronically by a very narrow beam to generate a high
definition video image. Each echoed puise represents angle and range data for
processing by the camputer. The received echoes are digitized and subjected to
modern image processing techniques. These enhance the composite video and
eliminate flicker. Performance has been demonstrated up to speeds of 10 kt and sea
- state 4.

The Mark II Hydrosearch outputs standard CCIR TV format. This permits the use
of a wide range of devices, such as TV monitors, line scan recorders, video
recorders, and output printers.

Bathyscan Swath Echo Soundmg System. Bathyscan is a 100/300 kHz swath echo
sounder based on the principle of acoustic interferometry. In the 100 kHz mode the
system will operate in continental shelf water depths and can map a swath up to
800 m wide, while at 300 kHz it offers high resolution surveys in rivers, harbors, and
estuaries.

Advanced Models of Sound Propagation in the Ocean. Marconi Underwater Systems
is engaged in research onthe propagation of sound in the oceans in order to further
- develop the company’s knowledge of the complex underwater environment.
Computer models of sound propagation play an imiportant part in this research and
allow the user to predict the distribution of sound intensity given prior knowledge
of the physical properties of the ocean, such as its sound speed profile.

(Toulon, France)

IFREMER, a French government agency with scientific, industrial, and commercial
roles, directs, funds, and promotes ocean research and development. The agency
often develops system concepts, then works with industry to bulld the system and
evaluate its operation. The Toulon facility is foctised on the operation of many of the
developed systems. The Brest facility, however, has established an acoustics
development laboratory. The following applications were mentioned, although few
details were gathered during this visit: (1) acousti¢ data transmission; (2) acoustic
determination of seabed characteristics; (3) development of very low frequency
transducers; and (4) array processing (acoustic tomography).

Further information is readily available by contacting the Brest laboratory.
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Long Endurance. As is shown in the: previous tables; some transponder systems
have quoted endurances of multiple years. In some of the institutes visited, projects
were directed at increasing the endurance of other autonomous instrumentation. In
Europe, the Autosub program seeks 7,000 km transits; the French have focused some
of their work on long range systems. Endurance is an important design
consideration for acoustic transponders and other instrumentation under
development.
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| SYSTEM USES / USER COMMUNITY ORGANIZATIONS INVOLVED |
Acoustic Arrays "~ | Oil and Gas Shir, IAP, Kor®
! Science
; Maritime
) Transponders Instrumentation And, Shir, Kor, BuO
| Various Applications ,
| Transducers Instrumentation - Shir, Kor, UDI, IFRE, Pel, (Kiev?) |
Various Applica tions o 1
Sonar Imaging Systems Oil and Gas And, NI, Kor, HW, TriT, Res, |
Medical ‘ UDI, Marc :
Seabed Characterization
| Communication Systems Maritime Of and Gas GPI, And, Kor, HW, Marc, IFRE
Position / Navigation Maritime And, Shir, St.PU, BuO, HW, Kor
| Parametric Sonar Ofl and Gas And ‘
! Science ?
| Acoustic Releases Science Shir, BuO |
| Acoustic Current Meters Oceanographic Community MHI, Kor
| ADCP Systems Science - Oceanographic 1AP |
| Research g i

* Kor = Oceanpribor (Eorvet Qceanpribop)

Higher Resolution. Several institutions focused on higher resolution acoustic
information. In Europe, interest in higher resolution sonar imaging systems is very
visible. At Strathclyde University, MTD is funding an effort to develop more accurate
position data for undersea tasks. In Russia and Ukraine, the term “super resolution”
acoustic data was emphasized. Improvements to existing technology are clearly
focused on increasing the resolution of acoustic systems either with new hardware
techniques or with advanced sonar signal processing and high-speed algorithms.

Efficient Sonar Signal Processing. Computer hardware availéble to researchers in

Russia and Ukraine has been limited. Researchers have
the problems they encountered, adjusting  their

had to understand clearly

techniques to : optimize the

processing that had to be accomplished. This has led to development of new
methods for processing acoustic data that seem to be more efficient than those in

the United States and other countries.
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' were clearly aware of the basic principles of the technology with which they were
involved. The limitation of computer capability and the need for efficient problem
solutions may have forced this need for in-depth basic understanding. The situation
in the United States is clearly different, where computer capability and the cost of
people may force development to proceed along different lines, where an
engineering solution may be more important than reaching a total understanding of
all aspects of a problem.

Application Ideas. New applications are under consideration by researchers in
Russia and Ukraine. Some of these ideas had not been considered in the United
States, at least within the circles represented by the members of the WTEC team.
It may well be that the new freedom to consider research directions has allowed
researchers to consider novel applications of technology. It may also be that having
to compete in a world marketplace demands new products and ideas.

Implementation Software and Implementation Hardware. Research in Russia and

ine has been undertaken in an environment with limited computer hardware
capability. However, this limitation has probably resulted in an emphasis on efficient
algorithms and highly capable microprogramming in the development of Russian
software. :

Maturity of Applications. Although Russia and Ukraine:have explored applications
of technology that are interesting and novel, the actual maturity of those applications
is not clear. Many of the technological concepts discussed were in their conceptual
stages only. With limited financial resources, it is unclear just how many of those
applications will come to fruition.

Infrastructure. The changes in the FSU have had a strong impact on the technology
infrastructure. Communications among various groups is unclear. Also, the method
for moving from concept to final Prototype was controlled very completely in the
past; the resources needed to accomplish a development effort were planned and
in place. It seems that this is no longer the case. It will take time for a new
infrastructure to evolve in the present environment. : ‘

Perceived Needs

A number of factors impacting technology development in the FSU were apparent
during the WTEC team’s visits and discussions in Russia and Ukraine. These are not
necessarily related to technology development, but are rather important to the
process used to develop technology. The following sections identify some of those
issues.




dealt with if products,
marketed in the Westarn countries.

clear that individuals were aware of technical developments in the United States and
other countries. For the most part, however, the current lavel of technology existing
outside the FSU was not well Much of this undoubtedly lies in the fact
that access to professional journals and individual contacts is limited. As this
understanding increases, the level of technological development will be more clearly
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SUMMARY AND CONCLUSIONS

It is impossible to understand just what the most important results of this visit were.
There were a number of applications of acoustic technology that were both exciting
to consider and important to advancing the state of the art in this field. Due to
limited time, it was not possible to truly uriderstand the technical accomplishments
of the technologists. Yet, their ideas were intriguing and their concepts novel. More
should be done to fully understand many of these efforts.

One question that surfaced repeatedly was how far specific applications had been
taken. It was not clear, at times, whether a discussion was of a concept not yet
moved to hardware; a concept for which a prototype had been developed; a
concept that had been evaluated in a real world setting; or a concept that had
already advanced to a product.

It was also unclear, at times, what the future held for specific applications that were
being discussed. With limited resources and a very dynamic environment, the future
of an idea is uncertain. Many of the applications discussed could well be moved
into viable products readily sought after in the world marketplace. Whether they will
reach the marketplace is not clear.

It was recognized by many members of the WIEC team that solutions to
technological problems had been implemented on computer hardware of limited
capability. Emphasis was placed on efficient algorithms and clearly understanding
the principles of the problem. Many in the West can remember how their first efforts
at applying microcomputers to instrumentation forced the use of machine languages
and complex interface programming. This is not unlike what seems to be the norm
in the FSU. The benefit of this has been that technologists in the FSU developed
unique solutions to complex programming problems.

There is a genuine desire for cooperation and collaboration. On one hand, this is
obvious since funding and equipment resources are lacking. More importantly,
however, is the perception that technologists in Russia and Ukraine truly believe that
cooperation and collaboration will bring new insights and further advance their
technological interests. The individuals involved in the visits were very talented
technical people. Much would be benefitted by the synergism that results from true
cooperation.

An interesting factor recognized during many discussions was that the current
environment in Russia and Ukraine allows technologists the freedom to choose their
own research directions. This has not been possible in the past since resources
were directed at specific projects planned outside of the various institutions. It is
clear that this change will allow researchers to consider new directions not possible
in the past.
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CHAPTER 7

SYSTEMS ENGINEERING AND INTEGRATION

Latry L. Gentry

INTRODUCTION

Systems engineering and integration (SE&I) is the discipline that brings together
technologies and hardware/software into an afficient product to satisfy operational
needs. As such, it is an appropriate wrap-up of the foregoing chapters that have
described the state of practice relating to underwater vehicles (UVs) and related
subsystems and technologies. For the following discussion, SE&I is separated into
four main topics that describe the process from emerging technologies through
development of the overall system and finally to mission operations. In each of these
topics the methodology and general state of practice are described where they
could be observed, and unique features are presented. Where possible,
comparisons and contrasts are drawn bstween the approaches employed in Western
Europe, the former Soviet Union (FSU) and the United States. Value judgements of
"better" or "best” are not appropriate in this:comparison since both the West and the
countries of the FSU have been successful in meeting their objectives in the
development of subsea systems and hchnologles

Numerous factors have conspired to limit tha validity and scope of the team’s
understanding of how SE&I is practiced at the many locations -visited. This is
particularly the case in Russia and Ukraine, but is also true to a lesser degree in
Westem Europe. These factors include the lack of time at each site; the lack of
common understanding of SE&I; the necessity for splitting into teams, so that the
author of each topic in this report had té rely on data acquired by others on the
panel; and the unevenness of the visits. Soms of the visits focused on real hardware
and others on general discussions. Soine meétings were strongly orchestrated by
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the hosts, with little freedom for interchange. This was not due to the hosts’ lack of
openness as much as their uncertainty about the team’s interests and the language
barriers. The result is that very often perceptions were obtained, rather than solid
evidence and facts. Consequently, the following discussions are more a starting
pomtthmaclmdutdaonchmons
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technology, increased costs, and time-consuming engineering refinement and
optimization. It is not unconemon for development of a new UV to cost from tens to
even hundreds of millions of dollars, and to take four years or more to make it ready
for operations. In some cases, due to rapidly changing economics, politics, and
technologies, the need for the system-and/or the technology base may be obsolete
before the system is ready for use. SE&I has become one of the main ways of
seeking improved development efficiency and lowered costs. :

TECHNOLOGY EVOLUTION

In the West, the impetus for advanced research and development in undersea
technologies has come from g mixture of the military, industry, and science sectors.
The military sector has most often been the initiating source, with industry and
academia adopting and refining the resulting advances for lower-cost applications

although the strength of the North Sea oil and gas industry has resulted in the
commercial sector being a stronger initiator of new technologies than is the case in
the United States. In the FSU, however, the federal funding process was slanted
"heavily toward military needs: only recently has the process of conversion to the civil

and Ukraine. (For detailed descriptions, see the site reports in Appendices B
through F.) o

The European Programs

As mentioned earlier, Europe employs the same basic approach and tools as does
the United States for advanced ressarch and development. Work stations and high
capacity computational systems allow a heavy emphasis on analysis and simulation,
and a concerted effort to develop autonomous systems and smart sensors (see LIFIA
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and Heriot-Watt University site reports in Appendices D and E, respectively). One
strong point in the European programs is their ability to focus advanced research
across a number of countries. This has been accomplished through the Marine
Science and Technology (MAST) programs, which have established European joint
research objectives and funded cooperative activities at institutes and organizations
in each country. MAST II, a. ten-year program in oceanographic research and
development, funds and/or links together such programs as AMADEUS and Autosub
in the U.K and others across Europe. These programs will develop technologies,
sensors, and underwater vehicles to do work and research in the deep ocean as
well as in shallow, near-shore areas (see Heriot-Watt University, INRIA, IFREMER,
and Deacon Laboratory site reports in Appendices D and E). The U.S. programs,
by comparison, are more independent, with each research and development entity
setting its own objectives .and seeking separate funding. In this time of limited
funding in the United States, an approach like that of MAST may be helpful in
achieving national objectives for ocean research and development.

Russian and Ukrainian Programs

Since the collapse of the Soviet ‘Union, each state in the Confederation of
Independent States (CIS) independently conducts its own programs in undersea
technology. The WTEC team visited only Russia and Ukraine, but found many
similarities in how their scientists conduct research and development for advanced
marine and undersea technology. Research and development in Russia and Ukraine
are characterized by strong theoretical work. The fundamental processes and
mathematical models are well understood and emphasized. On the other hand, the
lack of high capacity computational platforms limits the analytical work necessary
to validate the theory. Hence simulation and analysis are performed at a level that
can be supported on IBM or equivalent PCs (see Andreev Institute and Dubna site
reports in Appendix B). IBM 386 and, very recently, a few 486 machines were the
only computers observed or mentioned at the various institutes; in fact, the need for
better computers and software was frequently mentioned. The result seems to be
that research and development is. taken to the laboratory and the field much sooner
than is generally the case in the West. Thus, much of the scientific verification is
done empirically.

Under the previous Soviet system, the relatively low cost of labor and materials
compared to the West led to a proliferation of very capable and often similar test
facilities throughout the Academy of Science organizations. The low labor costs also
resulted in large staffs of qualified scientists at many of the institutions. Populations
ranging from 8,000 to 28,000 people have not been uncommon in the past. Presently,
however, large reductions in the numbers of scientists and support personnel are
occurring at most of the institutions due to lack of funding. Unless funding is
acquired soon, the extensive science capabilities in both facilities and people will
be lost. It has been said that major reductions in the CIS military R&D sector are
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Figure 7.1. High Velocity Test Chnmbei (top), Prdectjho (médle). Proiocﬂlec in Water Cavities (bottom)
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developers stress a bottoms up factory: test approach that tests components,
subsystems, and ‘finally complete systems. European developers that the WTEC
team visited employ test methods very similar to those used in the United States.
Russia and Ukraine differ frorh the United ‘States only in the sophistication of test
‘equipment in use. In the West, simulation testing is often used as an overall final
factory acceptance test. It couples environmental and mission simulation modules
with system hardware and man in the loop to perform end-to-end functional
‘acceptance tests. Simulation testing is most often-performed dry, but can also be
_done in suitable wet tanks or pressure chambers, if available. Automated test
“equipment (ATE) is used extensively in the West, and provides a preprogrammed,
-computer-controlled capability for high volume test sequences such as life cycle
testing and production testing of complicated electronic equipment. Simulation and
- automatic testing require more capable computsr assets than are generally available
to most developers in the FSU, hence, the lack of this kind of test activity was
anticipated. One exception was at Krylov, where advanced automated test facilities
were observed. In general, very capable test facilities are availuble in both Europe
and the FSU for the type of applications and vehicles that are in use. Tables 7.3a
and 7.3b summarize the test activities and facilities that were observed or described
to the panel. Some of the more unique facilities are discussed m the following

‘paragraphs.

‘Europe

In both the United Kingdom and France there are very capable physical and
functional test facilities in use. Simulation laboratories and automated test equipment
were observed (see Heriot-Watt University, LIFIA, and Marine Technology

Directorate site reports in Appendices D and E); they are used to test systems and
components for underwater vehicles.

Pressure chambers of various sizes and depth capabilities are available in Europe.
The most impressive was found at Slingsby Engineering Ltd. Slingsby has a 3 m
diameter horizontal chamber (see Figure 7.2) with a unique, half-cylinder support
carriage that allows for entry of test articles nearly the size ofthe full diameter of the
chamber. In this manner, the company can functionally test even its largest ROVs
to depths of 7,500 feet. Large chambers capable of testing complete vehicles to full
ocean depth (6,000 m or more) were ‘not found, but may be available at other
locations. Handouts at Rauma Ooean.ics in Finland listed a reasonably large (2.5 m
diameter) chamber good to 7,800 m, but the team was not allowed to tour any of the
company’s facilities.
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Figure 7.3. Pressure Test Pacility at Slingsby
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controlled test facilities. The structural test facility (see Figure 7.3) can life cycle test
full-sized ship panels by hydraulically applying simulated loads in numerous
positions at temperatures down to -1 10 °C and measuring up to 3,000 data pomts to

monitor fatigue and cracking.

Figure 7.3. Structural Faclility at Krylov

-Other test facilities observed in Russid and Ukraine, while not as impressive as those
at Krylov, were still very capable arid have been used extensively in developing
advanced marine technologies. As it zed in Tables 7.3a and 7.3b, acoustic,
hydrodynamic, and pressure test facilities were found at mariy institutes and were
adequate for both research and’ component development. However, the only facility
that appeared to be large enouih to st a complete manned ‘submersible hull was
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Figure 7.4. Ikhtiandr and m-zsum
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~European passenger transportation until other funds become available. The
persannel at Mariecoprom (see Mariecoprom site report in Appendix C) were
-anxious for partners in research in the Black Sea or anywhere the partner desires.
The. Ikhtiandr and Sever-8-fully crewed, would lease for about $800/day. Even with
fuel and provisions as extra, this is a very low cost.

Europe

Underwater vehicles and marine technologies are very important to the European
countries visited. This is evidenced by government sponsored and funded programs
such as the Marine Technology Directorate program sponsored by the United
Kingdom’s Science and Engineering Ressarch Council and France's IFREMER
program. There is also a European-wide focus through the Marine Science and
Technology program. European marine technology and UV activities are well
planned and focused, and funding, though never enough, is adequate. The bottom
line is that the Europeans are making good progress in developing AUVs toward
some very useful national and regional objectives in ocean research. Good work is
also in progress toward development of ROVs for the offshore oil industry.

The organizations involved in UV development and marine research are just as well
equipped for research, engineering, and overall system integration. Their computer
equipment and test facilities are as modem and capable as any in the United States.

Russia and Ukraine
To summarize:

o Laborandmataﬁalsmsﬁllinexpensive.Thishasledinthepasttoan
emphasis on manned UVs rather than unmanned units because it is easier to
integrate, maintain, and use the low-cost labor to good effect. This trend will
probably continue into the near future until the industrial sector in these
countries begins to mature and costs drive them toward unmanned systems.
In the West, the high cost of labor and the risk of litigation and insurance
penalties have driven the United States toward unmanned solutions.
However, the same cost of labor has made sophistication and high technology
expensive. The United States has improved performance and minimized
man-dependency, but in some cases has violated the basic rules of "keep it
simple" and “sufficient is good enough." U.S. researchers are too often
enamored of the whiz-bang solution rather than the simplest solution.
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CHAPTER 8

NAVIGATION, COMMUNICATION, AUTOMATION,
AND CONTROL

Michael ]. Lee

INTRODUCTION
Navigation, ‘communi';zation, 'automaﬁon,,aynd control are important technologies in
underwater vehicles. The ability to navigate and control a vehicle is essential to all

underwater vehicle activities. Automation and .communication are enabling
technologies that are prerequisites for advanced capabilities, such as autonomous

remote observation, and/or experimentation platforms, and also the ability to extend
the number of people who are involved in ‘and interact with an underwater activity.
Automation provides two functions. First of all, automation can take tasks that are
tedious and require a lot of manpower and accomplish or help accomplish these
tasks using a machine or a computer. This allows more tasks to be accomplished
- with a fixed amount. of manpower. Secondly, some _tasks can be done more
efficiently (that is, faster, more accurately, and more repeatably) by an automated
system than manually. This allows objectives to be accomplished that otherwise
could not be achieved. o - ‘ - , :

The WTEC team looked at the application of automaﬁnnandcontrol technologies
in the research and development laboratories as well as in underwater systems.
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Country-by-Country Assessment

Russia and Ukraine. Several institutions in Russia and Ukraine are working on the

development of transponders for subsea navigation. At the Andreev Institute there

are several projects developing this tgchnelcgy (see Andreev Institute site report -

- Appetidix B). The scientists’ focus ‘ g the duration of the transponders.
“This can be eccomplisludbyincreashq;tb efficiency of -the power transfer from

electrical energy to acoustical energy. It can also be accomplished by putting the

. transponder to sleep, waking it up onlywhenpoweruneeded. Another method is

to focus on failure modes and to increase the mean time between failure of the

- transponder. Oceanpribor is developing low, medium, and high power transponders.
A test facility is used there to test transponders and navigation systems. The
~ company has developed long, short, and ultrashort baseline navigation systems,
. some of which have capabilities similar to the Honeywell and Simrad systems (see
Oceanpnbcr site report - Appendix B). The Bureau of O¢eanological Engineering
is developing transponders for two systems: a long baseline system and an
_ultrashort baseline system (see Bureau of Oceanological Engineering site report -
Appendix B). St. Petersburg State University has been working on ultrashort
- baseline underwater tracking systems and the corresponding transponders (see St.
Petersburg State University site report - Appendix B). Transponder design (for
‘navigation, communication, and sensing) is an area that was described to the WTEC
. heamuanareeefstrengthinthel"SU—hnmandUhahehave impressive test

The Andreev Institute is worldng on bottom referenced mvigahon (see Andreev
Institute site report - Appendix B). This includes correlation sonar and multibeam
sonar. These systems use multibeam transmitters to insonify a large area and then
correlate the response with a reference image. Another system under development
uses a mulﬁbeam receiver to track the position of a remote transponder.

At the Bauman Institute in Moscdw, there is a research program to develop a low
drift integrated mmmmmMonmww high accuracy
accelerometers (see Bauman eiﬁe repért kpencli: B)

France. In France, several prograins are Iccused on usinq IOcally sensed data in the
navigation system of an undersea, or any robotic, vehicle. At LIFIA, in Grenoble, the
French dre using a multibeam sonar to 'sense the local environment (see LIFIA site
report - Appendix D). This data is then mat¢hed to a world model. The position of
the vehicle, as well as any new obestacles, can be determined from this data. A path
on how to proceed to the objective cat then be calculated. 'Figure 8.1 shows the
output of the user interface showing the ‘vehicle and the position that it has
calculated with respect to the walls of the laboratory.
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Summary

For newer vehicles, navigation systems are acquired internationally so that their
performance is not limited to regional or national capabilities. Two vehicles that
have been used extensively by the worldwide scientific community are the two Mir
submersibles that were designed and built i Finland by Rauma Oceanics. The
navigation and communications equipment enboard the Mir submersibles is built in
Finland by a Rauma subcontractor (see Rauma site repert - Appendix F).

In the area of navigation, research programs in the FSU, Western Europe, and the
United States all use similar technologies (Figure 8.2). In Russia and Ukraine, there
are: (1) a large number of engineers who are trained and working in this area; (2)
an infrastructure for the development, -testing, and evaluation of navigation
technologies; and (3) a focus on the developnient of hardware, on the development
of algorithms, and on testing and evaluating navigation technologies. -

mdﬂmm

Long Baseline Acoustic Navigation
Short Baseline Acoustic Navigation
Ultrashort Baseline Acoustic

Navigation
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strength ir L algasithme for communication systerms. Scientists at
Mnmmahdforﬂﬂbydswlopktgmwdqoﬁm Also, many
researchers seem to be involved in the development and theory of algorithms (see
Table 8.2).
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Limited speed and mémory in computer platforms forced |
developers to focus on efficient algorithms. ‘

Large number of engineeré and scientists are trained and |
have been working in algotithm development. |

Algorithm development has been a priority due to military |
applications. - |

| Limitations
: Many of the theoretical concepts have not been tested.
Computer capability to sﬁmtilata algorithms is limited.

Effects of tradeoffs between maintainability and efficiency |
of code have not been evaluated. i

- Fiber optic communication systems seem to be an available technology (see
Dubna/TECHNOPOLE and Energia site reports - Appendix B). These systems are
used to link offshore surveillance systems to the land. The team did not see any
fiber optic communication tethered to remotely operated vehicles.

In the General Physics Institute, a unique communication system was described (see
General Physics Institute site report - Appendix B). This system is designed to
communicate between submarines and aircraft. The asrial platform would use a
very high power, modulated laser directed af a very small area of the sea surface.
The power output of the laser would be high enough to create mechanical surface
roughness variations that could be picked up by a sonar, decoding the signal by
using signature analysis techniques. The sibmarine would use an upward directed,
very high frequency sound source to create similar roughness on the sea surface.
This surface roughness variation would -be detected by a high frequency
cross-polarized radar (Figure 8.2). i

France. IFREMER has developed the T VA acoustic modem system and operated
it for the last five years (see  IFREMER site report). TIVA is a 20 kbaud
communication link that passes both data-and compressed video between a
submersible and a support vessel. This system has been transferred to a
commercial company and is now available for sale.
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United Kingdom. EEVMAC is a European Community supported project to develop
underwater communication technology. One of the goals is the development of high
data rate communication systems for AUVs.. EEVMAC is developing a very large
acoustic communications test range in the Firth of Forth. This range will be fully
instrumented so that the data can be evaluated in real time in the laboratories (see
Heriot-Watt University site report - Appendix E). .

Conclusions

Communications technologies and research -programs are generally consistent
across Russia and Ukraine, Western Europe, and the United States. The main focus
seems to have been on communication with submarines, which has provided spin-off
technology that is now being made available to the nonmilitary  community.
Communication tools are generally available to research and development programs
in each of the countries. The current push is for longer range, higher speed, and
more robustness. '

Communication is an area where the focus on simple efficient algorithms, which we
have seen in Russia and Ukraine, may pay off. Researchers in the FSU have focused
on algorithm development and less computationally intensive solutions. Techniques
using these algorithms could have advantages over other techniques used in
Western countries. : o

AUTOMATION AND CONTROL

Introduction

Automation and control are important -technologies for underwater wvehicles.
Automation can pertain to a range of capabilities, from simple'systems that assist the
operators in performing only basic tasks to. fully autonomous systems which are
capable ofgoingtoseawlmmﬂoormcmu&\ha&nandpufomingatask With
basic levels of control technology, a vehicle can be an effective observational
platfiorm. To use underwater vehicles for manipulative and experimental functions,
the vehicle and its instrumentation need to have a more advanced level of control.
Advanced vehicles that are capable of autonomous or semiautonomous functions
need a fairly sophisticated controller because they need to be able to sense and
respond to their environment. If properly applied, higher levels of automation and
control in vehicles are useful because they increase the safety and effectiveness of
the vehicle, allow the vehicle to function in ways that would not be possible if it were
not automated, and provide a more cost-effective solution to -accomplishing a task.




g
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Ancther wehicle that has some-attomated systems is an. autonomous unmanned
vehicle, the MT588, which was designed in. Viadivostok - This vehicle has the
capability to dive, executs a SuE¥ey; and return under automated control. -

sdme of the potontial causes for the lack of aufbmation in Russia and Uluﬁmm
lack of access to computers, the reliability of the electronics, and the relative cost
of labor versus capital there.

Faoility Antomation

n and simulation facilities to the team. That .
the view that this capability is one of the maj

company’s scientists expressed

strengths that they bring to the underwater vehicle field.
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Figure 8.3. An Antonomous Manned Submersible
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Manipulator Control

At Heriot-Watt University, a program is underway to develop higher levels of control
formmiptﬂttaranm(seeﬁmt—ﬁatﬂlniwmﬁymm) Scientists there are
working to allow multiple arms to operate in the same wx ace without collisions.
This involves multisensor fusion and autonomous decision making within the robot

control system itself. They have a demonstration of two robot arms moving in the -

same workspace. In the future there is the prospect of intelligent robots able to
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autonomously visualize, plan, and control manipulative tasks with a minimum of
operator involvement. -

control either rate or force on a manipulator axis.

Software Architecture

In the Western European programs there is a significant focus on architectures for
control of underwater vehicles. The goal of these programs seems to be to find
methodologies that provide structures for data transfer within the vehicle system, and
that provide clean, maintainable software that can function at increasingly higher
levels of autonomy (see INRIA site report).

At INRIA, scientists are working on automatic generation of software for vehicle
control (see INRIA site report). They have an autémated robot design system to let
them design the mechanical configuration of a robotic system using
computer-aided-design tools. They then input the configuration from the CAD to an
automated software design system. The systemn is configured by specifying modules,
such as data sources and control filters. These modules are then connected
together by data paths. C code is then generated that will run in a specified
hardware and software environment. The code is simulated line-by-line and the
performance verified. -

Autonomous Vehicles

MAST II is a European Community program including two projects relating to AUVs.
One of these, entitled "Advanced Systems Research for Unmanned Autonomous
Vehicles," is being coordinated by Deacon Laberatory in the United Kingdom.
Deacon Laboratory is also coordinating Atitosub, a UK -funded program aimed at
developing vehicles that can autonomously make transoceanic crossings and gather
data and samples. This program is pushing the technology in long distance
navigation, as well as in automation and contro} (see Chapter 8 and the Deacon
Laboratory site report in Appendix E),. .

Conclusions

The level of automation in the vehicle systems and in the development laboratories
and test environments is much lower in Russia and Ukraine than in Westemn Europe
or in the United States. The infrastructure to develop automation and advanced
control techniques is 10 to 20 years behind that in the West. There has been little
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hard-wired direct links to human operators.

hmavidoneeofmsoawe duign.'l'netema
consistent request from the designers for computer-aided-design and simulation

, = : - d O !i!r:%‘i.? :’, , ,7,_
situation. There are also several very
The Russians and Ukrainians would like

The United Kingdom is also pionesting the. development of lang range undecwater
vehicles through its Autosub program. This program is pushing the limits in
underwater vehicle technology in automation, navigation, and control.
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APPENDICES
APPENDIX A. PROFESSIONAL EXPERIENCE OF PANELISTS AND OTHER
PANEL MEMBERS

Richard J. Seymour, Chair of the WTEC Panel on Research Submersibles and
Undersea Technologies, is Director of the Offishore Research Center and Senior
Chair in Ocean Engineering at Texas A&M University.

Dr. Seymour heads the only U.S. national engineering research center that is
dedicated to ocean engineering research. The ‘mission of the Center is basic
research that will assist economical oil and gas production at great depths (2 to 3
km). The Center's research activity has included fluid/structures interaction,
advanced composites for deep ocean applications, and seafloor engineering, with
particular emphasis on innovative foundations and structural reliability. Formerly,
Dr. Seymour headed ocean engineering research at the Scripps Institution of
Oceanography of the University of California, San Diego. In addition, he has headed
a number of major ocean engineering research programs, and has published over
180 papers, books, and reports in his field. ‘

A graduate of the U.S. Naval Academy, Dr. Seymour obtained his Ph.D. at Scripps.
He is a member of the Marine Board of the U.S. National Research Council and is
active in the Marine Technology Society, the American Society of Civil Engineers,
and the American Society of Mechanical Engineers. :

D. Richard Blidbery is the Director of the Marine Systems Engineering Laboratory
at Northeastern University’s Marine Science Centér in East Point Nahant,

Mr. Blidberg has been involved in the development of autonomous underwater
vehicle systems for over 20 years. He began his career in industry, where he was
involved in the development of underwater acoustic systems and their applications
in the polar regions. He subsequently assisted in the founding of the Marine
Systems Engineering Laboratory of the University of New Hampshire. In that
laboratory’s new home at Northeastern University, Mr. Blidberg continues to focus
on the development of intelligent systems technology for undersea applications,
particularly architectures for intelligent control. He has been responsible for the
current EA VE system architecture progrant since 1976. Mr. Blidberg has served on
a number of committees focused on undersea systems technology, and has
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platforms for oceanographic and meteorological measurements. Mr. Kalvaitis has
_published articles on undersea technology developments and platforms, ocean
thermal energy conversion, data quality assurance, and marine instrumentation.

Mr. Kalvaitis received his Bachelor's degree in Mechanical Engineering from the
University of Maine, Orono. He is a member of the Marine Technology Society’s
Undersea Vehicles/ROV Committee, and of the Current Measurement Technology
Comumittee of the Institute of Electrical and Electronics Engineers. In addition, he
is a member of the Engineering Committee on Oceanic Resources Working Group
for Marine Robotics.

Michael J. Lee is a Senior Engineer with the Monterey Bay Aquarium Research
Institute of Monterey, California. . _

Mr. Lee is involved in research in task-level controlled unmanned underwater
vehicle systems. He developed and ‘managed the institute’s research programs for
underwater remotely operated vehicles and underwater instruments. He was
instrumental in developing the scientific ROV Ventana, which has conducted over 500
scientific research missions off the coast of California. Formerly with Hewlett
Packard Laboratories, where he headed the Control Systems Department, Mr. Lee
is experienced in research in electromechanical systems, including printers, plotters,
instruments, and robotics. Morecver, he managed the Laboratories’ efforts .in
manufacturing technology, including robotics, design for manufacturability, and
computer-integrated manufacturing. ' A o

Mr. Lee received his Bachelor's degree in Electrical Engineering from
Massachusetts Institute of Technology and his Master’s degree in Electrical
Engineering from Stanford University. He is a member of the. Marine Technology
Society and of the American Society of Mechanical Engineers. "

John B. ‘Brad" Mooney Jr., a Retired Admiral in the U.§. Navy, is an independent
consultant to ocean engineering and research managers.

Admiral Mooney is a member of the Board of Directors of Coltec Industries; a
member of the Marine Board of the U.S. National Research Council; a member of the
Board of Directors of the National Association of Marine Laboratories; and serves on
the Naval Studies and Ocean Studies panels of the U.S. National Academy of
Sciences. He is a former President of the U.S. Maririe Technology Society, and is
the former President and Managing Director of Harbor Branch Oceanographic
Institution, Inc. of Fort Pierce, Florida, Admiral Mooney retired from the U.S. Navy
in 1987. His 34 years of commissioned- military service:included numerous
assignments involving ocean engineering and research and development. He served
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research in subsea technology and coastal zone utilization. 'In addition, Mr. Caplan
has been actively engaged in promoting the Foundation’s international activities, and
served as the Chairman of the Foundation’s Coordinating Committee for Research
in Intelligent Robotics Systems. Prior to joining the Foundation in 1973, Mr. Caplan
held positions with U.S. academia and U.S. companies involved in research in
undersea technology, ocean vehicles, and advanced naval communications.

Mr. Caplan received his Bachelor’s and Master’s degrees in Electrical Engineering
from New York University. He is a member of the Institute of Electrical and
Electronic Engineers (IEEE), is Past President of the Robotics and Autornation
Society, and is active in the Marine Technology Society (MTS). He is the U.S.
Delegate to the Intemmational Advance Robotics Program and to the Intemational
Ocean Technology Congress.

Michael J. DeHaemer is the Director of the Japanese Technology Evaluation
Center/World Technology Evaluation Center at Loyola College, Baltimore, Maryland.

Dr. DeHaemer is a former Captain in the U.S. Navy and submarine commander. He
is founder and Director of the Lattanze Human Computer Interface Laboratory and
is a specialist in the applications of synthesized speech and automated voice
recognition systems as computer interface output and input. On the faculty of the
Sellinger School of Business and Management at Loyola College, he is the Chairman
of the Information Systems and Decision Sciences Department, where he currently
teaches Information Technology and Strategy, the Human-Computer Interface,
Applications of Expert Systems and Neural Networks, and Production Management.
Dr. DeHaemer has research interests in business applications of artificial intelligence
and the methodology of technology assessment. B

Dr. DeHaemer received his Bachelor’s degree in Physics from the University of Notre
Dame, Master’s degree in Operations Research from the Naval Postgraduate School,
Master’s degree in Business Administration and Industrial Engineering, and Ph.D. in
Management Information Systems from Rensselaer Polytechnic Institute.
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the user community. Recently the institute’s scientists have been given more
freedom to choose their research directions, but they have far less support to
accomplish that research. Recently Andreev’s two-building complex has
Wﬂﬁducﬁomtoﬂamwhempmdomb\ﬁdinghmdbya
commercial company. Mr. Nikolae Dubrovsky's lab has been reduced from thirty-
five people to eight in the last eight years.

The institute has two large ships, ranging up to 10,000 tons, that are configured for

acoustics research. The ships are not in use now, but the institute is trying to find
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comparies with which to form joint ventures in order to have the funding required
to return the ships to operation. SR

Applications include: drag reduction, sound and vibration, bionic research, neural
networks, navigation, ultrasound, -ecological, nonlinear acoustics, algorithmic
processing of data, underwater communications, and bore head telemetry.

Drag Reduction

The institute did some work in the lQTOs on drag reduction, but subsequently
stopped. Since then the personnel involved have left the institute.

Sound and Vibration

Andreev has worked on developing materials and coatings to reduce sound,
investigating methods of determining where to place the materials for optimum noise
reduction. =

Bionic Research

Research into dolphins and other marine animals’ sonar capabilities has sparked
interest in understanding what can be applied to sonar systems. Marine mammals
like the dolphin have a sonar system that is a "whole" system, that is, the
physiological characteristics of the animal and its behavior are part of the entire
sonar system. Scientists have learned from this that 5 to 100 neurons can sometimes
have a processing capability that is equivalent to a million computers.

Neural Networks

The institute is investigating some basic issues associated with neural networks. The
institute’s scientists want to know how a group of neurons with m/sec response times
can be connected so that the group can detect m/sec variations. Andreev does not
have a large research effort in the neural networks area at this time.

Navigation

The Andreev Institute is interested in undersea transponders with extended
durations. Some work has been undertaken that is directed at the development of
transponders -- extending transponder endurance through the use of a sleep mode.
The institute’s scientists expect to extend the life of transponders by one or more
years by using a wake up mode.

The institute has been investigating the design of a multibeam receiver for obtaining
accurate range and bearing determination using transponders. The institute’s
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| Long path acoustic current meter. Here the matched field techniques
minimize the errors introduced by bottom and surface reverberations in
shallow water channels. The technique increases the accuracy of fluid flow
measurements in long, shallow water channels.

2. Understanding the iﬂtemal wmstmcture of a channel. Andreev’s scientists
feel that they can understand the health of a body of water by determining
flows in and out of that water as described by the structure of water in the
channel.

3. Underwater acoustic holography, using optical waveguide techniques to
better understand underwater sound channels.

4, Sediment measurements through a project to measure sediment properties by
using acoustics. By measuring the effect of an acoustic wave as it propagates
through the marine sediment, various parameters can be determined.

Underwater Communications

The institute’s scientists have worked on some communication systems that they
cannot discuss. They also have examined some of the filter processing techniques
being applied to underwater communications. They believed there was a need for
long range (2,000 to 3,000 km) communications at low data rates. The same
techniques can be applied to shorter ranges with correspondingly higher data rates
(e.g., 20 Hz +10 for ranges of 1,000 to 2,000 km using a receiver with 18 bit
resolution).

Bore Head Telemetry

Scientists at the institute want to use thai: techniques for implementing a telemetry
system from the drill head to the surface by using a low data rate system without
cables.

In summary, in the area of research pra;eclz, the institute’s focus is on basic
research. The institute also is involved with the actual development of systems.
Although several projects are being considered, the status of those projects is not
clear. . ,

The institute works with personal' computer (PC)-type workstations and develops
some of the applications using DSP chips. Andreev Institute’s scientists recognize
their need for more capable computer hardware, but have accomplished much with
existing processing capabilities.




|
§
=

184

Report Author: C. Brancart

WTEC:

- D. Blidberg

C. Brancart
L. Gentry
J. Mooney
HOSTS:

Vladimir A. Chelyshev Head of Department, Underwater Devices
and Robotics

Vadim V. Veltischev Head of Department

Dr. Peter A. Zinoviev President, Institute of Composite Structures

BACEGROUND
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Bauman Institute works with other institutes and agencies on common projects.
Their specialties are: manipulator systems, propulsion systems, operating systems
and controls, and complete underwater vehicles.

RESEARCH AND DEVELOPMENT ACTIVITIES

Although the WTEC team members were unable to undertake any in-depth
discussions on the Bauman Institute’s capabilities, they were able to highlight the
general areas of the institute’s expertise.

Propulsion

Electrohydraulic drive systems and associated controls. The institute’s scientists and
engineers claim that their servo valves are the best (i.e., comparable to
Westinghouse's hydraulic amplifiers).

Electric drive systems. These systems have brushless motors and magnetics, and
tend to be very expensive. ,

Mangus propulsion. These rotating cylinders are used on a towed system at 2,000
m depth. ,

Adoptive propulsion. These are totally regulatable hydraulic motors that select
operating parameters to maximize propulsive efficiency.

Energy Systems

Gas Dynamics. The institute has a solid propellant that uses water as the oxidizer.
This is different from torpedo technology because this propellant is ecologically
pure. This technology has been used on the institute’s rescue submarine. Bauman's
scientists and engineers are working on a powsr package that would replace the
batteries on manned submersibles.

Nuclear. Bauman is not working on any nuclear power systems. The institute’s
personnel would like to develop nuclear systems, but they are not allowed to.

Manipulators

Manipulators are the Bauman Institute’s area of expertise. The WTEC team visited
a laboratory that had just one manipulator instead of the large variety of manipulators
that the team's members expected. Some of the major accomplishments in

manipulators have been:
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o Autonomous control. The institute’s - scientists wrote - the software for the
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Noise
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constructive resonance concept. In the propulsion area, Bauman'’s scientists feel that
the gas-dynamic system is potentially quieter.

Navigation

accurate accelerometers. mmgodkmmmcrmotmmper}wur.
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SUMMARY -

The institute has demonstrated levels of expertise in the area of electrohydraulic
system control and devices, and gas-dynamics propulsion. It may be advantageous
to pursue the technologies further. 3

Dr. Peter A. Zinoviev, the institute’s director, was very open concerning its present
condition: the institute is in a survival mode.

Bauman Institute representatives passed out black and white photographs of some
of the institute’s systems, including:

Triton, an ROV

K towed system

Aquator, an ROV circa 1978
A wheeled vehicle

A grabber vehicle

Scaros, an AUV manipulator
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Date Visited:
Report Author: D. Walsh

HOSTS: T

Victor P. Brovko Director, Science and Technology, designer
of manned submersibles; he was formerly

Laboratory of the P.P. Shirshov Institute and

pilot of the Mir submersibles; now lisison

Rlexander A. Paramonov Director (he did not attend the site visit, but
‘ the WTEC team obtained his card)

G e e Beovi' of Exporimental Design Bureau. Most
T WG e i o, Victox Brovie's office, whers the team was brlefed on
- and Dr. Alesandr Podrashansky to discuss tourist submarine

Ltd. Some team members were shown some of the bureau’s hardware.
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The Experimental Design Bureau of Oceanological Engineering was established in
1970 as part of the P.P. Shirshov Institute of Oceanology. The Design Bureau
remained a part of the institute until about two years ago. Now it is an independent
organization under the Russian Academy of Sciences. However, its two major
customers are still the Shirshov Institute and the Ministry of Geology. The bureau
is free to sell its devices to any buyers, domestic or foreign. :

The bureau’s primary function is to design, build, and test sensors, samplers, and
instrumentation used for oceanographic research. The bureau's scientists and
engineers also design and build manned submersibles. These include Osmotr,
which was completed in 1988, and the Riff class, two of which are under
construction. The bureau’s recent interest in tourist submarines for the commercial
market comes from its experience with oceanographic manned submersibies.

RESEARCH AND DEVELOPMENT ACTIVITIES

Oceanographic Instrumentation

In the bureau, there are two major subgroups in the area of oceanographic
instrumentation: hydrophysics and hydroacoustics. The bureau's scientists and
technologists make a full range of devices for ocean studies, as well as various
components such as radio beacons, acoustic releases, physical samplers, and strobe
beacons. -

They have also been working with the development and construction of both long
and ultrashort baseline navigation/positioning systems. This work has included
design of the required transponders. Operations with these systems have been
conducted in the ocean and in Lake Baikal, where acoustic conditions are very

difficult.

Another developmntal area is underwater communications between submersibles
and surface vessels. :

Manned Submersibles

Manned submersibles have been a mission of the bureau since it was first founded.
Argus (1976), a 600 m depth vehicle, has made over 1,000 dives, and Osmotr (19886),
a 300 m vehicle (200 m for diver lockout operations), has made only 20 test dives
and “dozens of dives to 80 m" for testing its diver lockout system. It had been
offered to Cuba for treasure hunting work, but this project was not realized. Osmotr,
currently located in the Ukraine, has no programs planned and is presently for sale.
Both submersibles were designed and coristructed under the direction of the bureau.
Also, both have been operated by the Shirshov Institute.




160 Appandix B. Site Reports - Russia

Presuctly ﬁ-n e two 45@ m m depth m
wants the submersibles (mmwmg mwmmuwm
mcmdmdatﬁnkhmmawmﬁnm&;

Rts wpbwvica) pressure tull is mads up of six major titanhum segments that were
kgaéeut.mﬂmkkd. Mmmmmmmmmm

m,mmhmmwh&ww&mm a foreign
investor who-weuld put in the $8 million required to compiste construction would be
given one of the two submersibles.

The Experimental DeslgnmudOceanologwd" sering and Rift:Co., Litd.
have developed two designs for tourist submarines, the Angara TS-6/600and the TS-
a0/100. mmhamswmm@mmmm
The lstter-is. an-$880,000, 20- er submarine thist-can dive to 100 m. -Both
Mmmmhwwmm

RiftCmLtd.mmndstoMﬁmmbmmiblelwkhone of the westemn
classification societies, such as the American Bureau of Shipping or Lloyds Register,
bnﬁldvdﬁchhmomeesin&mv

mwcmwmmmu)mmmm NocompanyintheWest
wmmmmmhammwmﬁummm
yet present.

omwparhdm Tmyemmﬂubmmkmd&ﬂﬂemplmbdqithas
180. A major jon of the Design Buresi’s mal : )
mmm h;ﬁﬁm&mkmaa&uwhhdnnﬂm
spomr/imestortoputupﬂusammmedadwcmhbﬂwmm
submersibles.




Appendix B. Site Reports - Russia 161

These marketing efforts are very difficult fo pursue since the present state of the
Russian economy makes:it-difficult to secure travel funds to go to the West for this
purpose. It was for this reason that Dr. Wilsh was asked to make a quick review of
their tourist submarine de#ign and marketing strategies and tactics. He has known
Mr. Brovko and Dr. Podrazhansky for over ten years, and they have had prior
communications about tourist submarines. There is no question that the Bureau/Rift
Ltd. combination can do this work. Furthermore, the estimated prices for each of
these submarines is well below the estimated cost of an equivalent submersible in
the West. : o

REFERENCES
Rift Tourist Submersible 20/100. Brochure.

Rift Tourist Submersible 6/600. Brochure.
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Report Author:

RTTENDEES

WTEC:

M. DeHaemer

HOSTS:

Valeryi S. Shevchenko Director, ROS Company
Entugiastov St.,, 8K, Rm 02
Dubna, Moscow Region 141980
Russia

Sergey Saltykov Signal Procusmg, ROS Company
Box 28 Dubna-1
Moscow Region 141980
Russia

Andrey Polevik Peleng Company, Special Construction Bureau
Senior scientist
INFRAD
c/o TECHNOPOLE

BACKGROUND

The Dubna Intemational Centre of Research and Technology Development,
TECHNOPOLE, is a trade group that represents several new start-up companies that

Koo cmimm e e
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(transducers and signal processors) and analysis software were developed at the
institute.

As a result of the downsizing of support for military applications and the reduced
support for other purposes in the constricting Russian economy, groups of scientists
and engineers have formed small companies in an attempt to commercialize their
technical knowledge and/or products for civilian purposes. Representatives from
four small acoustic product companies came to Moscow to brief a subgroup of the
panel under the TECHNOPOLE umbrella. The discussion of each company follows.

ROS Company

The ROS Company, which may be the oldest of the four companies, was the only
company with a product that was developed and ready for sale. ROS was
represented by Mr. Valeryi Shevchenko as a company with expertise in subsea
surveillance systems and communications systems. He and a colleague met the
team at the ROS Company exhibit at a communications equipment trade show. The
company exhibit was of hardware and computer displays for a seabed passive sonar
system. Thesystemwaslow&equency--lessmaanzuptoBkHz,witha
sensitivity of 260 microvolt/pascal.

The wet part of the system consisted of multiple hydrophone arrays; each array was
in a straight line with multiple arrays ganged onto an underwater data transmission
line. Arrays might have thirty or eighty hydrophones. From four to eight arrays
would make up the underwater systems. Analog to digital signal conversion was
provided at each hydrophone, and electronic to optical signal conversion occurred
in a regenerator at the array level to enable fiber-optic transmission to the shore
station. :

The dry part of the system consisted of a remote controlled power supply and an
acoustic data analysis and display system that used an 80486 microcomputer. Very
efficient data sampling, compression and analysis algorithms were claimed for the
system.which.wlth'!'MS%OS-sOchm»tornr:hfourarrm, enabled effective and
timely processing with a 486 microcomputer. 'Frequency, bearing, time, and target
location (depending on array layout) could be displayed for up to five simultaneous
targets per display. A database for classification of shipping targets is available from
ROS. Larger projection displays could be incorporated if desired. The wet system
could be retrieved and redeployed; the dry system is compact enough to reside in
a mobile van. Other characteristics are in Figure Dubna.l at the end of this site
report. Figures Dubna.2 and Dubna.3 are photos that show the hydrophone --
piezoceramic of about 1.8 inch diametet — and the hydrophone housing --
approximately 12" x §" x 2" -- which contains the hydrophone and the a/d signal
converter. '
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the characteristics of a patented cylindrical emitter, especially for use in seismic
operations.

The need for more durable electrodeshthesparherdavicehasbeensolvadby
encapsulating them in a special liquid in which the high powered slectric discharge
takes place. The power in a single pulse from this large device (1.2 m by .6 m and
-weighing 300 kg) is 6 KJ, which is hydraulically transmitted through the encapsulation
to the swrrounding sea. Operational depth is up to 200 m. (See photo and
specification in Figure Dubna.8.)

A high powered boomer induction pulsing emitter with a tunable frequency response
was described. The device was tunable to provide maximum amplitude in the low
frequencies -- 50 to 700 Hz. It was claimed to be the first such design available for
deep water use, that is, up to 300 m. (See photo and specifications in
Figure Dubna.8.)

Mr. Polevik has patented and produced a working model for a pulse resonant
transmitter with high efficiency. The transmitter has a flat characteristic curve in the
10 to 300 Hz range through the use of reactive compensation, and has output power
in the 3 k] range. The transmitter shown in Figure Dubna.? is electrohydraulic; it is
purely electric at low power and can be purely hydraulic at high power.

Finally Mr. Polevik discussed the proposed development of a low frequency active
array of cylindrical shapes that might be used for searching out oil and gas fields.
The array would be arranged to fit down an oil or gas well casing and would
operate in the 60 to 1,000 Hz range, with controls to produce a directed beam
pattern along a horizontal plane. The total system would also include a multichannel
receiver array. See Figure Dubna.8 at the end of this site report.

INFRAD Company

A senior scientist from INFRAD described the Argus system that is being developed
in partnership with other companies in the Dubna region. The Argus system
proposes to use sonar emission tomography for the detection of fish shoals, currents
and underwater waves, and sediment fallout rates. The proposed system would be
purely passive and would have a maximum depth of 1,000 m, with a monitoring base
line of 180 m that lies up to 200 km offshore. The pattern of surface noise would be
understood through array processing as fish, currents, or sediment, and could be
characterized as to depth, density, and school size of fish. The processing by each
array would require the characteristics of the conditions in situ. The spokesperson
for INFRAD explained that for about one year there had been basic work exploring
the fine structure of hydroacoustic fields to support the concept of sonar
tomography, but as yet there had been no funding to support experiments.
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O APPLICATION

The "Salma” and the “Semga” systems are most effective in continious all weather monitoring of acoustic noise
sources at the sea and In investigation of acoustic properties of marine environmeat and sea bottom structure.
The systems have the same structure: .
- underwater part ( hydrophone arrays, digital fiber optic communication line);
- on-shore part (interface, data processing and coatrol center, remote power supply unit).
I¢’s possible to install the on-shore part in premises or in truck (e.g. "KAMAZ").

The "Salma” is intended to detect and 1o control the activity of fishing boalts, seismic prospecting vessels,
drilling rigs and 1o protect 200-miles sea economic zones and state frontiers.

The "Semga® is intended to detect all kinds of vessels (including small motor boats) in marine nature reserve
regions, bays, straits, lakes, rivers and its outfalls especially during spawning. Due to its passive mode of operation
the "Semga® doesn't influeace on marine eavironment,

The “Semga” system's on-shore part has two modes of operation: 1) manual mode (with one or two operators
per shift); 2) autonomous mode (with transmission all necessary information and alarm signals to the data
processing and control ceater using available communication chanaels).

The system’s configuration depends from customer’s requirements. The manufactures commit themselves to:

delivering system's componeats to installation site; assembling, installating, tuning and verificating the system;
training the personal; providing technical service.

O THE TECHNICAL CHARACTERISTICS:

"SALMA" "SEMGA"
=~ underwater data transmission line fiber-optic fiber-opltic
— naumber of arrays, upto 8 4
— number of sensors in a single antenna, upto 80 30
— sampling rate in kHz, upto ‘ | 3
= dinamic range of recieved signals in dB, upto ' 100 70
— coverage in standard weather conditions (sea-state 3-4,

small vessels with radiated noise level about 1 Pa/sq.root(Hz)), km 200 100
— coverage area in the same conditions in sq.km upto 50000 : 1600
= max. installation depth in m, upto ‘ 1000 1000
— power supply in kW, upto S 1
~— on-shore equipment area in sq.m 30 12
O TERMS OF DELIVERY:

: , "SALMA" "SEMGA"

= price (underwater cable cost excluded) $3000000 $1800000
— delivery time in days 300 300

Figure Dubna.l. Seabed Passive Sonar Systems to Monitor Traffic and Environment in Economic and
Nature Reserve Regions SALMA and SEMGA
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The Geoton together with other eaterprises from Dubna, possesses everything
required to manufacture, deliver and install under a contract the SHELF Sea-Bed

Multichannel Seismic System to explore oil and gas on the continental shelf as well as to
monitor deposits being exploited.

The SHELF System is highly effective in a number of major activities of seismic
exploration on the sea shelf, such as
- detailed seismic exploration, including spacial approaches;
- long-term geophysical prediction; ,
- exploration under ice and in regions of heavy traffic;
- monitoring of deposits being exploited, including inspection of deposits’ outlines,
production volumes, etc.
The system consists of: : SRR
- ded sea-bed modules comprising a great number of seismic sensors connected with
combined. devices for analog-to-digital conversion and data compression;
- sea-bed digital data transmission lines with repeaters;
= & bilt-in checking and diagnostic system;
- field processing equipment to control, check and store information;
- a combined unit to mate the receiving sub-unit with the processor and to supply power.

Specifications:

arrays’ frequencyrangs .......from I up 1o several hundreds Hz

Dynamic range of signals (0 be received .........covusssesseesseres uptol15dB
Number of individual channels up to several ths
A single recelving module: length 0.8 km
number of channels : 32

Wet-end installation depth up 1o 1,000 m
Area covered. up to 1,000 sg.km

Figure Dubna.4. "SHELF" Seabed Multichannel Seismic System to Explore Oil and Gas on the Sea Shelf
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Submersxble capsule Electrode
Wlﬁ! i Lo . Systam : v - . R i :
of electric dlscharge , in submersible capsule

acoustic source

Techmcal characterlstlcs.

Powerin pulse ‘ooo; ------------ ; 0-00;-.00..’ ooooooooo sesnenne ssesseressacanss up m :- k. - .f;

Pulse repetition frequency sresess wssnennens UPI0 2 pu!sds )ers
Frequency IAREE  ceummsssseseser eeeeeee 50 - 3500
Operation depth ........ venine ' cerssesssgnrserse UP 10 zoa m
Voltage on electrode system from pulse current generator . 20 kv
Weight (in 8ir) ..c.ccovecieinnnas cosresnessasseseerasanssssasererenenis . 300kg-
Height rreresenessasnsiesisssaenes veevsesasasnenerese veerenerorensanees 1.2
DIBMELET cveevevereerivenssssarsssesesssasassssesanansssssassssestsssassns e 06M
RESOUICE wevvvnesonessssssssesesessssssssssssasssestssssssssssssssssssssesssess 108 pulses
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Technical characteristics:

L3 POWer inl PUISE c.vvvvernnecissiunusnncecssmnsesnssssssssssnsssssssssssssosrasssesssossssssns 3 K
O Pulse repetition frequUency ..............ceeeevereresseesssnseens 10 pulses per second
[ Frequency range ............oe.ecvviivccenenseeesssesssessassssesssessenss. S0 — 700 Hz
O Continuous operation mode

O Tunable energetic maximum in low frequency range

D3 Operating depth ........cuucueeeecreeeceenecesensneseseressssssessessessssseeseeseenees. 300 M
O Weight (i 8I) .uvveeeveceeeenenenesssssssssssnssssssssssssssssssssssssssessssssssces 300 KE
I o OO W T
D DIBHIELET ...ovveceveecirssecnsssenesrssnnssssssissssssssssssssssesssssnssenssssesssssaseses 0,6 M

Energy spectrum in frequency range Energy spectrum in frequency range
50-300 Hz 50-700 Hz

Figure Dubna.6. Electromagnetic Source of Underwater Acoustic Pulses

-3
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counterparts available:

operation depth - up to0 300 m
- pistoastroke-wpto.) 1Smm .
- number of transmitting pistons - 2 compensation;
- piston diameter - 300 mm —mﬂdmblymspedkmﬂcm
- compensation drum diameter Rs - 450 mm due to more effective use of the magactic
- max. heigth - 550 mm field volume.
= length - 700 mm
- weight - 200 kg

S
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Configuration
II’ - transmitting array control subsystem;

E - LF linear transmitting array with vertically controlled directivity
pattern; :

- multi-element linear receiving array; -
E] - computer centre (radiochannel provided).

Figure Dubna.8. Lowheqnemyl;ogmsmambSNchonandGu
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Date Visited: |
Report Author: ~ C.Brancant

C. Brancart TR SN e
D. Waish S e

esign and production organisation of space launch »
draft. Tthas played a key role in the Mirspace station and the

WTEC panel members understood that the topics of discussion would:include:

o Power and propulsion o Fuel eﬁlls
o Communications and sensors o Telematry R
o Control and automation o Hull and mechanical robotics (masiipulators)

The panel was met by the director of the agency and other association
members a business card; his expertise is in the area of fuel cells.) The language
barrier proved to be very difficult to overcome. The program plan was to view
hardware for cne hour and then have discussions for one hour.
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The viewing of hardware was very interesting. First panel members saw the museum
(open by invitation only) of the space program from Sputnik I'to the present. There
was an impressive array of actual hardware. The panel then went into the plant, a
positive pressure volume where white coats were required, to see the shuttle and
space capsules for Energia’s ongoing 8pace program. This is where the hardware
is checked out before going into space.

The general configuration of the hardware was similar to that in the United States.
The general area was much smaller than anticipated. Also, the general condition of
test equipment and test stands appeared to be dormant and dated; the hardware
was in a state of deterioration. The lack of funding was evident.

Following the plant tour, the panel returned to the conference room for discussions.
The institute’s representatives began the discussion with the question "What
problems may we solve for you?" 'The panel then proceeded to extract information
from the group. Panel members advised the Energia representatives of the panel’s
interest in space technology that could be applied to underwater systems and
environments.

Navigation

The discussion focused on the use of acoustics with GPS updates. There is no new
work being done in this area. The best estimate for system accuracy is +1 min 3
to 4 km.

Communications

Energia is conductingre‘search and dévélopment in the area of acoustics, but could
not tell the panel any specifics. Tests are now underway in fiber optics.

Energy

The agency’s scientists have been in the fuel cell business for twenty years. Their
space program has been using alkaline fuel cells. Energia’s scientists have been
working on a direct current (DC) power supply system based on electrochemical
generators with hydrogen-oxygen fuel cells for the Buran orbiter. This is the system
that the agency plans to use on small submarines. A technical paper on this topic
(in English) is listed in the references. o '

Panel members were also given a paper tha.t summarized different energy sources
in Russian. A rough translation of the information presented in the paper is provided
in Table Energia.l. :
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Site: ' - Energia Space Firm
. Plonerskaya St. 4
Kaliningrad 141070
Moscow Region
Russia
'hhplmu 008-881-0111
008-274-0028
Date Visited: May 17, 1993
Report Author: D. Walsh
ATTENDEES
WTEC:
R. Blidberg
C. Brancart
D. Walsh
HOSTS: |
Dr. Ing. Vicheslaw A. Nikitin Leader of the Laboratory, PSS Buran
BACKGROUND

These comments are a supplement to the report written by Mr. Claude Brancart, the
primary author.

Energia is the Russian institute for development and construction of manned
spaceflight systems (another institute is respomsible for unmanned systems).
Energia-developed spacecraft such as the Mir series have established manned
spacecraft mission records of many months. :Due to the relatively large size of
manned systems, Energia has developed the most powerful launching rockets (e.g.,
the Proton series) in the world.

The WTEC team’s interest was in spmcraﬁ synmms' components, such as life
support, compact energy sources, control designs, and so forth. Also, the team had
been informed that Energia was involved in the development of a manned
submersible with a company called Intershelf (see the report on the WTEC visit to
that company below).
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Currently Energia continues work on its Buran space shuttle system. The WTEC
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After visiting the construction hall, panel members participated in some brief
discussions about the WTEC: team’s gosls. Ten Energia representatives were
present in the conference room. Team members found that there did not seem to
be any technical areas of inferest (i.e., applicable to deep submersibles) that could
be considered innovative or unknown in the West.

Energia, like virtually all high-technology institutes in the former USSR, is suffering
from severe funding cutbacks. For example, their space shuttle has only flown
twice, and only once in the manned mode. However, due to the low cost and high
efficiency of their launch rockets, there is considerable interest in the West to
acquire lower cost launching systems for satellites. Also, Energia has been working
with NASA on the redesign of space station Freedom in an effort to reduce its cost.
While this institute is looking at diversification, the main future for its intellectual and
physical assets lies in cooperative (and funded) space programs with the West.

As the team left the institute, members were taken through the hall of history, which
displayed some very early photographs, records, and artifacts of Russian/Soviet
aeronautical, rocket, and space pioneers.

CONCLUSIONS

The -visit to Energia was very interesting, but it made no contribution to WTEC's
requirements. While Energia had received a set of WTEC's technical questions,
agency representatives did not directly address them at the meeting. They did
promise to send answers to the team in Moscow before the end of the week.
Additional information from Energia was relayed several months later via Intershelf,
as noted above in Mr. Brancart’s site report. This consisted of some corrections to
Tables 3.4 through 3.6, with the some additional information on Energia’s activities
in ROV development and ocean floor mining.
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B. Mooney
D. Walsh

HOSTS:
Professor Fiodor Bunkin

Professor Konstantin L. Voliak

, G,V issi + of the Institute: ©

Dr. Valery Petnikov Head, Acoustic Ocean Soum ﬁaboratory.
Department of Wave Phenomena
Professor Alexei Bunkin Senior Research Associate

Dr. Alexei Maliarovsky Senior Research Associate
BACEGROUND
The Institute of General Physics was founded in 1882. Its director is Academician

AM. Prokhorov, who shared, together with the American Charles Townes, the 1964
Nobel Prize in Physics for their work in developing the laser.
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by the Department of Wave Phenomena. This department is divided into seven
laboratories: ' g

Hydrophysics

Applied Optics and Ultraacoustics
Nonequilibrium Macrokinetics -
Laser Wave Measurement '
Acoustic Ocean Sounding

Physics of Liquid

New Radiation Detectors

0000O0O0OO0OCO

The team spent about two and a half hours at the institute. The entire visit was
conducted in Professor Bunkin's office, where the team was briefed on the
oceanographic-related work of the institute. The majority of this work involves the
use of lasers and low frequency acoustics to measure ocean processes.

Ocean Remote Sensing by Airborme Laser Systems

Since beginning work in 1983, the institute has developed and tested a multipurpose
airborne laser system that can detect the thermocline in the ocean down to depths
of 68 m. The laser platform (helicopter or aircraft) is at an altitude of 500 m.
Successful tests have been conducted in the Kara and Barents seas in the Arctic as
well as off the Kamchatka Peninsula in the Pacific Ocean. The original purpose of
the system was submarine location. This' is ‘accomplished by daetecting the
interference patterns in the surface and subsurface (on the thermocline) wave fields
due to passage of a submarine. : L

The airborne laser for this application is a:pulsed Nd:YAG unit with 700 millijoules
power output. For thermocline ‘detection the power level is 100 to 180 millijoules
(from the third and fourth harmonics of the primary power level) and a wavelength
of 632 nm. A 30 cm diameter mirror is used to reflect the laser output signal through
a transmitting telescope to the ocean and to receive the return signals.

Over 1,000 hours of airborne testing have been done with this system. Currently it
- is fitted into a Kamov KA-32 helicopter. - ° :

Oocean Surface Materials and Procssses by Laser

Through using different parts of its frequency band, this same airbome laser system
is capable of several different types of remote ocean-environmental measurements:

o Location of the thermocline :
o Location of near-surface scattering layers
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~cooperating with Dr. Lynch of the Woods Hole Oceanographic Institute (WHOD in
this work. Mr. Craig Dorman, Director of WHOI, and representatives of Science
Applications International Inc. (SAIC) have visited this laboratory.

The institute hopes to do work in the Arctic Basin for long range acoustic
tomography (perhaps in cooperation with Mr. Walter Munk's program). The Russian
equipment will be set up at North Island in Franz Joseph Land. In addition, the
institute plans to do shallow water propagation variation studies in the Barents Sea.

Atmosphere Ocean Communications

Academician Alexei Bunkin described some very new work the institute is doing with
an optical-acoustic communication system between submarines and aircraft. The
aerial platform would use a very high power, modulated laser directed at a very
small area of the sea surface. The power output of the laser would be high enough
to create mechanical surface roughness that could be sensed by the submerged
platform. Through signal analysis ‘of the aperiodic surface roughness, the
intelligence would be pulled out of the surface noise.

The submerged platform would use an upward directed very high frequency (100s
of MHz) sound source to create a similar roughness on the sea surface. This would
be detected by a high frequency, cross-polarized radar. The aperiodic roughness
pattern would then be converted into a communications signal.

To date, this concept has been tested from an aircraft at very low altitudes.

While it is clear that most of the work presented to the team was originally
supported by major Soviet Navy efforts to successfully do nonacoustic antisubmarine
warfare (ASW), the end of the Cold War has provided an opportunity to channel a
lot of this enormous investment into civil applications. If these laser systems can be
put into service for a reasonable price, then they could find wide use for commercial
fisheries development and marine pollution detection and monitoring.

The low frequency acoustics work, which contributes to the current international
effort in acoustic tomography, will be vital in helping to understand the global
climate system in terms of ocean warming and cooling.

As with some of the team’s other site visits, the information given to the team was
very interesting and often surprising. As scientists and engineers, team members
could certainly appreciate the emergence of so many things that had not been
revealed previously. Unfortunately, much of this information was not relevant to the
WTEC charter for assessing deep submergence technologies in the former Soviet
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Site: Institute of Applied Physics (IAP)
- Russian Academy of Scisnces
48 Uljanov Strest
Nishny Novgorod 603600
- Rumela :

Telephone: 6312-380689

Telex: 181129 FIZIK SU

Fax: 8312-980717
Date Visited: May 18, 1993
Report Authors: B. Mooney and D. Walsh
ATTENDEES
WTEC:
B. Mooney
D. Walsh
HOSTS:
Andrei V. Gapanov-Grekhov (Academician) Director, IAP
Professor Lev A. Ostrovsky Head of Laboratory
Dr. Mark M. Slavinsky Deputy Director of Hydrophysics and

: Acoustics; Head, Dept. of Ocean Acoustics

Dr. Victor I. Turchin Sr. Scientist, Vibroacoustics Laboratory
Professor Litvak : :
BACKGROUND

The first event of the visit was a 45-minute meeting with Academician Gapanov-
Grekhov to discuss the WTEC program and; in general, the ocean-related work of
his institute. This meeting was also attended by both Professor Lev Ostroveky and
Dr. Mark Slavinsky. . ;

The Institute of Applied Physics (IAP) works in both fundamental and applied
research areas. There are five departments in IAP:

Plasma Physics and High Power Flectronics
Hydrophysics and Hydroacoustics

Solid State Physics

Engineering and Physical Department

The Central Department (institutional support)

00O0O0OO
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The director discussad:the . ocean-related activities of these depmms and
providadthepamlwithahoekletprovid:mthesme information.
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Signal processing

Radar and optical (e.g., laser) systems
Physical modeling of the oceans
Mathematical models of the oceans
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propulsion devices.
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Prior to leaving the institute, the panel again met at the director’s office for final
discussions. He mentioned that he is Chairman of the State Committee of
Hydrophysics, and that this keeps him involved with related work in other Russian
institutes. This also gives him a major voice in the directions that Russian
hydrophysics will take.

In the visits to the laboratories and offices, the team was briefed on the following
areas.

Stratified Fluid Tanks

The Hydrophysics Laboratory at the IAP has two tanks that permit experiments in a
two-layered stratified fluid system. The smaller tank is 8.8 x 3.3 x 2.7 m and the
larger is 20 x 4 x 2 m. In operation, the lower layer of fluid is cooled and the upper
is heated to provide a temperature difference of up to 16°C and a maximum gradient
of 0.6°C per cm. Once the layers are established, the stratification can remain for
prolonged periods without much additional heating and cooling.

In both tanks it is possible to circulate the two layers independently. In the large
tank, wave-making devices can excite either or both layers. In this way, internal
waves can be induced in the tank. The wave-making device can vary force from a

few grams to 1 kg. '

A towing carmriage permits experimentation with how various shapes (such as
submarine hulls) interfere with the stratified system, and whether this interference is
measurable at the surface. The panel saw a tow model whose shape appeared quite
close to a U.S. Navy SSBN. Carriage tow speeds can be varied from 1 cm/sec to

1 m/sec.

The Department of Hydrophysics and Hydroacoustics is working on remote
diagnostic methods of detecting submarines; low frequency ocean instrumentation;
low frequency phased arrays, antennae, and projectors; methods of determining
depth; and locating submarines and ocean‘ phenomena using radar and optical
systems. The department is experimenting with a synthetic aperture radar to detect
the surface wave reduction "scar" or “slick" caused by a moving submarine. The
scientists and engineers claim that a moving submarine alters the normal internal
wave pattern and that by use of a synthetic aperture radar, scatterometer, and
passive optical devices, the intemnal relationships between surface waves and
internal waves can be measured. j
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of 10" pulse duration, and concentrated energy of 10" W/cm ("Star Wars"
technology). o

It was clear that a three-hour visit to the IAP was insufficient to get into very much
detail about the programs and devices being developed by this institute. It was also
clear that everyone the team met there was most cooperative and interested in
informing team members about their work. Due to time constraints, the team was
not able to spend much time at each office or laboratory. A detailed visit to IAP
should occupy two to three days. The panelists were impressed by everyone’s
eagerness to establish working arrangements with Western research institutions and
commercial companies.

Institute of Applied Physics of the Russian Academy of Sciences. Descriptive booklet
on the IAP.

“Hydrophysics Laboratory of the IAP." Description of the IAP’s two stratified fluid
tanks.

"Universal Acoustic Doppler Current Profiler (ADCP)." Brief description of the
system. '

“The Acoustic Source Image Reconstruction from the Near-Field Measurements."
Theory, design, and description of the mobile acoustic array.

"A Computer Ship Complex of Remote Sensing for Investigation of Ocean Subsurface
Processes.” Describes the multisensor shipboard system for measuring man-
made or natural aperiodic surface roughness.

"Activities and Organization of the Hy&ophwia Scientific Council of the Russian
Academy of Sciences."

Division of Hydrophysics and Hydroacoustics. Pamphlet.
Deep-Water Self-Sustained Station MDS-48,
On-Board Control System BSU-1,2.

Noise Suppression Problem. Proposal.
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sheskaya St. 11
Moscow 118114
Fax: 250 23 01
Telex: - 411763 SHELFSU
Date Visited: May 17,1983 |

KTTENDEES
WTEC:

R. Blidberg
C. Brancart
D. Waish

HOSTS:

Sergey Yu. Karev A Director
Andrey V. Nesterov Moscow Subsidiary Director
Valentina N. Telnova

jubsiciaries, 18 offices, and a total of 300 people. In the
WFECvakMW,tobeammmeatmdendmeﬁnqoﬁee.
Fabrication " is :done ‘elsewhere. The discussions conducted were related to
Intershelf’s underwater hardware capabilities.

In a development subsequent to the WTEC pansl’s visit, a new Russisn-British
company, Elvi-Intershelf, was registered in October of 1993, with Sergey Karev as its
Director. All of IntershelPs projects in subsea vehicles, tourist submarines, and all
defense conversion contracts have been transferred to the new company. Elvi-
Intershelf is looking for additional Western partners, offering access.to CIS markets
and resources (including the possibility of oil and gas development).

I e T
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RESEARCH AND DEVELOPMENT ACTIVITIES

Numerous brochures were providéd,‘md the 'pénel viewed a video of Intershelf’s
underwater crawler program. Information on Intershelf's systems are presented
below.

Crawiers

Crawlers are tracked devices with various payload configurations. Intershelf has
developed on paper a complete line of underwater crawlers in the one-ton, eight-ton,
and thirty-ton categories. Brochures were presented for the various sizes and
concepts. In 1991, Intershelf fabricated and tested the Beta unit, an eight-ton vehicle.
There appeared to be no sophisticated control or other support systems.

ROVs

Intershelf has developed the Fish series of remotely operated vehicles (ROVs).
These ROVs are very similar to available hardware.

FISH 108

The Fish 102is a small ROV with a 100 m operating depth. Its basic dimensions are:
35"x 18" x 14" and 38 1bs in air. Negotiations are underway with a Western
distributor. The price was estimated at approximately $20,000.

FISH 108

Fish 103 is a larger ROV with basic dimensions of 24" x 16" x 10" and 106 lbs in air.
It is rated for 6,000 m operating depth. This vehicle has been designed to operate
from a large underwater garage assembly or from another manned vehicle because
of its 100-ft long umbilical. The vehicle was used to survey the downed Russian
submarine Komsomolets. The Fish 108 hes a price tag of $80,000 (presumably
without the underwater garage assembly).

Others

Diver TV. Intershelf has hard-canned underwater TV systemé for use by divers. The
black and white version sells for $2,000 and the color version sells for $4,000 to

$8,000.

Tourist Submarines. Intershelf has designed a ten-seat underwater tourist submarine,
the SubTour 10/100. The vehicle is available for sale for $900,000. The submarine
is to be certified under Russian guidelines, which the panel was told is comparable
to ABS, DNV, and/or Lloyds of London. Intershelf firmly believes that there is a
market for these vehicles.



pricing its products paraliel to comparable Western units and not what it would cost
the company to fabricate the units. Intershelf's strongest move would be to lower

The director-sdvissd the team that Inteushelf is warkifg on a disc that will describe
its underwater hardware, design concepts, and capabilities. The panel was advised
that the company would send one.

REFERENCES

J.P. Kenny Intershelf. General Capébﬂity Brochure. Topics include: offshore design
and project management, production, marine operations, undsrwater
equipment, and underwater robotic sysbma

Conoept Drawings. Surmary of 1-, &, and 30-ton Bottom Crawler Setiss. Includes:
Alpha(Btom).Bm(Btom).deumm(sOm).

Fish 102 Brochure.
Fish 108, Brochure,
SubTour 10/100, Underwater Touriat Submarina brochure,

o
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Site: Intezshelf (J.P. Kstry Intershelf)
Kozhewnicheskaya St. 11
Moscow 118114 "
Russia

: 008-235-0083

Telex: 411762 SHELFSU
Fax: 098-238-8287

Date Visited: May 17, 1993

Report Author: D. Walsh

ATTENDEES

WTEC:

R. Blidberg

C. Brancart

D. Walsh

HOSTS:

Sergey Yu. Karev Director : :

Andrey V. Nesterov Moscow Subsidiary Director

BACKGROUND

J.P. Kenny Intershelf is a joint venture company formed in 1888 by J.P. Kenny Group
of Companies of the United Kingdom and two Russian partners, Moscow Institute of
Civil' Engineering and Promstroibank. Tlisir basic business is to provide
enginesring, economic, and management services for oil and gas development
onshore and offshore in the CIS. Intershelf has 300 employees at nine locations in
Russia, Ukraine, Latvia, and Dagestan.

While the CIS joint venture has eight divisions, of specific interest to WTEC are
J.P. Kenny Intershelf's Underwater Robotic Systems and Underwater Equipment
Divisions. This emphasis in the USSR/CIS began in 1989. While it was not clear
from the business cards which division the panel was visiting, the principal
discussion topic for the visit was undersea equipment.

This was only an office visit: lunch was provided, but the team saw no equipment
or laboratory or production facilities. Although from one to four Intershelf
representatives participated at various times in the meeting, Mr. Sergey Yu. Karev
acted as host and moderator of the discussions.



WMWW&mm.mm Thisis nota
puﬂcuiulynewﬁachnology;suchw!ﬁchsmopen&omlinmem

From these discussions, it was not clear if such technologies have been ,de’vaioped
in Russia or elsewhere in the CIS.

ROVs
In addition to the brockure pictures of the seafioor ROV, panel membeti received
product brochures and saw videotapes for two other ROVs, Fish 102 and-Fish 1083.

Work began on these vehicles in the USSR in 1979, so these represented
technologies imported into the J.P. Kenny Intershelf joint venture. ,

Fish 102is an open frame ROV that appears similar in design to the eatly Shantom
ROVs developed by Desp Ocean Engineering in Oaldand, Califemia. Its
operating depth and carriss a black and white TV camera. The price is roughly
$20,000, and twelve to fourteen have been sold.

Fish 1038 a deep diving (6,000 m) ROV that was used to explore the wrsck of the
lost Mike class nuclear submarine Komsomolets in the Norwegian Sea. For this
: ] { b a"ul €1 Y- tw l ﬁ‘d

o

&

f By poople,
and depth ratings from:80 m to 600-m. . The company is prepared to mat, lease, or

joint venture with operatess of the submarines. -
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Miscellaneocus

Underwater TV System. The team was given a brochure on Intershelf's Diving TV
Systems (DTVS). Designed for operations to depths of 80 m, these systems come
with a 100 m umbilical. There appear to be three versions of the camera system,
with resolutions ranging from 200 to 450 lines per inch. The cameras have a single
light mounted on top of the housing. The lowest price for a black and white system
is about $4,000.

Product Data Diskette. Mr. Karev said that Intershelf is now producing a data
diskette that describes all Russian suppliers of undersea equipment. He hopes this
will help in marketing the company’s undersea equipment to the West. The panel
asked to receive copies of the diskette when available.

This office of J.P. Kenny Intershelf appeared to be largely concermned with the
promotional and marketing aspects of its undersea technologies. With perhaps the
exception of the diver TV system, it did not appear that Intershelf had directly
developed any of the equipment shown to the panel. Since the major foreign partner
is a United Kingdom company, there should be good access to westermn markets
through J.P. Kenny.

Although J.P. Kenny Intershelf showed the panel ideas, concepts, and hardware for
ROV and passenger submersibles, no information was provided about autonomous
unmanned vehicles. The team assumed that this is not a major commercial
development direction for Intershelf at this time.

J.P. Renny Intershelf. Corporate Brochure.
Fish 102 ROV. Product information sheet.

Fish 103 ROV. Product information sheet. -
Diving TV Systems. Product infonnatign sheet.

Subtour 10/100 Tourist Submarine. Brochure.
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Site:

Andrei Voronov | " Director .
Alexander Finkelshtain Technical Director .

Intershelf. It is a joint venture company that pulls together Russian and British
interests in underwater technology. The British partner is J.P. Kenny of London.
The company specializas in subsea vehicles and submersibles, and has &'marketing
mmmmm,g.mwmm,mmmm The company
started in 1990 with three people and has now grown:to eleven pseple. The
company currently produces two products: a hand-held TV camera that is used by
divers, and a small remotely operated vehicle.. ~Intershell also designs
electromechanical, optical, and acoustic pipeline inspection systems. Intershelf
would like to evolve to include environmental monitoring in the future.

ESEARCH AND DEVELOPMENT ACTIVITIES

sells for $14,000, including cable handling, topside control, and a spare parts
package. It only weighs 18 kg and can be launched by hand by one person. The
company has sold fourteen of these vehicles to date.

sty
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Intershelf’s other product is a diver-held TV camera and light. This is similar to the
camera and light on the Fish 102 ROV system.

The team also saw a video of the vehicle Fish 103, This ROV has an operational
depth of 6,000 m. It was installed on the submarine, Mir, and has been used on
several of the Mir dives to inspect the sunken submarine Komsomolets. Subsequent
to the WTEC panel’s visits, in August of 1993, Fish 103 was involved in three dives
to Komsomolets, during which time the ROV penetrated the first compartment of the
stricken submarine, operating there for a total of 8 hours and recording 4 hours of
video. The panel saw the body of this vehicle in the laboratory.

Intershelf builds most of the vehicles, including the electronics, in the compahy’s
laboratory. ‘

Intershelf is a small entrepreneurial division of a Russian-British joint venture. It is
positioned to tap into the vast base of skill and knowledge of underwater vehicles
that exists in St. Petersburg. It has developed a couple of initial products and is
beginning to work with Intershelf's main division on marketing, sales, distribution,
and support for its activities. '

Fish 102M appears to be similar to other current low-cost ROVs on the markn:.

REFERENCES

Intershelf. St. Petersburg Press Release.

Intershelf. Diving TV - Systems Specifications. Brochure.

Intershelt. Deep-Water Surveillance Complex Fish 109M, Brochure,
Intershelf. LC ROV Fish 102M Brochure. |
Intershelf. High Resolution Side Scan Sonar. Brochuta
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Site: . . Fherax Compeny Ld.
Gogol St. 18-20
$t. Petersburg 160000

od: i May 20,1988 s

ATTENDEES
W'IEC:

N. Caplan
A Kalvaitis
M. Lee

HOSTS:

Michael Giers ' ~ Director, Chief-Pilot Submarim
Svetiana Giers Vice Manager

Igor Brauhnﬁav Viee Managar

Professor Glosman Mikha:l St. Petersburg Admxralty Shipyard
Sapelov Pavel Giproribflot

Kharax is one of the first private corpanies: in Russia that is ent din
submersible vehicles, Mdﬁ mmmmw
makxtmnvahxchs&omaﬂomﬁuewoﬂd. MBM&Q&WNQI
building an underwater tourism center. This'is asically -8 1sege ship’
equipment for subsea expeditioris:af all purposes. : ’
tolookfortheloct!o:ean?ﬂakhr Cempmymumﬂmmdnpml
book on this operation. 'l'haorgamnﬁomhsspemmntemploymmdanoﬂ\er
180 people who are employed in a jobshop structure.
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The company’s main product is a deep diving tourist submarine. A picture of the
model of this vehicle is included below. This vehicle is being designed to hold six
persons plus two crew members. The féature that makes this vehicle different from
other tourist submersibles is that it is being designed to go to depths of 300 m. The
vehicle sells for $780,000, including the launch and recovery system. Kharax will
also provide operators and support for the vehicles. The company’s marketing
analysis shows that there is demand for such a vehicle.

Kharax also described an underwater tourist center that the company is proposing.
This center would have accommodations for more than 40 persons; it would also
have an underwater restaurant and diving facilities.

Kharax also provides operations support, maintenance, and logistics and planning
support for existing vehicle systems.

Kharax is an entrepreneurial organization that has brought together talent,
experience, and drive, and focused it on the objective of building a business around
manned submersible technology. The company has its first product design well
underway. Kharax has a small core of people in the organization’s base, and
jobshops out as many activities as possible. The company has an experience base
that includes many innovative new concepts that it feels will bring success in this
new enterprise.

Leisure Submersible Apparatuses. Brochure.

Center for Underwater Toun’sm. Brochure.



28

Date Visited: May 17, 1993
Report Author: L. Gentry

Borisov to appraise the WTEC panel of the plans and present
itmcmhm.w,mmeﬂmmﬁﬂnmmhmmt
a possible meeting site at short notice. Members of the professional staff of the
Shirshov Institute were also present, including the director of the institute.

Dr. Borisov was accompanied by Mr. Igor Abramov, who represented the Russian
a united front for the new committee's message. The team was impressed by the
emphasis of the two speakers that a joint concem of both President Yeltsin and
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Parliament exists, and that both are agreed about the urgency of doing something
soon. g o

The meeting, which was interpreted, lasted about 40 minutes. No technological
information was conveyed. However, the message was clear that the Russian
government is serious about the issue of ecological contamination, and also that it
sees the problem as an international concem requiring cooperative funding. A brief
discussion between the panel and the two committee representatives to clarify issues
and identify future activities followed Dr. Borisov’s presentation.

RESEARCH AND DEVELOPMENT ACTIVITIES

No details on the commiittee’s plans for research and development were presented,
although Dr. Borisov. implied that they have opportunities to transfer highly
developed ‘military technologies and systems to support KOPRON’s work. He
specifically mentioned capabilities to locate:and encapsulate radioactive debris on
the ocean floor. He said he would provide furflier information on what technologies
are available to KOPRON later in the week before:the panel left Moscow. Although
he attempted to contact the panel later in the week, no additional information was
received. He also indicated that he planned to deliver a paper at a conference to
be held on 6 June at Woods Hole Oceanographic Institute. - A close working
relationship has developed between Dr. Borisov and WHOL He indicated that
representatives of KOPRON were expected in Russia the week of May 24, 1993.

Dr. Borisov described hisConunittee-f& Underwater Operations of Special Purpose
by making the following points:

- i T R -

o The committee has recently been formed by the Russian govermment to plan
and direct efforts to remediate or eliminate scological hazards resulting from
items that have been dumped in the seas (e.g., sunken nuclear submarines
and chemical munitions). The organizing committee will be chaired by
Dr. Borisov, who personally has over ten years of experience in this area and
is a corresponding member of the:Azademy of Technological Sciences of
Russia.. Formation of the committee will:be ‘announced soon in TASS and
through formal channels to the international community. The committee will
also soon have an exclusive license to let contracts for underwater work in
Russian waters. : : :
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o Mdﬂum‘imludu
- Ecological field work
the eflects of potential eco-disasters
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Norwegian Sea.
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decide on methods and unique equipment requirements. The fotidation will
also take the early step of ecological monitoring, wluchwmbogin in the
Russian Arctic and at the site of the Komsomolels.
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Mr Abramov then was introduced to speak for the Commiﬂncfoxaabme and
Security. He made the following points:
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o “This (tho foundation) is a good area for cooperation. It is a good field for
cooperation between all forces for peace. My committee (of the parliament)
will be very cooperative.”

o He cited the concern that we are "approaching ecological disaster day-by-day
and this effort is the best step to take concrete action against the ecological
bomb that has been set with disastrous consequences for future generations.”

o He also said that "we have a good opportunity to find joint solutions. With
concrete results in this area we can speak on other areas."

In the general discussions that followed, Dr. Borisov asked for assurances that his
remarks would be in the WTEC panel’s report. Dr. Seymour, the panel chairman,
then explained that the WTEC charter is to evaluate undersea technologies, and not
to report on programs or ecological issues. ‘'However, he was told that his remarks
might be included as a general site report in the appendices to the report.

Dr. Borisov mentioned that numerous technologies were available for the planned
work, but when pressed would not be specific. He did allude to technologies for
location and encapsulation of radiation sources, and for cutting apart structures
using explosives.



N.Caplan
M. Leo
Oleg M. Paliy | Professcr, Dir. of Tech. So., Head of Ship Hull

and Structure Division
Evgeny L Lapin Head of Foreign Relations Department

Krylov is the principal shipbuilding menrchkwﬁnmhm Originally it only did
work for the Soviet Navy. Now work is done at Krylov for all disciplines of ship
science. The institute has seven divisions:

l. mwwm.mmsmmmmmm
concepumldasigmfoxslﬁps.andhandleshmproposdsmofslﬁp
design. This division was originally responsible for all shipbuilding in the
USSR

2. Hydro- and Air Mechanics Division. This division is responsible for
hydrodynanﬁcandumdwmnicmdngmddesm

3. Strength, Vibration, and Structure Division. This division is responsible for
design and test methodology for materials, fabrication techniques, and
structures.

4. Acoustics Division. This division is responsible for minimizing noise emitted
from ship systems.
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8. Nonacoustic Ship Signatures Division. This division is responsible for
minimizing electromagnetic noise from ship systems.

6. . Marine Power Plants Division. This division is responsible for all aspects of
power plant design and integration.

1. - Nuclear Power Plant: bivisaon This division ﬁ responsible for all aspects of
marine nuclear power plants, including shielding, safety. and control.

Krylov also has a large worleshop and model- making capabdity that supports all of
the divisions.

Krylov has 8,000 employees, 2,800 of whom are employed in research. The institute
has a very large facility that covers 80 hectares. The institute is considered very
similar in facilities and in organization to the David Taylor Naval Research and
Development Center’s laboratories in the United States.

RESEARCH AND DEVELOPMENT ACTIVITIES
Tow Tank Test Environment |

Krylov has a wide variety of test environments. There is a linear tow tank 1.4 km
long, a circular tank, and a tank for testing simultanecus. response to wind, waves,
and current in a seafaring test tank. There is a high-speed test tank for testing
hydrofoils and other high-speed designs. There is an ice model test tank to evaluate
effectiveness of ice breaker designs, and a test environment for testing air/water
interaction for ground effect aircraft, and so forth. There is also a propeller design
test environment specializing in anticavitation, and air and water interactions such
as in a hydrofoil design.

The panel members were able to visit the structural test facility and the pressure test
facility. Krylov can test and life-cycle full-size structural components. The institute
has a laboratory with a reinforced floor, reinforced walls, and an overhead crane.
Krylov has a large hydraulic power source which can drive up to 96 channels with
up-to a total of 18,000 tons of force. or40to$00tons/chamel The institute also has
an automated computer control system and a.3, 000 point data acquisition system.
This facility has the capability of studying crack initiation and propagation using
acoustic emissions. It also has the ability to control temperature of the material
under test down to -110°C. The panel saw a large structural member that was being
life-cycled for certification of the design by Lloyds of London.

This facility is available to subcontract test services at 31.500 day and fabrication of
test structures for about $0.50/1b.
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Krylov is analogous to the David Taylor Naval Research and Development Center
in Carderock, Maryland.

Krylov Shipbuilding Research Institute. Brochure. 1990.

Proceedings of the Last Intemnational Ship Structure Congress. Includes two papers
on Krylov and its capabilities.

The Marine Engineering Review recently published an article on Krylov.
"Russian Shipbuilding Standards." Includes descriptions of Krylov’s testing methods.

"International Towing Tank Listing of Facilities."
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Kurchatov Square, 48
Moscow 123183
Russia
Date Visited: May 19, 1993
Report Author: | D.Walsh
ATTENDEES
WTBC:
B. My
D. Walsh
HOSTS:
Dr. George Alekseievitch Gladkov  Chief of Department
Dr. John Iakubovitch Nafilkov Chief of Experimental Installation
Dr. Eugene Petrovitch Kaplar Scientific Advisor of Project "Helena"
Dr. Viatcheslav Petrovitch Kuznetsov Chief of Laboratory, Executive Secretary of
ROSSHELF Company
BACKGROUND

The Kurchatov Institute, located in Moscow, is one of two Russian institutes that
design, construct, and operate nuclear power reactors. There are seven reactors
currently operating at this site. The institute employs about 10,000 people on a
campus-like area consisting of 183 buildings. The WTEC team was at the institute
for about three hours.

One of the hosts, Dr. George Gladkov, is a recipient of the Order of Lenin, the
USSR’s highest personal award. The award, which designates him "A Hero of the
Soviet Union," was presented to him for his efforts in designing the icebreaker Lenin.
The hosts proposed that two topics be addressed during the visit:

o Deep submetgence development on the continental shelf
o Thermoelectric installations for undersea energy

In addition, the panel hoped to get more information about the reactors Kurchatov
was developing (or proposed to develop) for the submarines/submersible concepts




Appendix B. -Site Reports - Rusaia 209

proposed by the Lazurit Central Design Bureau. However, only thermoelectric
power sources were discussed during the visit.

Kurchatov’s scientists and engineers had dmloped one small thermoelectric power
source and had completed the preliminary design for a larger unit. The general
specifications for these units follow.

Gamma 8 KWe Power Source

Development of the Gamma 6 kWe power source began in 1870, and the unit
became operational in 1982. The reactor was constructed by Izot in St. Petersburg.
Although the design is rated for unattended operations at 6,000 m depth for ten
years, this prototype unit has been operating at the institute in a test cell (see Figure
Kurch.1). At full power, the life expectancy of the Gamma 6 kWe power source is
about ten years. Consequently, this unit will probably be retired in the next two to
three years. :

This thermoelectric power source produces 6 kWe of electricity and 200 W of heat
energy. It has no moving parts, is self-regulating, and uses natural circulation.
There are 24 thermionic (heat to electricity conversion) elements in this unit. The
radioactive source is UQ,, with less than 20 percent enrichment (and thus is not

weapons grade material).

The primary construction material is titanium. There is no problem with operations
at depths greater than 6,000 m if ambient seawater circulation is used for cooling
(rather than the present internal freshwater cooling loop). Gamma will fit into a
cylindrical space of 2.8 m diameter and 6 m height. The weight would be 10 to 12
tons. : . ; .

Helena 100 kWe Power Source

This is a proposed power source; none has been built to date. It works on the same
principles and basic design as Gamma, but has 300 electrical generating elements.
It also has the same 6,000 m depth rating. The price would be from $6 to 8 million
per unit (see Figure Kurch.2). , :

In addition to the 100 kWe electrical power output, the unit also produces 3,000 kW
of thermal energy. For on-land applications, Helena would be made of stainless
steel. Its weight would be 200 tons (100 tons of which is cooling water) and it would
require a space 4.6 m in diameter and 12 m high. Use of more expensive titanium
would reduce the structural weight by about 40 percent (4.5 grams/cm?®). B,C is
used as the moderator. The temperatures are as follows: Phase I about 320°C,
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data to the central monitor via satellite. Should trouble
could shut down any individual reactor.

take 1.8 yoars for'thaninm and tiiriiass ste
dhpudmmodmuldﬁqﬁmhavhmﬂ\emﬁthplweforﬂﬁspeﬁodofﬁmbdom
recovery and scrapping would take place.

Lasusit, was a. frequent visitor to- Kurchatov, and that he was there the day of the

team’s visit. Apparently the s'uhmirine/submeuible'reactor work is done by another
group at the institute.

Secretary of the: Riissisn Shell-Develop e Zﬁ;‘x F) Company, there .were no
smiall reactors, both fixed and in & submarine, the WTEC panel members thought it
unusual that Dr. Kuznetsov did not offer to answer questions regarding cooperation
between Lazurit and Kurchatov.
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Nikolai 1. Kvasha Designer General; Dir., Central Design Bur.
Stanislav A. Lavkovsky Deputy Director and Designer General for
. Offshore Technologies
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pressure hulls of two Sierra class submarines that were outside the building hall at
an adjacent shipyard. He said that they would not be completed and that the hulls
would be dismantled.

The briefing began with remarks by the CDB Director, Mr. Nikolai Kvasha. First, he
made it very clear that a four-hour visit to Lagurit was simply not enough time to
cover all of the topics listed in the WTEC list of questions. Such an inquiry would
réquire at least a week. Since he felt that the team woulkd receive only a very
superficial briefing in the time available, the WTEC questions were not addressed
directly during this meeting.

Because government (i.e., Navy) funding has been cut significantly, Lazurit is now
busy trying to commercialize its capabilities. But the process is slow and some
reductions of personnel have taken place; additional reductions are anticipated.
Director Kvasha also said that the bureau has been receiving a lot of foreign visitors,
but almost none of these visits have resulted in new business for Lazurit.

Next Director Kvasha reviewéd current activities at the bufeau. Some of the new
directions are:

o ROSSHELF seafloor-based oil and gas production sys@ni for ice-covéred
oceans. , :

o - Diving support ship. |

o Fishing vessel (there was a model of this on dispiay).

o Ocean drilling ship for scientific mmh

o Truck-mounted, portable hyperbaric medical system (there was a model on
display).

o A variety of manned submersible designs, ranging from a 130,000 ton nuclear-
powered submarine container ship to a one-person recreational submersible.

Director Kvasha said there were 30 manned submersibles operating in Russian
waters and that Lagurit had designed 24 of them. Of the approximately 20
submarines/submersibles shown in the éonference room, only cne seemed familiar.
This was the submarine rescue vehicle, which is similar to the U.S. Navy’s DSRVs.

After a four-hour briefing in the conference room, the team had dinner at Lazurit with
the director and several members of his staff. The team did not visit any other
facilities at this site.
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o  VNIPMORNEFTGAS (cfishore oil and gas engineering development)
L] Others T . . - ‘

anent has given the rights to the Stockman Field (expected to have

:aderician E, Velikhov, Vice President of
the Russian Academy of Sciences and Director of the Kurchatov Institute (nuclear
reactors). mntnﬁmgrouphnﬁnlyueﬁnqmmwpmde

mcomhlwﬁhabsﬁtatadp&dfi@bf@mn@dwﬂlbpowedbya
nuclear reactor on the seafloor. A nuelear submatiny tad for crew
be built to assist with seafloor operations and rescue in case of emergencies. There
also has been some discussion about building a nuclear powered tanker for
transport.

development afaptimal sngineering selutions o engure. relia ,
underwater camplezes and the laying of pipelines to tratwport the produced gas.

It was mentioried that the missile section of a Typhoon class SSBN could be adapted
for some of the ssafloor modules in the complex. , : .

For testing purposes, ROSSHELF plans sarly creation of an *experimental-and-
industrial® (pilot) complex rated at 10% of the planned capacity of the field, to
include U.S. and other intemational participation. Once funding has been secured,
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it is estimated that full development of the first industrial seafloor complex will take
10 to 12 years and approximately $18 to 19 billion. The pilot complex could be
completed in 7 or 8 years at a cost of about $2 billion. Both of these time and cost
figures may be optimistic.

Oocsan Shuttle

The Ocean Shuttle is proposed as a built-for-the-purpose, nuclear-powered
oceanographic research submarine. It is to be a 1,300 ton, 600 m capable
submarine, carrying a crew of twelve plus eight to twelve scientific staff persons for
a maximum mission time of sixty days. One of the models on the conference table
was of this submarine.

This originally was a joint USSR-Canadian program. Lasurit planned to design the
hull and major operating systems, which would be built in the Soviet Union, and the
Canadians would supply the nuclear reactor. Unfortunately, the breakup of the
USSR resulted in this program being postponed indefinitely by the Canadians.

However, in the United States (in the Office of Naval Research and at the Woods
Hole Oceanographic Institute) there has been some interest in getting a retired
Soviet nuclear submarine and converting it for horizontal oceanography. The Lazurit
Design Bureau believes that a newly built vessel would be cheaper and more
efficient. The estimated cost for the Ocean Shuttle would be $100 to 160 million if
the Canadian reactor were used and $60 million if a Russian reactor were
substituted. When asked about the latter, the team was told to obtain this
information from the Kurchatov Institute. :

The team was shown a brief video tape that showed some artists’ sketches of the
Ocean Shuttle. Of interest was their showing as one of the key program documents
an American study on the marine science rationale for this submarine. As the
narrator said, it was done by Don Walsh, a member of this WTEC site visit team. He
‘did this work about three years ago for ECS Group,the Camdiancompmythat did
the nuclear reactor development. - :

Although it appears that this proposed project is:stﬂlrin the édhceptlml stages, it has
a lot of powerful friends in the Russian oceanographic community. However, the
funding for a project as large as this must come from the West.

Submerging Ship Platform

The submerging ship platform was developed to find a way for submersibles to work
under ice or in areas of heavy seas, and to be safely launched and recovered at
‘each end of the mission. It is designed to be a launch and recovery system that
would permit manned submersibles to fly off the deck of the ship while submerged.
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from the deck of specially configured India class submarines, also designed by
Lagurit. :

The submerging ship would be able to conduct these operations down o 180 m, or
it could do this while anchored submerged. It would be able to carnry two manned

Ofehwnsubtm:siblemodohonh conference hﬂe.shmm}ahmaﬂm

concepts. The designs ranged from conservative, large (forty to fifty passengers)

with speed of up to 25 kis featuring a side-by-side

trire (cantral) hull being a small submarine capable of detaching ene

autonomously. Other concepts are ﬂmﬂaﬂbyd.al-ohcﬂicm plants.

military helicopters. Lazurit has developed the engineering design of its first all-
glass submarine. With a capacity of forty-eight passengers and diesel-electric
propulsion, the submarine would require about two years to build once an order is
received. ,

Central Design Brireas; the submarine bagan. apecations in 1983 at Antigua in the

ribbean. Whils the tourist submaring industry has done fairly well in the West, the
buresu needs to be careful with its market analysis. The mariet for large tousist
submarines (brtytoﬁftyormompassenqem)ismnﬂun,mdpmbab!yndumm
ten remain to be sold in the world. Lazurit should concentrate on the smailer (six
mme)mmmmﬂnmhsﬁﬂcomw sales

opportunity.
Submersible Rescus Vehicles

Lasurit designed the Possidon class DSRVs now in use by the Russian Navy. Four
operaticnal and one experimental models were built. - The DSRVs cpeeate:in pairs,
and recovery while the submarine is subnierged.. The team was shown a video of
a simulated rescue mission.
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The team was told that normal navy procedure is for the crew of a downed
submarine to escape by locking out at depths down to 120 m. Beyond this depth,
to a maximum of 800 m, the DSRVs are used. The current vehicles can carry twenty-
four passengers and a crew of three.

One of the design models in the corxferenceioomwas anadvincedvemonofthe
DSRV, none of which has been built. It probably has a greater depth capability and
- more passenger capacity than the current mcdels :

In addition to the naval rescue submersibles, the team was shown a design and
model of a rescue vehicle to be used for emergency removal of people from offshore
oil platforms or from seafloor complexes such as those envisioned in the ROSSHELF
project. The submersible lifeboat would be based onboard the platform and transfer
operations would be conducted submerged. This requires that the underwater
structures be fitted with passageways for emergency.exits and hatches compatible
with the submersibles. The propésed rescue submersible would have a forty-two
person capacity and twelve hours submerged endurance.

Airhdopondmtl’mpuldon

Lazurit designed a conversion of a dlesel-elect:ic submarine (probably a Wlusky
class) to be powered by an H-O; fuel cell. The liquefied gases were carried
topside in four large cylindrical tanks, two forward and two aft. Some weight
compensation was achieved by removing most of the submarine's storage batteries.
Lazurit said that submerged endurance was increased five to ten times with this
propulsion system. The panel saw a video of this submarine in operation. The most
recent operation of this experimental submarine was in 1891.

Other Submersibles

Because the visit was brief, panel membezé did not have an opportunity to discuss
all the submarine/submersible designs, concepts, and models that were in the
conference room. Some of the. others that were briefly mentioned were:

ROSSHELF Mother Submarine. As noted above this would be a nuclear-powered
submarine designed to support the seafloor operations of the ROSSHELF complex.
From its general size and mission requirements, it appears that the submarine design
would have much in common with Ocean Shuttle.

8,000 M Depth Submersible. The panel saw a model of this submersible on the
conference table but was not briefed on it due to lack of time. It was generally
lmown that the Soviet Union, through its P.P. Shirshov Institute of Oceanology, was
planning to develop a submersible to go to the oceans’ deepest depths (about
11,000 m). This model may have represented that design concept.
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However, at best, the visit was only a reconnsissance. Knowledge of technical
details would require several more days’ work at this site. The director extended
an invitation for a more extensive visit.

mnuemchﬁmddnm&emmmapmmﬁu
various underwater systems that had been shown. -The team was informed that
much was not on hand at this tims. Smkadmcmmﬂadwiﬁtﬂnpmr&e
Mammmﬂdbmw&nbmhmmhmddﬂw
week. However.thkpackagedidnotarﬂvebeforetheWTECteamleftRmsia.

Lasurit Central Design Bureau. Product description brochure.
Published materials on ROSSHELF.
Brochures for two designs of tourist submarines.

Brochure for the ﬁndemter container ship.
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Site: Malachite - o
St. Petersburg Marine Engineering Bureau
ul. Frunze, 18 -

St. Petersburg 196138

Date Visited: May 18, 1983

Report Author: | - M. Lee |

ATTENDEES

WTEC:

N. Caplan

A. Kalwvaitis

M. Lee

HOSTS:

Anatoly V. Kuteinikov General Designef and Director

Vladimir 1. Barantsev Chief Designer

Vitaliy A. Ostapenko Chief Engineer

BACKGROUND

Malachite is reputedly one of the leading firms in Russian underwater shipbuilding.

Malachite's scientists and engineers built the first Soviet nuclear submarine, the

Leninsky Komsomol. This was a classified operation until recently. The firm is now

participating in the defense conversion program and is interésted in making its

capabilities available to the world market. A systems design house that partners with :
other organisations that develop subsystems (acoustics and electronics design i
subsystems, for example), Malachite has experience in the design and fabrication |
of several different types of submarines, submersibles, and underwater work

mechanisms.

At a conference held in Birmingham, England, in May, Russian military technology
conversion was displayed for Western buyers. Malachite was unable to show the
WTEC team some of the firm's hardware because it was at this' conference.
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Malachite proposes to design a submarsible oil tanker that could carry oil from
nor&mmCmﬁatoImnchomavhﬁmpdarumbr—icemuﬁe This vessel would
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Tourist Vehicles |
Malachite is interested in designing underwater tourist vehicles of various types.
Underwater Vekicles for Sunken Log Recovery

Malachite has desxgned and fabncatad undezwater vehlcles for the recovery of
sunken logs. These vehicles are lowered to the bottom. They have a manipulator
that picks up the logs from the bottom. Some of them have a manipulator and a saw
to cut standing lumber, then retrieve it The vehicles use force feedback on the
manipulator through a joystick operator interface.

North 2
The North 2, a 2,000 m manned submarine, was designed at Malachite.

Malachite is a large scale systems designer and integrator with a lot of expertise in
submarine, submersible, and underwater work systems design and fabrication. The
firm has ties into a network of other organizations that can participate in marine
system design and fabrication. The finm’s scientists and engineers are not working
on ROVs or AUVs because they see no demand.

Until recently, all of Malachite’s contact with the outside community for technology
has been through a company named Sudoexport. This work is now handled by
Defense Export.

Computer-assisted design (CAD) is Malachite’s most needed and requested
technology. Malachite’s scientists currently use personal computers for computing.

Market literature that describes the specifications for each of the projects included
in this report is available from Malachite. Projects included are:

Rus (autonomous manned submersible)

Thetis-H (underwater towed manned observation vehicle)
Conself (underwater autonomous manned observation vehicle)
Argo-1 (underwater excursion complex)

Argo-2/4 (underwater excursion complex)

Argo-3 (underwater excursion complex)

Triton (manned submersible)

Sadko (underwater passenger complex)
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Wall Street Journal, May 24, 1993:1. 7




Site: : - Oosanpribor
Research and Production Company
Chialovsky Pr. 46
St. Petersburg 197376
Russia
Date Visited: May 20, 1993
Report Author: A Kalvaitis
ATTENDEES
WTEC:
A Kalvaitis
N. Caplan
M. Lee
HOSTS:
Juri Koriakin Engineering Dir., Doctor of Science in
Physics and Mathematics
Stanislav A. Smimov R&D Director, Doctor of Science in
: Physics and Mathematics
Arkady A. Soloviev Head of Foreign Relations Department
BACKGROUND

Oceanpribor combines a research center and two manufacturing plants. It was
originally formed 60 years ago as a government controlled enterprise. The primary
function was to design and fabricate acobstic systems for Navy ships and
submersibles. A company was formed in 1973 to market these devices under the
trademark KORVET. Oceanpribor considers itself the leading organization in Russia
specializing in acoustics, and participates in fundamental and applied research.
There are presently a total of 4,000 employees, including 2,000 scientists and
engineers working in the Oceanpribor Research Center. Oceanpribor-also designs
and produces consumer products, ‘includiig commercial acoustic systems,
amplifiers, and record players. Under the defense conversion program now
underway, other equipment developed here includes underwater stationary systems
for environmental tracking and surveillance; hydroacoustic equipment for research
vessels; multi-purpose sonar and positioning systems for manned and unmanned
underwater vehicles; resources and™ eéquipment for ship-bom prospecting and
development; and systems and devices designéd to address the problems of marine
engineering and geology in continental shelf development, as well as for
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grapl cdl resieszch. Oceanpribor’s numerous facilities include
a larqo mly uohwd !mk for conducting in-water acoustic tests and
measiuzoments.
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conducted at this center, and the specialists are at this location. They.cooperate
with 100 other institutions and subcontract work to these groups. Basically,
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prototyping of hydroacoustic devices, while production is conductsd “at other
Oceanpribor facilities and outside locations. k\ﬂ\eUrﬁtedSm&arearemany

companies in this specialty area.

The WTEC team was given a tour of some of Oceanpribor’s facilities, which included
a mugeum, a display of underwater acoustics eqtipment and devices, the large test
mmm:mam&mmew The
museum depicted a history of hydrophones and the underwater acoustic devices
dating to 1833. Displayed were models of large passive sonars installed on thelr
submarines. Also shown was a series of bottom mounted hydrophones that are
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By using complex reflector systems, the side scan antennae exhibit no side lobes
and can be packaged in small volumes. - Side scan capability can be applied to
towed, remote (both ROV.and AUV), and manned vehicles. A 265 kHz multibeam
Doppler velocity log has been developed that can measure ship velocities in deep
water (down to 6,000 m) accurately by bottom tracking instead of tracking on water
mass. Itis unclear how this capability compares to Western systems (e.g., acoustic
Doppler current profilers that can measure current velocities at various depths
simultaneously). -~ . , :

In the area of tracking and positioning systems, the center has developed long,
short, and ultrashort baseline systems. Oceanpribor’s positioning systems work at
depths from 80 to 6,000 m at ranges up to 12 km; they are similar to those of
Honeywell. Some of these have accuracies of 0.3 m, utilize different frequencies,
and can change codes. These can operate several days to years in duration. Their
systems are compatible with SIMRAD and other equipment.

We discussed teleoperation, data transmission over large distances, and telemetry
capabilities. There is no problem with large amounts of data telemetry over short
distances; however, at ranges of 100 to 400 km, the sound channel is used.
Oceanpribor is developing algorithms that will work in the multipath environment;
this is a major undertaking that may require cooperation with specialists from many
countries.

Oceanpribor recognizes the limitations of its computers; to compensate, the center’s
algorithms are required to be very efficient. Its software designers must understand
the physics of the system and implement the real-time software.

Looking into the future, Oceanpribor envisions geology and oil and gas exploration
as areas of interest. The firm also anticipates that considerable support of the
Russian Navy will continue because Ukraine presently has most of the ships with
hydroacoustic capability; therefore this capability will have to be reestablished. (The
panel was told that a similar group to Oceanpribor is being formed in Ukraine).
Even though Oceanpribor’s ocean acoustic technology was previously classified, it
can participate in international projects if they are not defense related or if
intergovernmental agreements are concluded.

In summary, Oceanpribor claims it is the largest Russian company specializing in the
design of underwater acoustic systems for world ocean resource exploration, deep
hydrographic surveying, and oceanographic research. Oceanpribor would like to
collaborate with foreign companies to design and manufacture new hydroacoustic
systems, export existing products, conduct tests and calibrations in its unique test
basin complex, and establish cooperative production activities and joint ventures.
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Site: P.P. Shisshov Institte of Oceanclogy
Academy of Sclences of Russia
- 23 Krasikowa St -
: muma

Tohplnm: M-lm
Telex: 411968 OKEAN SU

Fax: 088-194-8867 (or 8983)
Date Visited: May 17, 1993
Report Author: D.Walsh
ATTENDEES
WTEC:
L. Gentry
B. Mooney
R. Seymour
D. Walsh
HOSTS:
L. Savostin Director
V. Demchenko Vice Director
Dr. A Gorlov (meeting coordinator)

(and about 12 other senior staff members)

The purpose of the meeting was to provide the WTEC teaim with a general familiarity
with the P.P. Shirshov Institute of Oceanology, which is the primary oceanographic
research institution in Russia. This took a litle over an hour, with the director
conducting most of the briefing. A more in-depth visit to Shirshov was made later
intheweekbyatluee-personW'I'ECteam Someofthe ‘information that is in the
report below was repeated at that time. -

Dr. Tengiz Borisov briefed the team on the work of KOPRON, the government's
Special Committee for Undersea Work, for which f\é“"se_tve's as chairman.




oceanography), and technical (imtrmnentanm mmgnﬂ.ﬂu etc.).
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cosmﬁm. mmmmmwm it also helped to stirulate
the development of some unique devices that may now be of interest to the West.

AttheﬁmeofttuWTECteamsvlsit,muchofShkshov‘sommﬂomlmmd
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mmummhmm The two ships are Vaviloff and Joffe.
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science and two are capable of supporting manned submersibles. The institute has
six operational submersibles:

2 Mir class, Gﬁwmdepm«':apabmty(mldeinmmd)
. class;: depth (made in Cenada)

1 Osmotr class, mmdepth.mthm!oekomtomm
l}irymclau,SOG 600 m depth

d An :ﬂ,imauhem&ahuahw The Mirs haye been
quiﬁe active until recent budget cutbacks. Osmotr is for sale. Argus primarily
oparatesin&wBlackSea.

complete}" Ourhestsesm that about $1.2 mﬂlionk requn'ed to?complob
construction. Theumdﬁ-ﬂtmmmcm::ﬁonmdhavebeendemdand
built in Russia. The institute is actively seeking a Western source of funding to
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complete this project. Shirshov has indicated that it would offer one of the two Rifts
to the investor as payback for the $2 million funding.

However the news is not all bad. The director said that the institute now has two
years work for the Akademik Kheldish and its two Mir submersibles. This will be a
joint mapping expedition in the Kara Sea with Woods Hole Oceanographic Institute.
Some US. Office of Naval Research funding is involved in this international
expedition. The director said that ONR and WHOI representatives would be at the
institute the next week to discuss program details. It appears that this work may be
connected with surveying the nuclear waste sites in this area (see WTEC site report
on KOPRON briefing by Borisov).

After the Kara Sea work, there will be another expedition to the Laptev Sea in
cooperation with the German Oceanographic Research Institute at Kiel.

SUMMARY OF DISCUSSION

The director (L. Savostin) is optimistic that he can find funding to keep the majbrity
of the institute’s programs and facilities going. He told us that he had met with both
the Prime Minister and the President, and was assured that support funding would
be available. .

In subsequent correspondence with the panel, Mr. Savostin noted that the institute
is active in developing new robotics technology for a global ocean observing system
and for long-term underwater ecological monitoring, and welcomes international
partnerships in these fields.
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D. Waish
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Dr. Lev L. Utiakov

Dr. AN. Paramonov
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Dr. Alexandr A. Gorlov
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After an initial briefing period in the auditorium, the team spent about four hours at
the institute. Most of the time was used to visit various offices and laboratories to
view, demonstrate, and discuss equipment. -

This site visit was very well organized. Upon arrival the team was taken to a
conference room where each staff meémber t6 be visited gave a briefing on his
research work and recent developments. This took less than an hour and was very
useful in giving an overview of activities related to team member’s interests.

There were four briefers whose laboratories or bureaus the team did not visit this
morning:

o

Mr. Victor Brovko, who was with the institute from 1965 to 1978, when he was
responsible for the design and construction of seafloor habitats for divers
(e.g., Chernamor), AUVs (in Academician Vyacheslav Yastrebov’s laboratory)
and manned submersibles (e.g., Argus). Since 1970, Mr. Brovko has been
with the Experimental Design Bureau of Oceanological Engineering, which

- was then part of the Shirshov Institute. He is presently Science and

Technology Director of the bureau, which is now independent. The team
visited his bureau later this day.

Mr. Eugene Pavijutchenko is the Chief Engineer of the Experimental Design
Bureau. He has worked on the submersibles Argus (1978), Osmotr (1985),
and Rift (two are currently under construction).

Mr. Sergei Surkachin works in diving, diving mﬂiods. and underwater

- habitats. He is doing a joint project with the University of Maryland for

scientific diving operations in: the Black Sea, in Lake Baikal, and in the
Chesapeake Bay (in the United States). He said that the Russian State
Committee on Science and Technology and the U.S. National Oceanic and
Atmospheric Administration (NOAR) have an agreement for scientific diving
cooperation. His group hopes to get a mission in NOAA’s seafloor habitat

Aquarius.

Vladimir Kuzin is chief pilot of the 2,000 m Pisces (there. are two of them)
submersibles. He said that they have successfully tested a hydrazine energy
source to depths of §,000 m. (This is probably the system that is now being
offered commercially by Rauma Repola in Finland). During the conversation,
our hosts mentioned possible work underway elsewhere in Russia on
materials such as acrylics and glass for manned submersible pressure hulls.

With respect to the general state of the P.P, Shirshov Institute of Oceanclogy, please
see the preceding report, which describes the team’s first visit there on May 17,
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1993. At the time the team was briefed by the director, however, hé -'was unable
join us for this site visit. As with most of the site visits, there was far more
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Mr. Yastrebov also mentioned a 6,000 m towed sled developed by Shirshov that
carries side scan sonar as well as TV and a still camera. He indicated that the team
‘would see more details on this system during visits to the other laboratories and
offices.

In addition to the data processing ofsiqnals Mr. Yuri Russak’s qronpis involved with
development of the transducer elements for the side scan sonar and the imaging
systams for the 6000mtmd fish (with a i0.000mmnbﬁcal)

'l‘heonbeardlowlightleval.blackandvvlﬁ&ﬂcmmhasaﬂrepholdofOOOBlux
using a sypervidicon tube. - With the lighting availahle on the fish, the maximum
visible range is about 20 m. TheinsnmtedoosnothavacolorWsmcothehneloss
(over 10 km umbilical length) %uldbetoomt. L A

'Thephotographyisdonewiﬁlatwo-cm : ;'m 35mmsysﬁem. The film
magazines hold 3,000 exposures/frames. Ambeﬂashprov:des liqhﬂnq for the
camem.‘

Thisﬁshwausedtokwasﬁgatethemchmeldm&ﬂqadnssubmanne
Kammnole&.whichislyhgonitssidehlm,mdwatbr Aphomlphoftheﬁsh
is enclosed with this report (uee Figure Stﬁrshov l)

Dr. Lev Utykov showed a variety ofelectromc dovicec developedand made by his
group. Of particular interest is a family of electronic chips that can be used at
ambient pressure to great depths. These chipe have also been successfully tested
by boiling in cil and freezing with liquid nitrogen. He believes that ambient-pressure
electronics (either exposed to direct depth- pressure.or in pressure-compensated
containers) will be the way to put much greater computer capacity into vehicles with
minimal weight penalties.

Another equipment development that Dr. Utykov’s group has worked on is a
hydroacoustic transponder/beacon system for attaching to divers and marine
mammals. In both cases it could send physiblogical and location data back to the
control facility. It could also be used to wam a diver about unsafe conditions
(exceedmg dive time at depth, onset of nitrogen narcosis, etc.). - Presumably a
marine mammal that has had conditioning training could be controlled via long
distance acoustic transmissions.
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Figure Shindiov.l. Photograph:of Fish
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transmitter would transmit a broad-band, complex signal. However, cable self-noise
is a problem when the operator uses a very thin cable with built-in multichannel

hydrophones.
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SUMMARY

Since the WTEC team'’s visit to the institute was really a series of visits to several
offices and laboratories, this summary is a synthesis of these activities. There was
no single summary meeting before the team left.

The entire institute suffers from a greatly reduced level of investment from the
government agencies that had been the principal source of support. This is forcing
the various components of Shirshov to review what they know how to do, what they
can make, and what can be sold outside Russia. In addition, a vigorous effort to
seek cooperative research programs with foreign scientific agencies and institutions
is evident. Since the P.P. Shirshov Institute of Oceanclogy is well known and
respected throughout the world, this path of cooperative arrangements may be the
most promising direction in the near term.

The team saw quite a few innovative technology developments during this brief visit.
With a proper marketing approach, there could be success along this path. The
director of the institute seems to be aware of these opportunities and plans to
develop an organized catalog of their capabilities to be used as a marketing tool.
Hopefully, professionals selected from the institute will be able to attend some of the
major ocean trade shows in the world to make the larger community aware of what
is available from this source.

Unfortunately, economic conditions in Russia may get worse faster than such
organizations are able to develop means of self support. Considerable institutional
downsizing will be an almost certainty. Hopefully this can be done without

significant loss of the intellectual and physical assets that have made this a major
oceanographic institution in the world.

REFERENCES
Rock Coring Device That Can be Mounted on Submersibles. Brochure.

Underwater Hydraulic Breaking Device That Can be Mounted on Submersibles.
Brochure.

6,000 m depth towed sled for ocean floor. Photograph.
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Komsomolets submarines were designed here. Because of recent conversion efforts,
Wﬁmmdﬁnmzkhmnﬂydemmm&m\ajor&muu
submarines, and tourist submersibles. RUBIN designed the only Russian tourist
in the Caribbean. Other defense conversion activities have focused on-areas in
which RUBIN has expertise: coal and nuclear power stations; floating power stations
for the northermn parts of :Russis; gas and ofl exploration and production; and
participation with ROSSHELF, which has U.S. company partners. The team was told
that about 2,000 employees work at this location.

A salient feature is that RUBIN has strong connections to former Soviet Union
countries. RUBIN has created a broad spectrum of organizational expertise that is
incorporated in books and on a computer database. In addition, RUBIN has had
extensive at-sea experience with sunken submarine investigations.
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RESEARCH AND DEVELOPMENT ACTIVITIES

The team was given a -briefing ori RUBIN that focused on the bureau's
responsibilities regarding the Komsomolets nuclear submarine that sank in 1,700 m
water off Norway in 1989. Mr. Nikolay Nossov, the submarine’s designer, informed
the team that RUBIN is heading a team of forty Russian institutes, organizations, and
companies that are studying the submarine. Concemn was expressed that radiation
could leak from missiles and contaminate a large area because of the aperiodically
high (up to 1.6 m/sec) currents in the area. RUBIN planned to attend the
Radioactivity and Environmental Security in the Oceans Conference at Woods Hole
Oceanographic Institution on June 7-9, 1993 to describe the environmental monitoring
program on the Komsomolets submarine.

Two videos (including an ABC newscast) and numerous pictures of the submarine
that were taken by the Mir 6,000 m submersibles were shown to the team. Also
present at this meeting was one of the Mir pilots. Two remotely operated vehicles
designed for operation from the Mir submersibles while inspecting the submarine
externally and internally were described. Specifications on these ROVs were
provided by Intershelf. See M. Lee’s site report on Intershelf for more information.

The WTEC team’s hosts from RUBIN described two versions of gamma counters that
were specifically designed for radioactivity measurements at the submarine site.
These designs use sodium iodide (Nal) gamma detector. One version is attached
to the Mir submersible and measurements are made directly; the other instrument
is configured so that it can be inserted into the submarine hull and record data for
a one-week deployment.

RUBIN was responsible for leading the development of selective absorbants of
radioactive nuclides, including cesium, uranium, and plutonium. These absorbants
were developed by the Nizhny Khlopin Radiation Institute of St. Petersburg and the
Arzamas 16 Russia Nuclear Center near Nizhny Novgorod. These absorbants are
used in conjunction with the Nal gamma counters to provide a complete
measurement of the radioactivity. - : ,

There have been three expeditions to the Komsomolets site. Two expeditions were
organized by RUBIN. However, the first one was conducted by another institute that
may have used an autonomous undersea vehicle called the MT-88. This 6,000 m
capable AUV was developed at the Institute for Marine Technical Problems in
Vladivostok. RUBIN recognizes the high cost of conducting operations with large
ships and the need for automated systems.

RUBIN has created a working group of many firms and institutes capable of
investigating radioactive objects on the ocean bottom. Having been responsible for
many of the designs, the institute’s scientists are very knowledgeable of the object,
can conduct the necessary sampling and experimentation, and can predict the
effects.
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computer hardware and soltware. It did | ¢ build many of the subsysterrs, but

ticipatid in the design, develop ant, and system integration. It seemed that the
warning system) were unclassified, but many of the sonar and radar processing

systems. In 1976 the institute moved to its current location. NIIVK has developed
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four to five generations of large computers (supercomputers). Originally the institute
focused on developing computers for classified applications, but recently it has
focused on some unclassified applications. NIIVK's scientists developed the early
warning system for missile attack that is now unclassified, but continues to develop
some systems for radar and sonar applications that remain classified. The following
summary will give some idea of the focus of the institute.

RESEARCH AND DEVELOPMENT ACTIVITIES
Scientific Research Institute of Computer Complexss

The Scientific Research Institute of Computer Complexes, situated in Moscow, is a
member of the Scientific Industrial Association for Computers (NPO SVT), the largest
such association in Russia.

The staff of NIIVK was formed in the early 1980s. After creating the M-2 and M-4
computers (two of the first Soviet computers), the serial semiconductor computer
M-4-2M was designed in 1964 and was serially produced until the end of the 1980s.
The computer M-10, designed by the NIIVK in 1978, contained parallel architecture.
Novel technical ideas were realized in this computer that allowed noted scientist and
computer architect M.A. Kartsev, the first director of NIIVK, to achieve a high
performance. American researchers P. Wolcott and S. Goodman wrote: "The N-10
is distinguished by its ability to conveniently parallel-process data of different
formats, dynanucally changing the clustering of procassors to match the format of
the data at han ,

The newspaper ComputerWorld USSR gave the following estimation of the computer
M-10: "Apotheosis of heroic period of the Soviet informatics was a creation of the
powerful 64-bits vector-pipeline supercomputer M-10...."

The original trends of the NIIVK supercomputer are charactenzed by usage of
so-called "type M" architecture, the first representative of which was computer M-10.

This architecture is notable for using a wide-format memory that exchanges vector
operands with several identical processors, executing the same instruction stream.
A later stage in the development of the type M computer architecture was the
creation of the new vector multiprocessor supercomputer M-13, which was produced
serially beginning in 1985,

The peculiarities and architectural principles of computers developed by NIIVK
provide high performance for real time data flow processing with large amounts of
information (real time radar and sonar signal processing, image recognition, etc.).
These peculiarities and principles are as follows:
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When asked about the data to be .included in the database machine, the team was
told that the institute focuses only on the design of hardware and software systems.
However, the institute’s scientists have collected various oceanographic data from
the Atlantic Ocean that has been included in the new computer design efforts.

Applications Discussions

Mr. Juri Mordovski, Director of Sigma Technologies, discussed work underway at the
company. Sigma Technologies was started two years ago to focus on the
development of Al and the transfer of that technology to the United States and other
markets. The company undertook several applications, including two that were
suggested by the Director of NIIVK, Mr. Alexeev. Some of the applications
suggested were the development of a system for monitoring large mechanical
systems, and development of Al systems for automatic monitoring of other complex
systems, and automatic surveying. When Mr. Mordovski was asked if he knew of
any Al efforts being undertaken in Russia related to undersea systems, he stated that
as far as he knew, "there is no work.in Russia where Al is being applied to undersea
systems." His company had recently undertaken a summary of Al work underway
in Russia and found only work in expert systems.

The company has developed some automatic translation tools that are now available.
One discussed was a translator to translate legal documents from Russian to English
in real time over electronic mail (E-mail). The company has been working on this
with Lockheed and several other U.S. companies.

Mr. Anekyn is the head of a small group in Volna that is focusing on the
development of sonar systems utilizing some of the work produced at NIIVK.

Acoustic Flelds Investigations

Algorithms with super resolution have been developed in the institute. This high
resolution is possible because the institute’s scientists have been able to eliminate
all surface and bottom reverberations, greatly suppressing unwanted retums.

NIIVK has databases of oceanographic data; physical and geological data; bottom
and surface data; and hydrological water parameters, such as CTD information.

Near Area View Sonar
Bottom and surface reverberation is understood and mapped in this system.
Medical Imaging

Development of medical imaging systems is underway at the Cardiological Center
of the Russian Academy of Sciences. The center has a 8 MHz sonar that develops
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but hope to develop a system that will produce

3D images in real time.

work to better understand. Time limitations constrained in-depth discussions of their
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Dr. Tatiana Peregudova - Vice Director, Research Dept.
Professor V1. Nikolaev Director, Research Lab of Automation of

Designing Ship’s Power Installations

Dr. Juri I. Zhukov Dean, Dept. of Electronics & Control Systems
BACKGROUND

This university was founded in 1902 as a department of St. Petersburg Polytechnic.
It later gave birth to the Leningrad Shipbuilding Institute, which became a leading
educational institute for ocean technology and marine engineering in the former
Soviet Union (FSU). Subsequently, it evolved into the State Marine Technical
University (MTU). At present, MTU provides a wide range of programs, both
undergraduate and postgraduate, leading to ‘B.Sc., Engineer and M.Sc. Doctoral
degrees (equivalent to Ph.D. and D.Sc.). "A major department within MTU is the
Department of Naval Architecture and Ocean Technology. MTU’s 8,000 students are
involved in all aspects of marine and ocean technology, with approximately 30
percent specializing in electronics and control systems. Until last year, most of the
foreign students were from Eastern Europe; Vietham; North Korea, and Cuba.
However, now MTU is soliciting students from other countries (¢.g., India, Nepal,
Jordan, and China). The university has 600 faculty members, 1,500 auxiliary
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a video tape have been produced.” Software has been developed for simulating the
lift dynamics; design of various holding devices for salvaging large objects of
different types and sizes; robotics systems; and burying techniques if the object is
not salvaged. ' The university seeks foreign partners for the detailed design,
development, and use of this CLSO capability.

Other ideas of interest that the university has developed include an ultra-short
baseline underwater tracking system with‘a range of 1,000 m. It is unclear if this is
a prototype or a production model. Another development is a low noise thruster
(noise is reduced by 12 dB) called "double counter jets" that operates in laminar
flow. The university is seeking an industry partner to continue this research since
the military no longer supports these activities.

In summary, the State Marine Technical University of Petersburg is a unique
educational facility that offers a broad spectrum of training in nearly all disciplines
related to undersea systems. The university has initiated several enterprises and
companies, and is interested in establishing joint ventures. The WTEC team was
told that this university trained most of the engineers and researchers working at the
design institutes we had visited in St. Petersburg.

Complex for Lifting Sunken Objects (CLSO). Brochure.

International Cooperation in the Field of Science and Higher Education. Proposals.
1992. - ' '

Direction Finder Sonar Transponder DF 1000-04. Performance specifications
(brochure). -

Paks Ltd, Brochure. 1991,
Paks Ltd, Rotor-Rudders for Seagoing and River Vessels. 1991,

Educational materials on the Marine Technical Universifyﬂ In Russian and English.
1993. : ' ’

Reliability of Ship Structures Research Laboratory. Brochure.
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welding. mmﬁmswakmuwdhgdm:ﬁwmdﬂupumn
as ceramics in thicknesses varying from submicron to tens of centimeters. In
addition to research in the welding processes, the institute also develops welding
emmmmmmmmmmmm These
efforts are carried out in special centers at other locations.
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and high radiation applications. The institute maintains a close relationship with
industry, assisting in the development of new materials and surface treatments.

The Paton Electric Welding Institute is involved in several research and development
projects, including:

1. Research in electric (arc, resistance, electron beam, magnetic pulse, etc.)
welding of metals, metal-based composites (principally aluminum matrix), and
cerarmics.

2. Large scale explosive forming.
3. Vacimm brazing of dissimilar mteriﬂs, such as titanium to steel.

4. Plasma coating processes to improve corrosion and erosion resistance of
metals and ceramics, with special processes to control thicknesses to a
micron or less.

8. Advanced nondestructive testing techniques. The team was shown some
color contour maps of components containing welds that were described as
being produced through holography.

6. A special titanium department where engineers weld thicknesses that are 400
mm and thicker. There were many applications in the chemical industries,
but the institute is now seeing increased use in offshore platforms and piping.
Paton achieves yield strengths up to 800 MPa. The team had heard
elsewhere that Paton was involved with welding processes for submarine
hulls, but the institute’s representatives did not discuss this beyond stating
that their work in aviation and space had been applied to underwater
projects.

7. Electroslag casting operations for manufacturing difficult-to-fabricate alloys
and metals of great purity.

8. Use of both field and shop techniques in welding and manufacturing joints for
offshore platforms, for thicknesses from 1 mm to 80 mm.

Information on the previous activites was obtained through discussions with
Professor Konstantin Yushchenko and a 30-minute promotional film in English.
Dr. Yuri Gretskii led the team in demonstrations and detailed discussion of the
underwater welding and cutting research. A diver demonstrated manual arc welding
in a water tank at shallow depths and automatic welding in a pressure chamber at




MM-&%M&G&AMW&E&D&GM
American divers typically produce only Class B welds. There were many 180° bend
mm&mmm&mmmmwu\dm
mmmmﬂmnmmmmmmn

Dr. Gmﬁwﬁnwoﬂuud}-}qmw&dnpm mdnﬁcmd
ﬁmdﬂ\oughhymmmanuhbuﬁwddmhm application,
there were many problems to be solved.

mmmmmmhommmusmmdmm 'me
pursus this (Pato: wuthehltlmponttnmm) The Paton Institute
appeats to have developed excy enit tachniques for mild stesl and low alloys for
manual and automatic underwater welds (ship, platform, and pipeline repair).

E0. Paton Electric Welding Institute, Genezal brochure; ustrated. 1860,
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Site: hwtitate of Geclogical Sciences
Ukzainian Academy of Sciences
88-B Chiiowa St.
'l‘dcphom 216-94-48

Date Visited: May 18, 1993

Report Author: R. Seymour

ATTENDEES

WTEC:

L. Gentry

R. Seymour

HOSTS:

Professor Peter F. Shpak Director

Dr. George N. Ladyzhensky

Dr. Rudolph Kh. Greku : Chief Researcher

Vladimir C. Gevorkian Chief of Subdivision of Underwater

Investigations
BACKGROUND

The Institute of Geological Sciences is responsible for exploration and assessment
of all mineral resources in the Ukraine, whether terrestrial or undersea. These
include both oxl and gas as well as mehhandma elements.

The institute’s scientists study the stmcture and evolunon of geological features in
order to make predictions on resource availability. Their work on underwater
resources had previously been worldwide in scope, but their present emphasis is on
national waters. Their present experimental program involves studying the
underwater geology of the Black Sea and recent sedimentation patterns. The Black
Sea appears to have significant gas reserves but no known oil reserves in Ukrainian
territorial waters. The institute's scientists have found traditional methods of
investigation inadequate, and have developed new technology. In particular, they
believe that direct observations by scientists are essential, and have developed a
fleet of manned submersibles to meet these needs.



) : inding the interactions between biological and
geological processes. In the stukly of the distribution of minerals in the deep ocean,
the institute's mem in high production areas.

One area of research invotves une

y mixed gas, lock-out diving) of gas hydrates - a frozen
mixture of natural gas and watei - &t depths of only 300 m and only 80 em or so
below the surface of the sediments. In the present plan for gas recovery, they
propose using conventional technigues tc recover the gas in reservoits below the
hymmw,hmmm!orﬂnwmmdmﬁnhyms
(see Figure Geo.1). One of their concems is to find an environmentally acceptable
means to accomplish this.

The institute's scientists also report finding polymetallic crusts in the Black Sea that
contain significant amounts of iron. The Klev group consists of users, not

developers, of the submarines, towed vessels, and support ships used in their
research. The development activity is carried out at Mariecoprom in Sevastapol (see
that site visit report).

extend to depths of greate 000
be responsible for developing gas extraction and hydrate mining equipment for this

application.
Greku, R. and V.C. Gevorkian. "Gas Hydrates of the Black Sea.” Technical proposal

of the Institute of Geological Sciences, Ukrainian Academy of Sciences. Kiev.
1993. :
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Date Visited:
Report Author: L. Gentry

_ ATTENDEES

WTEC:

L. Gentry
R. Seymour
HOSTS:

shanis kmumﬁmmmmmmmmm
&pmmhconmmoé ""”’iivéﬂamme!hydmmmd

mmmwmmmmmm
mngﬂ\ofvaﬁousmmﬁahmhulhemkmmu. The Hydromechanics Institute
employs 180 researchers and has a total staff of over 300 persons.

The twelve departments at the Hydromechanics Institute are listed below:

Hydrodynamic Acoustics

Vortex Motions
Hydrobionics and Boundary Layer Control
Free Boundary Flows

Hydrothermal Processes Modelling
Hydrodynamic Processes Control
Technical Hydromechanics

Applied Hydrodynamics
Hydrodynamics of Wave Processes

000000000
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o Hydrodynamics of Hydraulic-Engineering Structures
o Dynamics of Elastic Systems
o Stratified Flows

Some areas of investigation that interested the WTEC panel include the following:

o Boundary layer control (i.e., compliant surfaces, polymer injection, Coanda
effect ducts, etc.)

Propulsive efficiency (small ROVs) °

Resistance coefficients in unsteady flows

Wave/structure interactions

Hydrodynamic acoustics
Vibration control and other methods for drag reduction

000O0OO

The institute has extensive and very capable test facilities, and conducts a variety
of physical experiments along with parallel investigations in numerical modelling.
The team saw no computing equipment, but was told that a few 486 personal
computers are used for modelling, data processing, and design.

Due to the present unsettled political situation, the institute has funding difficulties
and is very interested in joint studies with other institutes in the West.

RESEARCH AND DEVELOPMENT ACTIVITIES

The team observed a wide array of test facilities and research projects at the
institute during the three-hour visit, including a high-speed tow tank with a tow
carriage capable of speeds to 28 m/sec. It is equipped with a special control system
to allow smooth and rapid deceleration. The facility has been used for control and
drag experimentation of surface and submersible vehicles. The model basin is 140
m long by 3 m wide by 1.8 m deep. : -

Asecondtowtankwasnlsoobsemd&mtm,%mxsmx3mdeepand
equipped with a more conventional tow carriage. This second basin was fitted with
wave making and local wind generation equipment. A towed acoustic array was
observed at the tank. The institute’s scientists explained that they conduct
hydroacoustic studies and elastic motion studies in waves using this facility. The
team saw examples of miniaturized pressure and acoustic transducers at this facility.
They mentioned that they develop and test: active acoustic devices using
piezoceramic transducers for low frequency applications.

The panel observed a high velocity hydrodynamics laboratory where
experimentation in very high speed underwater projectiles and propulsed bodies is
conducted. The specifications sheet distributed during the visit mentions velocities
up to 1,000 m/sec. The institute also claimed to have data on velocities near the



equipment, but it is beliswed to be located it & remote site along with support ships
used by the institute for at-sea hydromechanical investigations, The equipment
includes & towed test sled and two small ROVs nared Poins and-Adeline These

‘testing.

The institute demma'mdmel-dghspeed (zsmluc) mktgdaaww

clmtemoftlmsecomrol/pmpulsiondemmforsubmqa

Hydromechanics - Inslitite. - -bizoapahle of advanced: laboratory
said that they had recently obtained a few 486 personal-computers. However; the
team was not able to assess the institute’s numerical computation capabilities.

Institute with NIPFIOcearnshash, papers were offered to-the team on behalf of the
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director of NIPIOceanmash. The papers described projects involving a wide range
of ocean engineering activities and mert fx&pmm mining, deep offshore
drilling, marine salvaging, and dreddng. B¢ .what appears to be
available systems not unlike the Glomar E Vith heavy fift and deep drilling
capabilities to depths of 6,000 m.” While lithe time was available to explore this
capability, it is very interesting and worthy ofm follow-up to determine if
technologies appropriate to underwater vehicles are involved. The team was told
that the director of NIPIOceanmash would be interested in further contact.

REFERENCES ‘ ,
High speed tow basin and water tunnels, Specifications sheet.
High velocity hydrodynamics facility. Specifications sheet.
At-sea tow complex. Speciﬁggﬁons sheef. :

Small ROVs Polus and Adeline. Data sheets. e

Various underwater pmjecb cmducted at Meamash in Dmepmpetrovsk,
Ukraine. Dah sheets. ;

Large model for testing oscillaﬂng wing promkfm for submexsibles Two
photographs.

Flow visualization using bubbles. Photograph.
Model testing of U.S.S. Lafayette class submarine hull. Photograph.




|
|

Figure Hydro.3. Test Modal for Oscillating Wing Propulsion (side view)




Figure Hydro.3. Flow Visualization Using Bubbles

Figure Hydro.4. Mode] Testing of U.S.S. Lafayetfe Class Submarine Hull



HOSTS:

Igor M. Nestorenko
Vladimir G. Usenko
Victor A. Horoshev
Marat V. Sarvanidi
Vladimir C. Gevorkian

in many are;

General Director

Chief, Department for Operations

Chief Engineer

Chief, Electronics Departmant

Chief, Underwater Subdivision of Underwater

operating in Peru (Odyssey, wﬁaﬁsmﬂameuibb h&mﬂ&)aﬂhﬂu?uEut

(Gidronavt and its submersible, the Tinro-2), but most of its interests are now in the
Black Sea, where much of the Ukraine's plans for e )

of resources are

focused. Oil, subsea minerals, and gas hydrates are among the riches available in
the Ukrainian portions of the Black Sea. Funding also limits the international

i Mottt s

i
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operations of the Black Sea research fleet; only those on contract work venture out
of this local inland sea.

The nine vessels (most are converted fishing vessels) range in size from 1,200 to
nearly 4,000 tons. Each vessel supports one or more of ten manned submersibles
in scientific investigations of the water column and seafloor. Mariecoprom does not
operate unmanned vehicles since the association feels strongly that the best science
is accomplished in situ by knowledgeable and trained academics. The submersibles
at Mariecoprom range in size and capability from the very large, twelve-person
Benthos-300 to the small, towed, three-person Tetis-H. Mariecoprom is able to
provide well qualified operating crews for its vessels and submersibles, and is willing
to share research of mutual interest in the Black Sea or lease its assets for
worldwide operations at very low daily rates. The estimated rate in the Black Sea
for a fully crewed Sever-2 submersible and support vessel Ikhtiander is about $500
per day, excluding fuel and oil. This is purely an estimate; actual costs will depend
on the area of operation and many other factors.

RCH AND DEVELOPMENT ACTIVITIES

Mariecoprom does not conduct research and development directly. The association
operates and maintains the platforms for the Ukraine government and the Academy
of Sciences institutes, and works with other institutes to conduct field investigations
and studies.

SUMMARY OF DISCUSSION

The team met with Mr. Igor Nestorenko and his staff at the Mariecoprom offices for
general discussions, then toured the Sevastopol harborfacilities where the ships and
submersibles are serviced and mamtahled. Only three subnmxbles were available
for inspection at the time. - ‘

The team visited the Omar (built in 1989), which was in the shop being prepared for
operations in the summer. It is equipped with two seven-function manipulators and
can accommodate scientific payloads of 250 kg. Omar is a hydraulically powered
vehicle with twin main propulsors and three maneuvering forward thrusters for pitch
and yaw control. The wvehicle, which has no computer systems onboard, is
essentially manually controlled. Both Omarand its sister boat the Langust (1990) are
very simple, rudimentary vehicles and are far behind the sophistication of similar
submersibles in the West. However, they are proven, reliable, have outstanding
safety records, and are cost-effective altermatives to their high-tech counterparts in
the West. The depth rating of Omar (640 m) is marginal for many scientific missions.
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were built in 1978»5 lﬁlr VBe&m still ope:
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Thus, they are towed to the werk sita on the suziape or submerged in bad weather.
mhaumummmgmagmmm
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‘been fitted to the ships, and the submersibles are handled off the 1ee side with heavy
tackle. - Divers or small boats are needsd to make connections and disconnections
in the water, b&ﬁmydaimbhmmdcﬂmrbsmseacmdﬂomto
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named as "hydronauts of the Benthos-300."
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REPERENCES
Support Ships and Submauiblu. Book of specification sheets and photographs.
Benthos-300. A history of the Benthos-300 in Russian. Moscow: 1992.
Submersibles Amﬂab]é at Mariecoprom. Booklet in Russian. Sevastopol, Kiev: 1991.
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BACKGROUND

mmwwmumdummm
in the world devoted principally to the study of physical oceanography. In addition
thuﬁcﬂityinWﬂaMﬂﬂehumExperkmnulmvision
in Katsiveli (Crimea)andanﬁcousﬁaDivisioninOdma.

mmmbmﬁwsmp.mdmchmmﬂmommmhﬂm
havebeenacﬁveinthewoﬂdoceamonpmgrmmchuWOCE.TOGﬁ.md
JGOFS. Because of present budget constraints, work outside of the Black Sea is
restricted to contract investigations. The institute was founded in 1929 and the base
in Sevastopol was established in 1963, In addition to deep water physical
ocemography.mmshadacmﬁnmmmhcmmsheﬂw,md
opermsashelfmountedohsemﬁomlplatfomatadepthof%minmeBlackSea.
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The research interests of ‘MHI include: turbulence, hydrophysics, optics and
biophysics, ocean-atmosphere interactions, wave thecry, and dynamic and stocastic
modelling. The institute has a substantial design, development, and manufacturing
capability for the specialized instruments employed in its investigations. Because of
time constraints, the WTEC team was unable to visit the acoustics facility at Odessa,
and concentrated on the instrumentation developed at Sevastopol.

RESEARCH AND DEVELOPMENT ACTIVITIES

This report will focus on the instrumentation developed by MHI for its physical
oceanographic investigations, and will not discuss those research activities.

MHI has developed a family of towed and lowered CTDs. Of the towable systems,
Model MGI-1201 (see Figure Marine.1) can operate to a depth of 1.5 km and at
speeds to 18 kts. It utilizes a 6,000 m single conductor cable. Measurements
include temperature (resistance thermometry with a 80 m/sec time constant),
conductivity (induction), and a strain gauge type pressure sensor. An interface unit,
a digital display and output to an external personal computer, is supplied to provide
power. This appears to be an improved model of the Model MGI-4204, which has
a depth limitation of 1,000 m and a 1.8 sec measurement interval. The Model MHI-
9201 towed body (see Figure Marine.2) has control surfaces and can be maneuvered
in three dimensions. In addition to the CTD measurements, this unit also measures
light attenuation spectrally and the intensity of chlorophyll "A" radiation. Its maximum
depth is 200 m and the maximum towing speed is 12 kts.

MHI has developed a series of profiling systems that are lowered on a cable (see
Figure Marine.3). They can be equipped with internal battery power and onboard
data recording for use on the shelf with unsophisticated support vessels, or can be
powered from the ship for operations to depths ‘of 2.8 km. ‘In general, they profile
pressure, temperature, conductivity, dissolved oxygen, pH, and distance to the
bottom. They can be supplied with a 10 bottle water sampling module with about
1 liter samples. The Shick-3, the most advanced of these models, also contains an
electromagnetic current meter, and can be outfitted with sensors for turbidity and
chlorophyll fluorescence. The WTEC team was provided with information on a more
recent sounder (Probe OLT: see Figure Marine.4), which measures current velocities
with a multiaxis acoustical meter as well as the standard CTD capabilities. It has a
2 km depth limit.

MHI has developed vane, propeller, electromagnetic, and acoustic current meters.
Most of these systems can be supplied with an internal microprocessor for
autonomous operation for periods up to one year, or with data output to a personal
computer. They cover a range of applications from the Shist-1, an acoustic shelf
system that has a depth range of 50 m to the 3-D acoustic current meter Dit-1, which
operates to 6 km and includes a CTD measurement capability. This unit stores data
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onboard for up to.a year, and operates on twelve standard batteries. The team

oceanographic instrument company): The institute’s scientists have concentrated
utilizing the range-gated Doppler system. The worldwide charter of MHI has been
severely reduced by present economic conditions; it would appear that instrument
development efforts will be curtailed, as well.

Sensors and Devices for Oceanographic Survey. Cafalog of specification sheets of
MH]I instruments. 1993.

Marine Hydrophysical Instituts. General brochure on MHI; in English and Russian,

' with some fllustrations. 1882. , ,

Marine Hydrophysical Institute. Genersl description of MHI, ships, and towed
systems. 1992.
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Figure Marine.l. Towed CTD Instrument, Model MGI-1201
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Figure Marine.8. New Acoustic Current Meter Device
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% o V:i ~ ;7,;»:% ' Pt mm - Ii i mpt“
6,000 m ROV

Jean-Francois Cadiou Head of Underwater Computers Group
Dr. Vincent Rigaud Head, Robotics and Artificial Intelligence

Jean-Francois Drogou

Thohenchmmsﬁnzbbrdn,w&;ﬁmd&a&gorm&a
qmmentmﬁﬂtscbnﬂﬂc,Mmqumbs,mdacﬂon
development. It has a budget of approximately $160 milion (1882), with 1,200
personnel at five csnters (Boulogne-sur-Mer, Brest, Nantes, Toulon, and Tahit).
memspmibiﬁﬁesthatmmm”pﬂtbemnapmhdmarchprojecu
and operations.

IFREMER’s strategic pie » institute’s successiul program in manned underwater
vetﬂcles.suchasﬁnCyammdNauﬂ?s.hasaﬂomdFrmceﬂwcapabﬁtyof
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carrying out research and projects at water depths to 6,000 m. Other undersea
capabilities include the Sar, a 6,000 m deep towed side scan system, which provides
high resolution data for bottom acoustic imagery and subbottom profiling. In
addition, IFREMER has created two research laboratories for robotics and
underwater acoustics that have been associated with outside laboratories to
stimulate progress in applied research in key areas of underwater intervention.

In addition to manned submersibles, IFREMER has been developing remotely
operated vehicle capabilites. To maintain European leadership in deep 6cean
activities, a feasibility study has been underway since 1991 for the development of
a 6,000 m science-dedicated ROV. Total costs are estimated at $7 million, not
including manpower resources. The present schedule includes completion of
conceptual studies (1893), subsystem design (1984), and system integration and sea
trials in mid 1996. Although several 6,000 m ROVs are available commercially,
IFREMER feels that better control is exercised by conducting the project internally.
Also, since it is a science ROV, the institute has direct communication with the
research community. Specific features include a 20 mm fiber optic cable, 20 kw,
400 Hz, and a 300 m tether with two different down weights. The ROV motors will
be oil compensated, and :the electronics will be .in pressure ‘housings. Three
different tool sleds will be progressively developed for biology; geology, and sensor
packages. The ROV will have two manipulators and six thrusters at 5 hp each. It
will utilize two VME computers running VXworks real-time operating system, one on
the ship and the other on the ROV. Vehicle tracking will be conducted using a
combination of an ultra-short baseline system in conjunction with a long baseline

system.

IFREMER is also a major partner in a MAST II (Marine Science and Technology)
cooperative European project for the development of key technologies for a 6,000
m Abyssal Survey Vehicle (ASV). This is an autonomous, self-powered vehicle for
the surveying and mapping of deep ocean regions. The program is headed by the
United Kingdom’s Institute of Oceanographic Sciences (10S), and includes partners
from France (ECA and INRIA), the United Kingdom (DRA), Greece (University of
Athens), and Portugal (Hydrographic Institute). The project's feasibility study is
scheduled for completion in 1998, and includes a succinct preliminary design. Total
funding is approximately $2.6 million. The vehicle will use carbon fiber pressure
housings instead of syntactic foam. The projected range is 200 km at 2 m/sec, and
it will be able to survey a 5,400 m wide swath. The overall program objective is to
develop a cost-effective autonomous vehicle to survey the deep ocean regions.
Specific performance objectives include: independence from support ship during
survey; submergence time in excess of 20 hours; 200 km survey range per dive; and
deployment from existing vessels. Monitoring of the data quality could be done
using a French acoustic transmission system, TIVA, at up to 20 kbits. The ASV will




(EMER. Annual Repart. Department of Undersea Engineesing and Technology.
is in French. 1081. . . . .




Site: - Institat National de Recherche en
, Informatique et en Antomatique (INRIX)

2004, Routs des Lucicles - B.P. 83
06002 Sophia-Antipolis Cedex
France

Date Visited: May 13, 1993‘

Report Author: M. Lee

ATTENDEES

WTEC:

A Kalvaitis
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“HOSTS:

Bemard Espiau : Ditecﬁeurdalﬁtifut Superieur d'Informatique

Claude Samson *  Directeur de Recherche Responsable de

Project ICARE

Daniel Simon Charge de Recherche

Patrick Rives Charge de Recherche

BACKGROUND

Institut National de Recherche en: infermatique-et en Kutomatique (INRIA) is a
coordinating center for scientific cooperstion with scientists of the former Soviet
Union in the area of underwater vehicle techhology: INRIA performs basic research
in system design and in control architecture. . The institute works closely with
IFREMER, which does applied research in uniderwater vehicles. The concepts that
are developed under the ICARE project and that relate to underwater vehicles will
be demonsmd on the VORTEX test bed vahicle at MEMER. :

The underwater vahicle and sensor-based control research at INRIA is in the project
ICARE - (Instrumentation, Control, and Architectures in Robotics), headed by
Mr. Claude Samson. This project has fourteen full time people, including six
graduate students. The program has three principal investigators: Mr. Bernard
Espiau, Mr. Daniel Simon, and Mr. Patrick Rives. Mr. Espiau, who hosted the WTEC
team, was scheduled to transfer from INRIA to-Grenoble later in 1993, '




"hﬁadnnbmmdamﬁmdologyof
, ; ponents of a control system (which
is ahh &&ﬂ g&m and has real-ime programming
medhmicalmm These activities are organized into

fhree major projects.

Mr. Simon presented his group’s work on sensor-based control. The group is
currently using vision as its primary sensor for local control. The scientists are
interested in integrating sonar and vision. They would like to use the fusion of this
data for local terrain sensing and for a reference for their control system.

mwmmmmmmmmmmmmwmmmh
platform. Amahﬁimhmphﬂomﬂmmdﬁutwmbe&aw&m:ﬁm“
technology test bed. Underwater applications of the technology are done jointly
with Mr. Vincent Rigaud at IFREMER.

MAummﬁmmﬁso{denowspndcomdiawr

systems. The imtituhs sdum m working on control schemes using time
varthcon&olfornodanlonomclm

Although video semmg is bemq done at Sophia, the work on video servoing using
optical flow is being done at Brest.
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necessary to compiate the task. . INRIA:is not- working: on bullding a.large scale
world model of its envirorausnt. Rather than work from a world model; the institute
kfocusmgon&aporﬁonofﬁwwoﬂdﬂmtcanbesemed&ommevehxcle
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gonar survey and to make maps from the data. Now INRIA is doing work on defining
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sensors, actuators, and control tradeoffs for the MAST project ARSUAUV (Advanced
Research System for Unmanned Autonomous Underwater Vehicles).

The institute is interested in research in underwater intelligent operation. This
includes sensor-based control, programming tools, and man/machine interface. The
team saw demonstrations of automatic program generation. The inputs to this
program are the tasks, the communication links, and the modules that define the
servo algorithm to be used. The geometry of the robotic system can be input
through a computer assisted design environment. The output is C code that can run
in a VXworks environment. INRIA scientists also demonstrated a code simulation
system which allows the user to simulate sensor inputs and line-by-line code
execution.

INRIR is a basic research organization that is creating technology in software
architectures, sensor-based control, and control systems. INRIA is a leader in this
area of research. This research is creating enabling technology that will have a
significant impact on underwater vehicles. Software architectures that allow easy
integration on local sensor-based control will open up the field of underwater
experimentation and new methodologies for scientific research using underwater
vehicles. It can lower the cost of doing science underwater by reducing the
dependency of the vehicles on large scale positioning capabilities.

INRIA has only recently entered the field of underwater robotics and is interested in
expanding its role in this area of research.

"Computer-Aided Design of a Robot: Controller Handl&\q Reactmty and Real Time
Control Issues." December 1893.

Espiau, B., F. Chaumetts, and P. Rives. "A New Approaéh to Visual Servoing in
Robotics." IEEE Transactions: Robotics and Automation, Vol. 8, No. 3. June
1992,

Martinet, P., P. Rives, P. Fickinger, and J. Borrelly. "Parallel Architecture for Visual
Servoing Applications." Workshop on Computer Architecture for Machine
Perception Paris: 1991. :

Rives, P. and R. Pissard-Gibollet. "Reactive Mobile Robots Based on Visual Servoing
Approach." AIS 92. Perth: July 1992.

INKRIA Brochure. 1992.



a14

- Site:

RepotAuthor . Mlee

RATTENDEES

WTEC:

M. Lee

James Crowley, Ph.D. Professor, Imtmt National Poiybchnique de
Patrick Reignier : - Ph.BCmddnta,AcﬂveV‘nienmdMabﬂe

Laboratoire d'Informatique Fondamentale et d'Intelligence Artificielle, or LIFIA, is one
of seven research laboratories that make up IMAG. Other labs include INRIR; INPG,
U]P.CNRS.L@.MLDS mummmm Omdiﬁsioncmtaim
artificial intelligen 'lﬂiwﬁmﬂlicn. mmmeﬂu
group PRIMA - Mobile Robotics and Active Perception. There are thirteen Ph.D.s
and Ph.D. cmddnesinti\ismwl&hhnabudgeteﬂhﬂlionmplm
salaries.

Mgmuphmnucﬁngthebﬂicmchmlmmatwﬂlembhmorbmd
eentrol -of rermote’ vehicls mmmammm.m
mmd&anamr@%au%?“ rol system ,

applicable t6 underwatsr vehitie
collaborative efforts that will demonstrate their research on nndem v.mc]“

oL
i),




Appendix D. Site Reports - France 218
RESEARCH AND DEVELOPMENT ACTIVITIES

The laboratory has a program in navigation and ¢ontrol from local sensors. The
WTEC team first saw a description and then a demonstration of LIFIA’s system on
its simulator. It is comprised of a series of sonar sensors that are mounted to look
out horizontally around the periphery of a mobile robot. By processing the data from
these sensors, the distance to a barrier or. wall is determined. Points that are
continuous and in line are linked and defined as being part of a wall segment. Wall
segments are matched against a world model for fit. If a match is achieved, the
vehicle uses its estimated position in this world model as an input to its global
navigation system. It is able to be commanded relative to its global position as
determined from the sonar or it can be commanded to respond directly with respect
to the sensed batrier, as in obstacle avoidance or tracking. The data from these
disparate types of sources are brought together and fused in an extended Kalman
filter.

The technologies that we saw (including the research vehicle, software, video sensor
subsystems, sonar subsystems, navigation, control, and sensor fusion) all seem to
be applicable to underwater vehicle systems. Overall, LIFIA’s work seems to be
competitive with work in the United States and in other countries. The laboratory
seems to be funded at a level that allows it to have a reasonable computer and
hardware environment for its research. The laboratory’s scientists are converting
their software operating environment to VXworks, which will make them compatible
with many research organizations in the United States and will make interchange of
software more feasible. They are interested in joint projects with IFREMER and
other French underwater wvehicle research organizations to demonstrate their
technology underwater. Active vision and control, using sensing of local terrain data,
are potentially important technologies in the future of remote underwater vehicles.




aze Appendix D, Site Reports - France
Causse, O. and J. Crowley. ammwm-mw

'ma.mdf mwutmmmdomus.mm-
WCrowhy J. and P. Rilgrier. Asynchmmcmtmlofwonmdﬂ'mhﬁonbr

amvm*ssaa _
Crowley, I, P. mme Schmid. m«mwmma i
Objects." March 1883, ,

|

en;vby] PMTM&O Puwm.'ﬁomntmd
: Mﬁene!&—tlmmmhymmm -

VisfonasProceas.EapritBuicResemhAcﬁon.BRSOSS/BR?lOﬂ.

il
B

e ha i




APPENDIX E. SITE REPORTS - UNITED KINGDOM

Site: Institute of Oceanographic Sciences
: .Deacon Laboratory
Brook Road, Wormley
Godalming, Surrey GUS 8UB
United Kingdom _
Telephone: Wormley (0438) 684141
Fax: (0428) 683086

Telex: 888833 Oceans G
Date Visited: May 11, 1993

Report Author: B. Mooney

ATTENDEES
WTEC:

D. Blidberg
C. Brancart.
L. Gentry
B. Mooney

HOSTS:

Dr. Peter G. Collar
Dr. Keith H. Scrimshaw

BACKGROUND

Deacon Laboratory is a major United Kingdom deep water laboratory. k is the
international headquarters for WOCE. Recent past efforts have included a
multilayered numerical model of the Southern Ocean, which will eventually extend
to global oceans. The forfe of the Deacon Laboratory is interdisciplinary deep
ocean science, including both modelling and observations, closely supported by
innovative technology. The current thrusts of the laboratory involve marine physics,

chemistry, biology, geophysics, and geology. Ocean tools developed there include
GLORIA and TOBL

Deacon Laboratory is funded at a level of about £9 million a year by the National
Environment Research Council. There are plans for Deacon Laboratory to move in
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the next year or two to“Bouthamy
Southampton. Deacon Laboratory employs about
scientists or engineers. 'ﬂ\etechnolow group is composed of 48 o,

The others are: Oh&krmﬂmoltSeaﬂand.andleoummdProudmanm

dlities &t $he:Déecon:habotatory include a tow tank and pressure
testing facilities. Deacon La boratory-has close ties with the laboratories of the
Defense Research Establishment, with academia and with industry.

IFREMER (France), INRIA (France), the Defense Research Agency (UK), the
National Technical University of Athens (Greece), and the Instituto Hidrogréfico
(Portugal). \

A major project at Deacon is the Autosub project, which may involve as many as
three autonomous undersea vehicles. The present thrust of the project is the
development of a demonstrator test vehicle, which will have full ocean depth
m,mbumammwwmmcmh
the water column. Whenever it surfaces it will re navigation data from GPS and
anydesiredmprognmh\qdowntothemodtﬂelml. While on the surface,
through the second of two antennas, it will transmit oceanographic data guthered
and its geographical position. The task is to cross the Atlantic gathering data as it
proceeds. The third AUV, tentatively dubbed DOGGIE, is being:designed for sea
ﬂoormloraﬁonwimmiuiomofﬂuaetoﬂvedaysanbout—sm; :

The Autosub project commenced in 1988. Several workshops that are part of the
Autosub project asked scientists for requirements that such AUVs might satisfy. This
resulted in the commissioning of 20 studies. The Autosub project receives about
£780,000 in funding per year. These project funds have enabled the development
of & dynamometer capable of working subraerged and undet pressure to determiine

, vis seawater lubricated ceramic bearings. This community research
program led by Deacon Laboratory involves industry, the Defense Research Agency,

The Autosub prbject rhas three phases:

Phase I: Foctusing on pressure hull (carbon fiber), buoyancy conttol at depth,
propulsion, hydrodynamic coefficients (from 3/4 scale model), GPS
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navigation. The critical peth includes pressure hull and variable
buoyancy control.

Phase II: Subsystem tethndlogy devefeﬁnlent will determine the design. Batteries
have been selected as the enerqy source.

Phase IlI: The main thrust of this phaseis to produce the demonstrator test vehicle.
The goal for this is 1997.

Phase IV: Evolution to Dolphin and DOGGIE.
The Autosub project at this time is examining the use of correlation sonar, subsea

navigation, and low drag research. The project intends to use off the shelf
electronic hardware.

The Autosub project dominated the team’s conversations at Deacon Laboratory.

1991-1992 Report of the Institute of Oceanographic Sciences. Deacon Laboratory.
Scientific Autonomy in the Deep Ocean - Autosub. Brochure.
Nautilus. Newsletter of the Autosub CRP. Issues 1-5.
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Marconi Underwater panty within GEC-Marconi,
s 5,600 people at twelve

an applied research lab. The company’s headquarters is in Waterlooville, and its
fonnersubsidia:y,UDl(nowFuqroUmumUDIsibrepon)isinAberdoen.

does suggest, however, that much of the develop infrastructure at Marconi

(tools and techniques, project managemant, testing, and fabrication) hes helped the
company’s scientists and engineers during the development of ODAS.
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The system design philouophy is to focus on a specific market, develop a low cost
solution, get the vehicle in the witer, and let it evolve. Marconi suggests that the
ODAS system should be pticed in the SIDO 000 to $200,000 range.

The ODAS vehicle was launched obhtaen months prior to the WTEC panel’s visit.
It is being jointly undertaken by Marconi, Moog Controls, Chelsea Instruments, and
Alupower. Its primary mission is the collection of oceanographic data through the
use of instruments developed by Chelsea. The wvehicle is 21" in diameter and
approximately 20 ft long. It has an endurance of 36 hrs (24 nominal) and reaches
a speed of 8 kis. It currently has 37 kWhrs of energy that is divided between
propulsion (68 percent) and payload (36 percent). A future aluminum-air system
under development by Alupower will be used to increase the energy density of the
onboard battery in order to reduce the size of the vehicle. The vehicle will turn in
200 m of water with its current configuration and will reach depths of 300 m. The
hull is of aluminum alloy. The computer system is based on the Intel 386, with
software written in ADA. Structured programming techniques are used within the
ADA software development environment. The payload weight is 486 kg within a 20"
long section of the body.

The wehicle has no obstacle avoidance sonar, but does have a minimal
communications capability that currently allows an abort command to be sent to the
system. More complete communications are planned with the eventual capability
of transmitting data back to the remote user. The system is positively buoyant and
also includes a droppable keel for emergency recovery.

Trial runs have been conducted in Portland Harbor with success. The vehicle
transited along a predefined path at a depth of 10 m.. A simple yet effective launch
and recovery system has been developed for recovery of ODAS. The recovery
system is towed behind the mother ship and a line is fed through the device and
attached to the ODAS system during recovery. The vehicle is then winched (pulled)
into the cradle and locked in place. The entire system is then recovered.

A small, fiber-optic cable controlled system was briefly discussed. It was felt by
Marconi representatives to be a unique system that might have many applications.

CONCLUSIONS

There is no question that this company has many capabilities in the design of
undersea vehicles. Marconi's scientists and enginsers are looking hard at
commercial applications of this technology and have a number of thoughts on what
those applications might be. - Marconi is continuing to explore the potential market,
and believes that low cost systems have a role in that marketplace. The launch and
recovery system for the ODAS wehicle is a good uamplo of the company's efforts
to develop innovative, low cost solutions.
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Reson Systems discussed in detail its Seabat ﬁémr systems.
Seabat 6012 L

The Seabat 6012 was developed in 1860/199]1 as a resl-time imaging sonar for mine
cotmter measure from ROVs. The operatifyy frequency is 486 kz, and the acomtic
window is 90° horizsonal and 18° vertical. The systert’s range-is from 2.5 1o 306:m,
mdihmeiuﬁnn#ﬁ&m ﬂbmmhmmmmwkmnﬁyb
_f;fﬁmm “The system’s capability is equal
toalmd-buudcmv Sutity system. InOctober 1991, Reson announced that “The
Seabat MIZEﬂwmﬂd'std-ﬂ:mdoceorﬁcﬂyacmnlmmwsow
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Seabat 9001

The Seabat 9001 multibeam bathymetric sonar is a high resolution sea bed mapping
and profiling system for use from ROVs or surface crafts. The operating frequency
is 465 kHz and the acoustic window is 90° by 1.5° cross-section footprint. There is
a real-time color display of the sonar image with the ZX coordinate superimposed
in profile. The system is capable of inputting the data into high grade survey
software packages for integration with position and attitude sensor data, therefore
providing a means to conduct accurate surveys in greatly reduced time scales. If
a roll, heave, and pitch sensor package and a Doppler Velocity Log are
incorporated with the sonar, position accuracy better than +1 m can be maintained
with a datum check at 1 km intervals. The Seabat sonar system'’s characteristics are
given in Table Reson.l.

Table Reson.1
Seabat Sonar System Characteristics

488 kHz 455 kHz
2.5,8,10,286 m 2.5,8,10,28 m
Resolution 8 cm 8cm

# Beams 60 60

Horizontal 1.8° Recvr. 1.8° Recvr.
168° Transm. 100° Transm.

18° Recvr. 18° Recvr.

18° Transm. 1.8° Transm.
Power 24 VDC (Subsurface) 24 VDC (Subsurface)
2 amps (unit) 2 amps (unit)

3‘ Tow Speed 10 kts 10 kts

Depending on the cost of these systems, their general characteristics may justify
taking a hard look at them. :
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The Seabat Range of Muldbearm SamrSystamBrochm |
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Site: Slingeby Engineering Ltd. (SEL)
Kirkbymooreside
York Y08 6BZ
United Kingdom
Telephone: (0781) 31781
Fax: . (0781) 81388
Telex: 87011

Date Visited: May 12, 1993

Report Author: C. Brancart

ATTENDEES

WTEC:

D. Blidberg

C. Brancart

L. Gentry

J. Mooney

OTHER:

J. Sampson (ONR London)

HOSTS:

David Hartley, B.Sc. Technical Manager

A.G. Coulter, B.Sc., Ph.D. Deputy Technical Manager

Brian Forbes, O.B.E., M.N.L Consultant, Submarine, Marine, and
Underwater Systems

John Digman Slingsby Aviation Ltd., Marketing Director

BACKGROUND

Slingsby started business by being part of ‘BUE, a holding company owned jointly
by the British government and commercial entities. In 1986, ML Holdings was
founded, and Slingsby Engineering became part of a multidivision corporation.
The firm is located in the Kirkbym ide countryside near Thirsk, halfway between
Manchester and Newcastle. At this location, . there are two separate Slingsby
companies: Slingsby Engineering, which is involved with underwater hardware and
systems, and Slingsby Aviation, where the 767 Firefly, military basic training aircraft,
is fabricated.



Underwater equipment:  Underwater communications equipment (UQC-type)
Underwater connectors

Engineering services: Design studies
SubSea engineering
Training and service personnel

Test facilities: Pressure
Bottom
Wet

Sﬁngahyhumpecﬂbletestfacﬁﬁes.espechﬂyiotmm. It has numerous
smallpmwx,,ehnks.andalargahasttank,&&mlonqxz.smdimtar(z!ltlbng
xlonm).rmdfor'l.mﬁdnawater(3.350psi). SEL uses water as the
test medium and has numerous throughput wires for testing, but no temperdture
controls. 'I'tmwettankisSOftxlOftxlzftdeep,andmemud/bommbasinis'lm

x24m.

Slingsby Engineering has desmdpndbtﬁknummmd,mbm in the past,
bmcm:ummwnmdhsuchthﬂ&wcommyhonlymhedd&tummd

1,800 &t and is capable of canying rine rescuees on each fip. Number § boat is
pmenﬂyonstand-bydmyfar&em Navy. In 1986, Slingsby designed and built
operating depth. 'l‘!&marhtmahortﬂwébacmofﬂ\eusndtowud
unmanned systems, the ROVs. Other previous projects have been the Scarab Il
mmzmmmmrmmmmmmmgm pabilities, and a
sysbm,toplmawryla:qaemrphnmrthobmim-hqcnhlesofasuﬂace
platform. SEL also performed the Dolphin 10K study, which has ended up being the
10,000 m ROV for Japan. - = -

is ating on large working ROVa. The company started

with the FROUAN series, and 5 now bullding the MRV seties.- Assoc ated suppott
equipment ranging from power packs and manipulators to handling systers are also
being developed. =~ - - ; . R

T
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RESEARCH AND DEVELOPMENT ACTIVITIES

Slingsby’s major product line consists of the large ROVs and associated support
components and systems. The Trojan ROV, which is approximately 7 ft x 8 ft x 5 ft,
4,000 lbs, and rated for 3,300 ft, was the first of a series. 'The company’s scientists
and engineers built thirteen units and sold twelve: They made the mistake of
showing their customers the next generation unit, the MRV ROV, and the thirteenth
Trojan unit is still for sale. Typical of the Slingsby philosophy, the system is
modularized with optional power packs, variable ballast option, and seven function
master/slave to five functioni manipulators, er both.. Each wehicle comes with a
topside control van, rated for offshore platform use, handling systems, both the
surface winch and A-frame, and the underwater garage. “Additional options are
available based on customers’ needs.

The multirole vehicle (MRV) is designed to be flexible. There are many possible
variations available (see Table Sling.1).

Table Sling.1 .
Dasign Variations of the MRV

| Height (m)

| Depth Rating (m)
| Air Weight (kg)

The options are as varied as the customers' needs. Vehicle:options include power,
tools, cameras, lights, and navigation equipment. Systems options are umbilical (soft
or armored), topside handling systems, control cabin and consoles, tether
management system (TMS), and specialty work skids. Special work packages have
been added on to the MRV that are larger that the ¥8hicle itself. The complete MRV
system (with all ancillary support equipment along with customer training) sells for
$ 2 million. MRV number 8 is presently in acceptance testmg

In addition to fabricating MRVa, Slingsby also continuall§ augments and upgrades
subsystem capabilities, especially vehicle thrusters, power units, manipulators, and
tools. Examples of what is available are listed in the references. The MRV units are
completely modularized in design, and component variations are easily incorporated
into the vehicle.
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systems, and not as in&penden: e:tomal mpﬁrl:m M

M@mwwawmmmmmwma
AUVs. The customers, the oil companies and the support service companiss, are
suspicious of autonomy.

nuamm, ration onds ve
mxtqammmtems Thecompmy’swowﬂ\evolmlih&noﬂpatch slowly
and deliberately.

REFERENCES

Siingsby. General brocture.

Gerald O'Brien. Submarine Escape and Rescue.
Trojan: Quietly Getting On With m-lob
manmv Twmsmaﬁm-

Specialty Tools:
20 Ib-ft torque tool; 6, 000 Ib-ft torque tool; tool doplomnt systam (TDS),

lxﬂdapreuorswtem(LIDS).ﬂmdmlecﬁonstabunit.docldnqhtch.




Site: : ) The Marine Technology Directorate Lid.
™Mm

Innovation Center
Ofishore - Park
Bridge on Don
Aberdeen AB23 8GX
Telephone: +44 (0)244 827 008
Fax: +44 (0)a44 827 017

Date Visited: May 14, 1993

Report Author: C. Brancart

ATTENDEES

WTEC:

D. Blidberg

C. Brancart

L. Gentry

J. Mooney

OTHER:

J. Sampson (ONR London)
HOSTS:
Dick Winchester Office Manager

BACKGROUND

The Marine Technology Directorate (MTD) is a United Kingdom-based association
with an international membership. The membership comes from industry,
government, research establishments, academic institutions, the U.K’s Science and
Engineering Research Council (SERC), and the Royal Academy of Science. The
members have significant interest and capabilities in ocean-related technology, and
their membership level entitles them to certain privileges. MTD advances research
and development through its funding of marine technology studies via academia,
research institutions, and industry. Many of the ongoing programs are managed by
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the sight mazine technology.centers.. Presently, MTD operates programs with a total
value of $9.6 million in three broad aress:

o Research and developri
o Education and'tagieieng -~ -
o Publication and mm services

The marine Mﬂ“‘ are iﬁmﬂnﬂv under contract are:

Marine folotsone - -
Underwater working
Physical ocean environment

00000

North Sea oil and the commercial market interests motivated the creation of MTD.
Nevertheless, the technology developed is of interest to commercial, enviraruenal,
and miilitary concems.

Marine Resources

The major thrust has been directed toward the needs of oil and gas en&avors,with
the balance (10 percent) directed to mineral resources, energy, and bioresources.
The 1990 budget was $1.6 million.

Ooceen Structures and Matsrials
During 1990, there were forty-five pxojecuandsixnmmdpmgzarmbudaeudfor

a total of $3.7 million. Major topics urider evaluation are: structural ‘integrity
monitoring, defect assessment, fatigue, stress, buckling, grouts and grouting,
corrosion and fouling, foundations and piles, welding and materials, concrete, other

ocean structures’ (e.g., pipelines) designs, and decommissioning of structures.

automation, automation technology, and underwater working. The annual budget in
1990 was $880,000. :
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Ship and Floating Structures

Programs in this area involve compliant systems. wire rope and cables, shipping
semisubmersible technology, and floating structures. In 1990, the budgét was $1,1
million. Areas of high interest have been fire safety and offshore rehahility

Physbleumelmmmm

Studies pursued are fluid loading, ocean environment, and coastal engineering. In
1990, the budget was $600 000.

The advancement of unmanned underwater vehicle (UUV) technology has proven
to be of value to both the civil (commercial and scientific) and military sectors of
marine operations. The needs of the civil sectors (namely the offshore oil and gas
industry, the search and recovery industry, and the scientific community) and those
‘of the defense industry cannot be met with existing available technology.
Consequently, MTD has undertaken the Technology for Unmanned Underwater
Vehicles (TUUV) program. This is a two-year, $2.4 million program that was started
in October 1992. The problems to be studied under TUUV include work that is
fundamental to the development of truly advanced UUVs. TUUV. has identified six
major missions:

Pipeline surveying (inspection and routing)

Offshore platform IRM (inspection, repair, and mamtenanoe)
Wellhead and satellite wellhead IRM

Seabed object detection and classification

Subsea construction

Wet salvage

O 00O0O0OCO

Based on the review of fifty-three proposals rsaehad. twulve were selected to form
the TUUV Program Portfolio (see Table MTD.1).

SUMMARY

MTD appears to be a cohesive force to tie together the oﬂshore and ocean industry
needs and available knowledge. Its major operating area is the North Sea/European
sector, but it is forging closer links with North Amenca and the increasingly
important countries of the Pacific rim.

MTD is a relatively new multifaceted spin-off from the SERC organizational structure.
Apart from its research efforts, activities include marine technology student ships,
training and master of science courses, society for underwater tschnology, and
international collaboration. Several European Community marit:me e!forts are given
in Table MTD.2.
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- Table MTD2
EC Muritime Activities

Marine Science and Technology program
under Directorate XIII of the EC Brussels

WEGEMENT West European Graduate Education in
Marine Technology

IFREMER Institut Francais de Recherche pour
I’ Exploitation de Mer

University Enberprise"l‘raining Partnership

Note: The MTD office in Aberdeen was opened in 1992 to service North Sea
interests. The major point-of-contact for MTD is:

The Marine Technology Directorate, Ltd.
18 Buckingham Street

London, WC2N 6EF

United Kingdom

Telephone: 44-71-321-0674
Fax: 44-71-930-4323

REFERENCES
Technology for Unmanned Underwater Vehicles (TUUV). Prospectus.
MTD, A Focus of Intemnational Activity in Ocean Technology. Brochure.
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BACKGROUND
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industry.

RESEARCH AND DEVELOPMENT ACTIVITIES

Camera Alive has developed a basic stereo video system that has been augmented
for noncontact measurement capability.

|
i

...
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DC2: ummmnwmm

The DC2 is a h.lgh resolution diqltd an'ay camera designed for underwater use to
1,000 m. The system hu ﬂwfcﬂowhq iedurss

Operates under the PC snvu'omnt (MS-W'mdows based software control)

1242 x 115218bn&mtaldatawtput

Does not require specialist frame-acquisition hardware

Extremely accurate calibration is enabled through full pixel for pixel
correlation

Supplied as a fully operauona] system including camera and RS 422
card, rated to 1 Mbits/second), software, surface cabling, ready to
work with standard 386 personal computer

NCS2: Noncontact Video Msasurement System

The NCS2 is a noncontact measurement system with video input. The system is a
fusion of software and hardware to:

0 00O

o

Capture video from video cameras VD] and VD2

View real-time stereo video in color

Take dimensional measurements from the captured stereo video
Output these measurements to a CAD

0 00O

The system operates with MS-Windows, allowmg nonspeclahzed users to operate
the system with minimum training and experience.

SUMMARY

Camera Alive has: opemnonal eqmpmant 1hat has proven to be successful in the
underwater environment.

REFERENCES

Camera Alive. General write-up.

DC1: High Resolution Digital Array Camera. Brochure.

DC2: Underwater High Resolution Digital Array Camera. Brochure.
NCS2: Noncontact Video Measumment System. Brochure.

Stereo Viewing and Noncontact 3D Msasm'smem. General brochure with useful
information.
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Angus-4 was designed in the early lQﬂBs,butmmﬁfbuﬂtduetomnding
constraints that have continued to hinder further development of UUVs at HWU.
Operation of Angus-3 has also been halted by funding constraints. Due to the lack
of funding for development of UUVs, HWU has changed the development emphasis
from vehicles to key UUV subsystems for ROV and AUV applications (e.g., acoustic
and optic sensors, signal processing software, robotic systems, and
knowledge-based systems). In line with this approach, the university has evolved
a very capable set of laboratories to accomplish this objective.

Supporting the departxnent"s work are five laboratory complexes:

o Computing Laboratory ;

o Electronic and Electrical Laboratory
o Telecommunications

o Human-Computer Systems Laboratory
o Ocean Systems Laboratory -

: 2 ogy
Directorate research and development programs coordinated by the MTD office in
Aberdeen (see separate site report on MTD). \

and components reach- commercial " usefulness. - Nonetheless, HWU's
accomplishments -- both in‘'scope and depth -- are impressive.
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minimum of operator involvement. The work is at an early stage yet but is making

Neeos, and the Mediterranean Sea.. The -will: be

propagation models and support design of high data rate acoustic communication
systems for AUVs.

A
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Forth Base Project

In conjunction with- EEVMAC, HWU is developing the Firth of Forth as a
communications test range. Acoustic instruments in the Forth will transmit and
receive signals that are then carried by subsea cables to a new base at Leith
Harbor. The signals are microwaved directly to the laboratory at HWU, allowing the
range to be used in real-time testing and interaction between the scientist in the lab
and the sensors in the field. This permits a real-time evaluation of communication
signal propagation and system effectiveness. The range will be ready late this
summer. ‘

Other Projects

The team also visited Dr. Laurie Linnett's Image Processing Laboratory, where
research projects related to interpretation and classification of sonar images are in
progress. The lab is largely funded under the Technology for Unmanned
Underwater Vehicles program managed by the Marine Technology Directorate (see
separate MTD site visit report). One project is developing algorithms for rapid
processing of entire side scan seabed surveys, using fractal - techniques to
characterize the seabed sediment textures and then employ probability statistics to
identify abnormalities in the textures. In this way rapid processing of very large data
sets can be achieved. Another project is developing real-time processing of side
scan sonar data to locate unsupported sections of pipeline for the oil industry. A
third group has been working on object detection algorithms for sonars for some
time. The group has achieved excellent detection rates and is now focusing on
improving detection of objects against different backgrounds and clutter. Other
work in the lab is directed toward compression of sonar data to achieve manageable
sized data sets from high-output, modern sonars. The results will allow more
efficient storage, manipulation, and transmission of data for real-time operations. Yet
another group is working on mathematical and graphical techniques for simulation
of side scan sonars to better understand the sonar process and aid in the projects
involved with acoustic detection and classification. Linnett's laboratory continues to
do outstanding work that is well funded and recognized. The demonstrations were
well organized and impressive, and it was obvious that the team of researchers are
highly motivated and productive.

SUMMARY

HWU has done outstanding work in many areas related to underwater vehicles and
intelligent subsystems relating to robotics, acoustic imaging and communications.
The university’s program has the objective of integration of all these intelligent
subsystems to accomplish useful demonstrations with ROVs and AUVs in the ocean
environment. HWU has been one of the pioneering forces in the area of UUV
systems for over two decades, and has a well deserved reputation for excellence.
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Site: Mobil Nocth Sea Ltd. :
Grampian House, Union Row
Kberdeen ABl 18K, Sootiand
United Kingdom
!olnphonl: 0224 868 371
, 0234 888 877
'l'.hx: 30438

Date Visited: May 14, 1993

Report Author: ; C. Brancart

KTTENDEES

WTEC:

D. Blidberg

C. Brancart

L. Gentry

J. Mooney

OTHER:

J. Sampson (ONR London)
HOSTS:
Donald G. Langrock Development Engineering

Mobil is one of the users of the technology and hardware developed by firms with
ocean-oriented products. In its position, Mobil can direct the technology to places
where it is needed. The Mobil-FSSL: Diverless Intervention System is a prime
example of this operating mode.

The object of the Mobil Intervention program is to maintain a subsea "tree"
(completion system) by an ROV in water depths to 1,000 m. The justification for this
program is cost savings. For example, two cases were presented that review
operating costs (see Table Mobil.l).
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(Monetary figures given in U.S. dollars)

Unplanned Intervention,
2 Working Days on
Location

Savings

The benefits derived from this capability are:

Reduced installation and maintenance costs
Increased safety
Reduced weather-related downtime
- Delivery by an ROV of opportunity
Working depths to 1,000 m

0O00O00O0

evaluaﬁed. Thebmcnov:smsxmabymvm'add-onmdussm
size. Mutaﬂelunbmmmm B ,

subsea compléﬁon system needs: T
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Autonomous navigation '
Better ROV trusters (mom vahicle control)

Better and faster data communicahons (7 to 10 km is present limit)
New manipulators

Supervisory control-

Lock-on capability

Tactile sensor systems

3-D video to operate manipulator without operator intervention

]
o
o
o
o]
o
o
o

Mobil-FSSL Intervention, New Frontiers, New Technology. Brochure.
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Date Visited:
Report Author: C. Brancart

ATTENDEES
WTEC

“;np
Hi

§

OTHER:

J. Sampson (ONR London)

HOSTS:

mpiumoRe Mg
BACKGROUND

Tritech Ltd. appears to be a very small company. Company representatives
introduced Tritech by stating the following:

o Seabat is the best electronics scan sonar
o UDI is the best mechanical scan sonar
o Tritech is the best cost-effective sonar

All Tritech systems have PC-campatible hardware (PC 488-80 with two to three
proprietary boards). Their display used MS-Windows, where on a single monitor it
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is possible to bring up the scan display, the video display, and the sonar display, or
whatever combination of displays the operator wants. All of the data is logged and
is recallable. '

Tritech has produced many types of small iomr. The company even hard-canned
one of its units for subsea display by frogmen.
SUMMARY

Tritech did not have brochures to pass out to the participants. However, indications
are that their products are very inexpensive and could be of interest to others.
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Date Visited: May 14, 1903

ATTENDEES

WTEC:

D. Blidberg

C. Brancart

L. Gentry

J. Mooney

OTHER:

J. Sampson (ONR London)
HOSTS:

Guthrie Robertson Product Sales Manager

BACKGROUND

wmm.ammua-mdmmmmmm
may have technical and manufacturing depth gained from its parent company.

'mmmnldhm,lﬂjs.nﬂjmm-mmw Pugro-UDI
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RESEARCH AND DEVELOPMENT ACTIVITIES

The Sonavision 4000 high definition sonar system incorporates a new composite
transducer array and digital processing ‘that has closed considerably the gap
between underwater television pictures: and previous sonar systems. The
interpretive qualities of the unit are defined by the target’s shape, size, color or
shade variation, and shadows. This permits the operator to more effectively identify
targets. Some of the system’s unique features including the following:

Real time acoustic zoom
Audio output representing range and bearing
Built-in joystick for range and bearing cursor
Infinitely variable sector and position overlay
Selection of display modes in recordable S-VHS standard
- HPIB/RS 232 interfaces for acoustic and cursor data
Choice of telemetry link to suit umbilical
Wideband composite array technology
120 colors, either 382 x 256 pixels (recordable), or 640 x 480 pixels for high
resolution monitor or printer

000000000

The composite array is the result of UDI's newly developed technology. The results
are wider bandwidth and much greater efficiency in the conversion of electrical
energy into mechanical energy.

REFERENCES
Marconi UDL Profiles. Brochure describing key people and projects.

“1-3 Connectivity Composite Piezoelectric Materials for High Frequehcy (>100 kHz)
Transducer Arrays." - .

UDI Sonavision 4000. High Definition Sonar. Brochure.




Date Visited:

Report Author:

Seppo Seppala President
Jari Lind Product Manager, CAE Services

I i u spicnatb 7
the two Mir class 6,000 m depth capable research submersibles that were delivered
to the former Soviet Union in December 1987. Rauma employs over 100 people and
has sales of about $30 million.
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RESEARCH AND DEVELOPMENT ACTIVITIES

The WTEC team was given presentations on the coinpany’s capabilities by
Mr. Seppo Seppala, president, and Mr. Jari Lind, product manager. .

Rauma has broad expertise in various undersea and high pressure areas from design
through construction. The company has manufactured two deep submersibles
(6,000 m) and a 300 m diver lock-out submersible. Rauma has also developed
buoyancy materials, ballast pumps, a seawater hydraulic pump, and battery
packages. Other specialty designs have included a hyperbaric welding spread, a
deep ocean corer, decompression chambers, and hyperbaric simulators.

Rauma Oceanics has broad expertise in maraging type ultra-high strength steels that
were used as pressure hull materials for the Mir research submersibles. Maraging
steels offer superior strength/weight ratios compared to titanium, and since collars
for viewports are integrally cast with the pressure hull, large diameter viewports are
possible. The company could readily build full ocean depth systems if there was a
market demand.

Rauma’s design capabilities are based on computer aided engineering. This
includes a 3-D layout design of complete systems and assemblies, geometry from
a 3-D model database, dimension drawings for manufacture, finite element analysis,
and the documentation processes. The design software codes (CATIA, VERTEX,
IGBS, CAEDS, ANSYS) were also described. Other undersea developments include
a 7,000 ft, 22 pound/ft’ syntactic foam using special microballoons and a 6,000 m
rescue device for submersibles. The team was also given a short tour that focused
on the company’s DLO-300 diver lock-out submersible.

An interesting innovation has been an air independent power system (AIP) that is
pressure compensated and can be used in depths to 6,000 m. Rauma’s RDP-100
power pack, an autonomous Rankine engine, has been successfully used in an
autonomous vehicle. The normal power is up to 80 kW with virtually unlimited
operating time. The Rankine engine is very reliable because there are few moving
components. Rauma designed the special bearings for the turbine. The system
weight is 980 kg without fuel. Efficiencies of 30 percent have been achieved. AIP
could have broad applications in special ROVs, deep-sea research stations, and
submersibles.

Rauma also has test capabilities that include a 2.8 m diameter, 6.0 m high, and
1,800 m equivalent pressure tank, and a 4 m diameter, 12 m high, and 1,000 m
pressure tank. Det Norske Veritas (DNV) has provided Rauma Oceanics with an
umbrella certification.
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In summary, Reuma Oceanics is a leader in maraghty - Sonstiaction and
capabilities in other undersea technologies. mmsubm:siblesmmﬂ-dosimd
'Mo&mmammemwmd&w world’s mmddmng
capability to 6,000 m. -

Rauma Oaamm

Hypebaric Training Semester. Brockure.
HBO Modical Troatment Chamber. Brochure.
Rauma zmmm

Drass - A Rauma Subsidiary. Brochure.
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ABS
ADCP

Al
AIP
Akademik

Angus-1
Angus-2 & -3

AUV

‘Batfish
Bathymetric
Boomer
CAT

CLSO
cpu
CTD

Delphine
DEM
DNV

DOGGIE
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American Bureau of thppmg (technical and certification
- society).

'Acousﬂc Doppler current profilers for ocean current

- measurement at various depths (remote sensing system)

Artificial intelligence

Air-independent propulsion (energy sources)

A proposed 6,000 m Soviet Academy of Sciences research
'submersible to be built for the P.P. Shirshov Institute of
Oceanclogy. Eventually the two Mirs evolved out of this
earlier project concept.

4,600 m DSV operated by Woods Hole Oceangraphic Institute

Russian tourist submarine design, 8 passengers to 600 m

-First deep operating (300+ m) ROV in Europe

Improved versions of the original Angus-1 design

Russian-designed and -built 600 m depth capable manned
submersible which operates primanly in the Black Sea

Abyssal survey vehicle

Antisubmarine warfare

Autonomous underwater vehicles — self powered systems that
operate without a physical connection to the surface

Towed underwater platform for oceanographic measurements

Topography ‘of ocean floor; depth measurements of large
bodies of water

Ballistic missile submarine :

A center for underwatar tounsm {a concept being pursued by
- Kharax) -

Commonwealth d Independem Sutes

Complex for Lifting Large Sunken Objects

Control and power unit (of a computer)

Conductivity, - temperature, and depth (Oceanographic
parameters) ‘

IFREMER's manned Submetsible with 3,000 m depth capability,
based at the Toulon laboratory

French submersible

Electronic module -

Det Norske Veritas, the Norwegien classification society

Dissolved oxygen (in water)

Deep Ocean Geological and  Geophysical Instrumented
' Explorer: AUV that will be used for geological survey
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using acoustic imaging senwoes of the seabied.. Part of
the future plan for the Autosub project of the UK.

Fish 102

Foton (Photon)

FSU

& compact 100 m depth capable ROV from Intershelf

A hydrogen-oxygen (H,-O,) fuel cell developed by Energia in

unit of 100 KiWs. that employs the same basic fuel
 eloments and design approach as Gamma
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Kaiko

Komsomolets

LAS
Lidar

Mariecoprom
MARIUS

MHD
Mir-I & -I

Nautile
Neptun

NERC

Ocean Shuttle

ODAS

Odissey
Osmotr
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Institute of Oceanographic Sciences (Deacon Laboratory; UK)

ROV being tested by Japan. Fell 4 m short of reaching 11,000 m
world’s record depth in March-April 1994.

Nuclear submarine (Mike Class) -- Soviet submarine that sank
April 7, 1989 in Norwegian Sea in 1,400 meter water.
Several expeditions have been conducted to study
environmental effects.

Leisure submersible apparatus (Kharax) tourist submarine
designed to carnry six persons and a crew of two
Laser imaging detection and ranging system

Agency responsible for operation of Ukrainian submersibles

Marine utility vehicle proposed funded under MAST-I (EC
cooperative project) -- for coastal seabed and
environmental surveys

Magneto-hydrodynamic propulsion system

Russian 6,000 m manned submersibles, built by Rauma
Oceanics in Finland for P.P. Shirshov Institute of
Oceanology, Russian Academy of Sciences

Muitirole Vehicle -- 8,000 m research submersible owned and
operated by IFREMER

French submersible with a 6,000 m depth capability; operated
by IFREMER, based at its Toulon laboratory

Tourist submarine designed and built by RUBIN
(St. Petersburg); currently operating in Antigua

United Kingdom’s National Environment Research Council

Nonmilitary nuclear-powered submarine project that has been
proposed by Lazurit; a small submarine (about 1,000
tons) that is designed for oceanographic and commercial
ocean work tasks

Oceanographic Data Acquisition System -- UXK.-based AUV
project jointly undertaken by Marconi, Moog Controls,
Chelsea Instruments, and Alupower

Support vessel for submersibles Sever-2 and Sever-2 Bis

Russian 300 m depth, diver lockout submersible
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Sever-2

SIMD
SIMRAD

SSBN

Sub Tour 10/100
Subbottom

Submersible OPS

Tass
TEUs

v o

Remotely _opomd
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Measure of acidity or alkalinity of = solution

1970s French-American Mid-Ocean Study on the Mid-Atlantic
Phased shift key
Press-to-talk switch

oceanoaraphic Russisn research ship which is equipped
to support deep submersibles. It has been the principal
support ship for MIR-I and -IL

hicls, san _unmanned vehicle cable-
- connected and -contialled from a support platform
A 6,000 m submersible designed by Malachite

Submarine bailt by COMEX i Frince, powered submerged by
Sysmeﬂqineeringmdi:mggﬂen—ttwdisciplhnmubﬁnqs
= Sogetier technolo s and hardware/software into an

Nosegian company engaged n scoustic systems development

such as sonar, tracking as well as camera systems
Ten-person tourist submarine {Intershelf)

' Refers to sediments or rock making up the seafloor

D-foot equivalent units. This refers to 20 foot cargo containers
for carrying cargo onboard container ships




Thermocline
Thetis-H
TMS -
TOGA
Trojan

TS 20/100
TUUV

Uran
USB

VORTEX

WOCE

Yamato
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Temperature inversion layers fourid in all oceans; water on the
surface overlying colder water

Towed manned submersible designed by Malachite in Russia;
operated currently by Mariecoprom in Ukraine

Tether management system -- control system for ROV tether

Tropic Ocean Global Atmospheric (intemational program)

ROV built by Slingsby Engineering in U.K.

Russian tourist submarine design for 20 passengers; designed
to operate at a depth of 100 m

Technology for Unmanned Underwater Vehicles program (U.K)

Deep ROV developed by Krylov Institute of Russia
Ultra Short Baseline (tracking system) -- technique for
underwater locating and tracking

Versatile Ocean Subsea Robot for Technical Experiments --
IFREMER'’s testbed ROV for validating hardware and
concepts

World Ocean Circulation Experiment (international program)

Japanese experimental vessel with the most advanced MHD
operational system in the world
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