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|OC Workshop Report No. 68
INTRODUCTION

Sound waves are the only effective carriers for signal
transm ssion over |ong distances in the ocean. Over the past 50 years, the
technol ogy of marine acoustics has progressed rapidly. During Wrld War 11,
| arge-scal e applications of marine acoustics for military purposes were
initiated. In the 1960s, the use of marine acoustics for oceanographic
research and ocean exploitation began to receive attention. Since then
consi derabl e research and devel opnent efforts in marine acoustics have been
made, which have resulted in a fairly strong scientific and technol ogi ca
expertise in this field. In the early 1980s the Intergovernnental
Cceanogr aphi ¢ Conmi ssion (10C) of Unesco held an Experts Consultation on
Ccean Science for the year 2000 in Villefranche-sur-ner, France. In the
consultation many experts enphasized the close relationship between
oceanographi ¢ studies and the devel opnent and application of acoustics.
Therefore, it was suggested that the 10C and other rel ated organi zations
arrange an international workshop on marine acoustics within this decade.
As a result of years of effort made by 1 OC, the Chi nese Acadeny of Science,
the State Cceanic Administration of China and the China Association for
Sci ence and Technol ogy, this workshop finally becane a reality in Beijing,
Chi na, 26-30 March 1990.

The purposes of the Wrkshop were to review the progress in
research on topics related to nmarine acoustic applications to oceanography,
to assess the state-of-the-art and to nake suggestions for future research
and international co-operation in this field.

Scientists and experts from 10 countries attended the Wrkshop.
The list of participants is attached as Annex |1

The Workshop was held in plenary sessions, followed by two
paral |l el group sessions: Session A focussing on the theory and experinents
of marine acoustics and Session B on applications and technology. An
Experts Consultation was held on 29 March 1990 to discuss international
cooperation and recommendati ons. The Programre of the Wrkshop is attached
as Annex |.

1. OPENING

The Wor kshop was opened by Professor Guan Di nhua, on behal f of the
Wor kshop Chairman, Professor Wang Dezhao, who was unable to attend the
Workshop for health reasons. Professor Guan warmy welcomed the
participants to the Wrkshop.

Dr. L. Teller, the Unesco Representative in China, expressed to
t he Workshop his appreciation for China's active participation in the
activities of Unesco, especially the activities of 10C this year. He wished
t he Wor kshop success.

M. Yihang Jiang, the Representative of 10C, on behalf of the
Secretary of 10C, Dr. @nnar Kullenberg, welconed all the participants and
t hanked the State Cceanic Adninistration, the Chinese Acadeny of Science
and the China Association for Sciences and Technology for hosting the
Wbrkshop and for the excellent arrangenments. He briefly introduced the | OC
Progranmes in nmarine sciences and expressed the hope that nore benefits can
be obtained fromuse of the technique of marine acoustics inter alia as a
result of this workshop.
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The Vice-President of the Chinese Acadeny of Sciences, M. Hu
Q heng, extended her warmgreetings to all participants and co-sponsors at
t he openi ng of the Wrkshop. She recalled the preparations for the Wrkshop
and expressed her thanks to the forner and present Secretaries of 10C, Drs.
M Ruivo and G Kullenberg, and to the Wirkshop Chairman Professor Wng
Dezhao.

M. Yang Wenhe, the Deputy Director-General of the State Oceanic
Adm ni stration, welcomed the participants to the Wrkshop. He enphasi zed
the inportance of the ocean as a new source of food, mineral resources and
energy. He referred to the tremendous progress achieved in both marine
acoustics research and applications and indicated the need to further
devel op marine acoustics and to explore the possibility of internationa
co-operation in this field.

The Secretary General of the China Association for Science and
Technol ogy, M. Gao Chao, extended, on behal f of the Association, a cordial
wel cone to the Workshop, and expressed the Association's desire to play a
nore active role in 1OC Programmes and to further strengthen co-operation
with the scientists from other countries.

2. PRESENT STATUS OF MARINE ACOUSTICS: RESEARCH AND APPLICATIONS

Acoustics is a respected branch of classical physics and marine
acoustics continues to be an inportant, interesting and worthwhil e subject
for acadenic institutions to pursue.

Applications of marine acoustics are already nunerous and will
continue to increase in nunber and scope. Interest in the role of the
oceans in climate change, as a provider of resources and as a sink for
environnental pollution, is growing globally. Marine acoustics has a major
contribution to make in the future for solving many of these problens.

Scientific and technol ogi cal advances in other fields have enabl ed
advances in marine acoustics:

(i) Theoretical and applied physics enable better representation of
acoustic fields in conplex nedia, better understanding of the
interaction of sound with properties of the nedia including
obj ects therein and better understandi ng of non-Iinear phenonena,

(ii) El ectroacoustic transducer technol ogy has matured and the acoustic
systens' engi neer can now purchase reliable transducers for nost
applicati ons;

(iii) El ectronics have developed enormously, reducing in volune,
increasing in capability and reliability, enabling nmarine
acousticians to incorporate conplex, efficient circuitry in
systems, often in situ, in easily-mnaged packages;

(iv) Comput er and m croprocessor devel opnents have nmade possible very
advanced signal and data processing in marine acoustic equi pnent;
information theory is wdely applied and now available in
sof t war e;

(v) Ef ficient power sources, especially batteries, have steadily
evolved with benefits to mari ne acoustic equi prment;

(vi) Engi neering materials for use in the sea including non-ferrous
netal s, plastics and conposites have increased in availability and
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application; but

(vii) The background noi se | evels of ships on which acoustic equi pnent
nmust work have, with a few exceptions, inproved very little;
this is a serious concern.

In the follow ng sections, nore details are presented for research
and devel opnment, and application.

2.1 RESEARCH AND DEVELOPMENT | N MARI NE ACQUSTI CS
2.1.1 Theoretical and Experimental Studies
Sound Transmission

During recent years, experinmental studies on sound transni ssion
have been conpleted in nearly all seas and oceans. Various Kkinds of
effects, such as the influence of the sound speed profile on transm ssion
| oss, the characteristics of the frequency dependence of shallow water
transm ssion, the influence of the deep transnission channel on distant
sound propagati on and the convergence phenonena for sound transnission in
regions with sloping bottons, have been found and thoroughly investigated.
The fluctuations of transnmitted signals and their correlation with ocean
currents, thermal mcrostructure and surface or internal wave notions of
t he wat er nmedi um have been neasured and anal yzed statistically.

On the theoretical side, nornal node theory has been used for the
anal ysis of sound transnmission in a |layered nedium for nore than forty
years. This theory gives a clear physical interpretation of sound
propagati on phenonena and is still a powerful tool in marine acoustic
studi es. Various cal cul ati on nethods have been devel oped in the past twenty
years, which can solve, nunerically, the transm ssion problemin the case
of a non-stratified nedium Anmong these nethods the w de-angle parabolic
approxi mati on and hybrid ray-node theory have been w dely used and can give
quite satisfactory results even for conpl ex oceanographi c paraneters. As
for sound propagation in a turbulent nedium the perturbation nethod has
been used for the wunsaturated case, when the percentage anplitude
fluctuation of transmtted signals is small. The nethod of Fiemann path
integral using a transfer equation of intensity flow has been introduced
for theoretical analysis in saturated cases. Useful criterions have been
wor ked out for the estimation of fluctuation and space-tine coherences of
sound signals in cases of practical interest.

The direct problem of 'how environnmental factors influence the
transmssion of sound in the ocean' has been well studied both
experimentally and theoretically. If all necessary environnental factors
are nmeasured with sufficient accuracy for the ocean, one can give with
correspondi ng accuracy the spatial tenporal distribution of sound fields
in the ocean for any given sound source.

Today, efforts are concentrated on the 'inverse problem, i.e. to
neet the requirenents for estimati ng oceanographi ¢ paraneters by neans of
nmeasurenments of acoustic fields, e.g. bottom topography, sound speed
profiles and ocean current nmeasurenents. It should be noted that, in
general, there is no single solution for inverse problens. This difficulty
can only be solved by the conbined efforts of oceanographers and
acousticians who nmust first work out some theoretical nodels or acceptable
assunpti ons about the subject to be considered. For instance, sound speed
profiles nay be deduced from the neasurenment of the vertical intensity
distribution of the sound field generated by a nonopol e sound source using
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the assunption of a |ayered nmedium If the sea bottomis considered to be
a layered fluid nedium the vertical distribution of sound i npedance of the
bottom can be cal culated fromthe value of the field intensity neasured
along the surface of the bottom by using the Celvin-Livetan integral
equation or other suitable nethods. Mre exanples of the solution of
typical inverse problenms will be given in the section on application.

Scattering and Reverberation

Sound scattering by various inhonpbgeneities in the sea was
di scovered I ong ago. The origin of the deep-sea sound scattering |ayer is
a concentrated | ayer of plankton and different kinds of fish; different
val ues of the scattering co-efficient of this |ayer correspond to different
concentrations of fish schools.

Sound waves wll also be scattered when they encounter an
irregul ar sea surface or sea bottom Corresponding scattering co-efficients
are related to the roughness of the boundary.

Scattering co-efficients have been neasured in different regions
of the ocean at all depths of interest. Their frequency dependence and
daily or nmonthly variations have been studi ed experinentally. Theoretica
nodel s for reverberati on have been devel oped, and the |aw of tine-decay for
| ong-range reverberati on has been deduced by neans of transm ssion theory.

Great progress in the statistical theory of sound scattering and

reverberation has been achieved in recent years. It fulfills the
requi rements of sound signhal processing for marine acoustic technol ogy and
hel ps to solve many inverse problens, i.e. using acoustical neasurenents

to determ ne oceanographic structures.

Sone theoretical work, concerning the relationship between the
frequency dependence of the scattering co-efficient and the physical nature
of the scatterers, has al so been done. It may be a fruitful area for future
research.

Ambient Noise

The amnbi ent noise and its spectral distribution change from pl ace
to place and fromtinme to tine. The main contribution to anbi ent noi se at
different frequency ranges cones from sources of varying physical natures.
The spectrum of anbient noise at different places has been neasured, the
contribution from different sources has been identified and the average
| evel of anbient noi se has been determ ned.

At frequency ranges bel ow several hertz, anbient noise conmes from
sources of hydrodynanic nature, micro-seisns and earthquakes. Different
t heori es have been devel oped to explain the nechani sm of noi se radiation.
Each theory provides a partial understanding of the nechanism but no one
solution can give an estimted noise level in agreenent wth the
experi nental val ues.

In the frequency range 10-300 Hz, anbient noise mainly conmes from
distant traffic and is quite different in each ocean region, depending on
the distance from shipping lanes. In the frequency range from severa
hundred hertz to 50 kHz, the anbient noise level is strongly related to sea
state. Noise with biological origins and noise caused by heavy rain also
may at times becone the principal part of the anmbient noise in this
frequency dommin, which forns the basis of passive listening in fishery
i nvestigations and distant storm forecasting.
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Above 50 kHz anbi ent noise is caused mainly by thermal agitation
in sea water and increases with frequency at a rate of 6 db/octave.

Since anmbient noise is the accunulated results of individual
sources, experinmental results show that its probability distribution
function agrees well wth the Gaussian distribution. But the actual
nmeasured noise level, as well as its directional distribution, depends not
only on the nature of the sources, but also on environnental conditions,
such as the sound velocity profile and the character of the sea bottom The
spatial distribution of +the anbient noise field under different
environnental conditions has been analyzed both theoretically and
experinmentally. This is helpful in wunderstanding the noise source
characteristics and nay also give a better estimation of the acoustic
properties of the seabed.

Target strength

Recent advances in fisheries science require not only detection of
the fish school as a whole, but also an estimation of the concentration and
approximate identification of the fish. Therefore, the target strength of
i ndividual fish nust be thoroughly investigated. |In offshore engineering,
the detection of wunderwater objects requires know edge about sound
reflection fromthose objects.

Al though diffraction of sound is a classical problemin acoustics
and many basic investigations can be found as early as in the work of
Rayl ei gh, there are great difficulties in the mathematical treatnent for
objects wth conplicated geonetrical configurations and physical
properties. Various nmethods for nunerical calculations have been devel oped,
but in general the conputational procedures are tedious, and anal yti cal
results can be obtained only for sinple cases by approxi nate nethods.

For elastic objects with sinple geonetrical forms, the target
strength can be obtained fromthe superposition of geonetrically reflected
waves and circunferential waves of different nopdes. The frequency
dependence of the target strength can be interpreted by the phase
di fference between superinposed waves. Experinments show that for all
species of fish, there is also a strong frequency dependence of target
strength, and usually the gas bladders in the fish play an inportant role
in sound scattering; but no existent theory can give a satisfactory
expl anati on about the frequency dependence | aw for the target strength of
fishes.

Recentlv. active research has been undertaken, both experinmentally
and theoretically, in the area of object identification by analysis of
i mpul se reflection fromthe object under consideration. There are conbi ned
efforts from acousticians, working in the fields of sound scattering and
si gnal processing.

Some basi c physical considerations and criteria have been worked
out, which may be used to distinguish objects of different natures, e.g.
"soft objects' and 'solid objects', but there is still a long way to go
bef ore reaching any conclusive result, which can be used for practical
pur poses.
2.1.2 Development of Technology

A. Underwater Acoustic Transducers and Arrays

In relation to research and devel opnent, transducers and arrays
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may be considered as a rather mature field. The following is a review of
t he devel opnent of transducer materials and transducers and arrays.

Transducer Materials

A variety of transducer materials have been devel oped. They are:
(i) piezoelectric materials like quartz, Rochelle salt, ADP crystals and
ceram cs. The piezoelectric ceramcs widely used today are based on |ead
zirconate titanate, nodified lead titanate and bisnuth titanate, the bard

umtitanate still finds sone transducer applications; (ii) nmagnetostrictive
materials and rare earth-iron alloys, ni ckel -cobalt alloys and
rave-earthiron mxtures including the recently developed giant
magnetostrictive material: Terfenol-D; (iii) electromagnetic transducers;
(iv) hydraulic-based transducers; (v) polyner materials, |ike PVDF;, (vi)

pi ezoel ectric conposites, which conbine sonme of the advantages of
pi ezoel ectric ceramics and polyners; (vii) optical fiber-based transducers,
whi ch are used for hydrophores; (viii) nmetallic glasses and ferrofluid,
which are potential candidates for the basis of future transducers; and
(i x) inpulsive sources, |ike explosives, sparkers, air guns and booners,
whi ch are nost widely used as signal sources in underwater acoustics.

Transducers and Arrays

The nost essential factors influencing the requirenents are based
on: (i) Far field conditions and (ii) acoustical paraneters. Far field
conditions include source |evel, wave shape and band wi dth, wave form the
repetition rate and the beam shape. Anbng the acoustical paraneters
enphasi zed shoul d be the radiation i npedance, the radi ated acoustic power,
the source level, the directivity pattern and the electroacoustic
ef ficiency together with the Q val ue.

There are nmany types of transducer and array constructions : (i)
ceramic rings; (ii) single-ended piston radiators; and (iii) flexural
vi brators, flexural disc transducers, bender bar transducers and
fl extensi onal transducers. Piston and ring type (scroll) magnetostrictive
transducers are well devel oped.

Transducers and arrays are widely used in acoustical apparatus for
oceanogr aphy .

B. Signal Processing for Marine Aco us tics

During the past decades, underwater acoustic signal processing has
advanced significantly in both the software and hardware domai ns. The basis
for the devel opnent lies in conputer-based nodelling and simulation as wel |l
as VLSI nicroprocessor-based inplenmentation.

Theoretical and Software Development

Adaptive filtering and array processing theories and al gorithns
have been studied intensively. Sone of the studies deal with practical
applications, and in particular the theories and algorithms for Adaptive
Li ne Enhancer (ALE), Adaptive Sidelobe Canceller (ASC) and Adaptive
Equal i zer (AK) are ready for application.

Hi gh resolution spectrum and paraneter estinmation show great
potential for underwater sound applications, particularly for target
| ocation, classification and high accuracy mneasurenent. However, robustness
and engineering feasibility of these new nethods need further study.
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Mat hemati cal nodel |ing of the underwater sound field has devel oped
rapidly in accordance with the progress made in computer science and
t echnol ogy. Based on the nodelling, |arge-scale software packages have been
devel oped for research and system analysis. Conputer sinmulations and
numerical nethods have becone routine nethods for underwater sound
scientists and engi neers.

The tinme-space distribution of the underwater sound field and the
channel response attracts nmuch interest. Correspondingly, natched field
processing has become a fresh field in underwater acoustic sigha
processi ng.

Instrument and Hardware Development

Pushed by the evolution of electronic devices, particularly the
VLSl signal processing chips, sonars and underwater sound instrunents
becanme computerized. Digital data acquisition, signal processing, keyboard
control and TV nonitor (black and white or colour) displays dom nate
underwat er sound el ectroni c products.

Large-scal e, high throughput, real-tinme signal processing systens
for underwater sound research becane feasible. Newly devel oped advanced
signal processing algorithns can be realised by these systens. Further
devel opnent is needed for practical applications.

The evolution of devices and related developnent skills are
extremely inportant for system designers, particularly for the hardware
engi neers working in the field of underwater acoustic signal processing.
Correspondi ngly, training and know edge-refreshing are critical for them

System integrati on has becone easier and shows great potential.
Conpatibility and nodularity are increasingly inportant, and many problens
concerned with system control and efficiency are yet to be studied.

2.2 APPLI CATI ONS OF MARI NE ACQUSTI CS

Over the past years, acoustics techni ques have been applied to a
variety of objectives for the use and exploitation of the sea. The major
applications include the foll owi ng aspects.

2.2.1 Probing the Ocean Environment

The oceans cover nore than 71% of the gl obal surface. This giant
water mass is not only a source of food, mnerals, energy, and a channel
for transportation, but also a decisive factor affecting the world clinate.
Sonetimes ocean processes and conditions can give rise to severe
calam ties. Acoustic nmethods are nost effective for probing the ocean
envi ronnent. Sound waves, in comparison with radio and |ight waves, travel
with the | east absorption through the sea, and the acoustic nethod is a non
i nvasi ve nmethod, causing no interference with the environnental field.
Consequently, renote sensing of paraneters of the ocean environnment can be
realized by using underwater acoustic techni ques. Know edge of the 'direct
probl em of acoustic research, such as wave-front spreadi ng, absorption,
refraction and fluctuation of sound during its transm ssion through the
medium as well as the reflection and scattering frominhonogeneities, and
taking into account the conditions of the area to be probed, permts
determ nation of the environnmental paraneters, i.e. the inhonbgeneities of
ocean environment, by nmeasuring the variations of sound waves carrying
i nformati on about the ocean phenonena.
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Human activities, particularly the use of fossil fuels, my
contribute to an enhanced green-house effect, which may result in sea-|evel
ri se and possibly pose a threat to people living in coastal areas. Acoustic
t echni ques hold great potential for deternining paraneters in connection
with sanpling, coring and chenical analysis. Discharge of sewage (both
i ndustrial and donestic) and oil spills may cause deterioration of the
water quality and deplete the organic resources. Dunping of dredged
materials and other solid-state waste into the sea may result in hazards
to manki nd. Sound signals have been used to trace the dunped sewage and
wast e and assess the tine-space accurmulating field, fromthe reflection and
backscattering of the signal, and also to analyze the dilution process and
i nfluence on biomass. Sedinentation in harbours and estuaries causes
problens for navigation. The sedinmentation process can be nonitored by
Acoustic Doppler Current Profilers (ADCP), optical devices and other
sanpl ers. The measurenents offer valuable information for the nmanagenent
of navi gati onal channels.

Dynam ¢ paraneters, such as currents, current profiles, eddys
di ffusion coefficient, surface waves and internal waves are of great
i nterest to oceanographers and of fshore engi neers. ADCPs, both bottom and
shi pboar d-mounted, are now wel |l established as instrunents for determning
current and current profiles. Turbulence, snmall scale processes, bubbles
near the surface, internal waves, suspended particles produced by natura
sedi ment ati on and pol | uting processes, and suspended sedi ment
concentrations can al so be estimated and nonitored by ADCPs. Calibration
of the neasurenents in the |aboratory and in situ remains a very inportant
probl em Powerful ADCPs with narrow beans al ong the horizontal can be used
to detect internal waves and estimate coherent | ength and ot her properties
of mcrostructure.

Current neters based on the sing-around principles
time-difference, which becane available only recently, are capable of
measuring the residual current with very low threshold and very high
accuracy. For sone aspects of oceanography, data fromthe flow through a
strait or channel between two ocean basins are needed. By increasing the
baseline of an acoustic current neter, it nmay be possible to obtain an
i ntegrated fl ow whose tenporal variation can be nonitored.

I nverted echo-sounders with a single, vertical narrow beam
measuring the scattering fromthe air-sea interface and the near-surface
bubbl es and other inhonbgeneities can be used as a sea-level and wave
recorder, as well as a nonitoring device for the near-surface dynanic
| ayer.

Acoustic tonography on a basin scale initiated by Muink and Winsch
in 1978 is expensive but offers data about sound velocity, tenperature, and
density profiles in the ocean. This nethod uses many |ong-range crossing
receiver/transmitter pairs, and for each pair a nunber of different ray
paths all ow the ocean to be sanpled at different depths. It may be used to
detect nmesoscale variability in the ocean, but it is recognized that the
t echni que | acks a unique solution. Recently it was suggested that a | oud
sound initiated in the Southern Ccean may be heard via great-circle paths
across all the ocean basins. The travel tinme will be sensitive to the
i ntegrated tenperature along the paths, leading to the concept that they
coul d be indicators of global climte change.

2.2.2 Probing the Seabed Sediment

I nformati on about the seabed sedinent is indispensable for the
fol | owi ng objectives:
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(i) To produce authorized hydrographic charts;
(ii) To predict or analyze |ong-range acoustic propagation;
(iii) To eval uate and exploit mneral resources;
(iv) To provide fundanental data for use in coastal and offshore
engi neering projects;
(v) To provide precise data for the dredging and construction of

wat erways used for safe ship navigation in shallow water areas
harbours with shifting topography;

(vi) To provide information on the nature of ground for fishing
operations as well as for fisheries aquaculture;

(vii) To find soil useful for biotechnol ogy;
(viii) To evaluate marine pollution; and

(ix) To provi de geol ogi cal and mineral ogical information for
fundanent al sci ence.

Conpared with sanmpling and optical nethods, acoustical nmethods
exhi bit evident advantages in tine-consunption, cost and capability of
elinmnating site disturbances such as dehydrati on and deconpressi on.

In order to develop acoustic nmethods for sedinent probing, the
correl ati on between physical and chenical properties of sedinment and their
acoustic properties should be clarified. The factors involved in the
correlation are as foll ows:

(i) Physi cal (chemical) properties of sedinment (grain size, porosity,
density of particles, weight of particles, volune concentration of
particles and others);

(ii) Ceot echnical properties of sedinment (bearing capacity, shear
strength, etc.); and

(iii) Acoustic properties (of longitudinal as well as transverse waves)
of sedinment (reflection |oss, scattering strength, sound speed,
attenuati on constant, acoustic inpedance, resonance resistance and
ot hers).

Studies to obtain the correlation between these factors started
al rost 25-30 years ago. Since there are a |l ot of variables in connection
with this correlation, scientists were careful when selecting statistica
algorithms to obtain the final results. They selected characteristic
paraneters which were easy to nmeasure, store and classify with a conputer
in situor inreal-tinme. It appears that these practical studies are now
approachi ng their goal

Manganese nodules are potentially economcally valuable and
provi de a good source for supplenmenting the |Iand resources such as cobalt
and nickel which are rapidly being exhausted. The data obtained using
grabs, traws, corers, underwater canmeras and TV are unreliable and the
efficiency of the surveys is very low The acoustic renote sensing
t echni que provides a fast and effective nmeans for |ocating nodules. This
technique is based on the frequency dependent characteristic of the
backscattering of acoustical waves by particles of various sizes. The
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strength of backscattering which depends upon the Rayleigh | aw as
ka « 1 (ka: Wave n unber x radius, dinensionless) is very weak, and it
i ncreases suddenly near ka=1 reaching a large value independent of
frequency. The critical frequency and strength of the two kinds of
backscattering can be used to estinmate the presence, size and abundance of
t he manganese nodul es on the ocean bottom Research for using this acoustic
techni que for nodul e detection has been carried out in several countries;
a nmulti-frequency system has been devel oped and used for surveying deep
ocean nodul es.

Deep-towed, side-scan sonar has al so been used for exploration of
manganese nodules and hot liquid ninerals in the deep ocean and sea
nount ai ns.

Bot h techni ques, capable of providing reasonable infornmation over
| arge areas with noderate efficiency, offer helpful neans for surveying
m neral resources.

Sand and gravel on the continental shelf are also a very inportant
source of mnerals and building materials. The exploration and assessmnent
of these resources can be acconplished by an acoustic sedinent profiler
with the capability of penetrating tens of neters of the sand | ayer.

2.2.3 Ocean Acoustic Topography and Acoustic Imaging
Ocean Acoustic Topography

Det ai | ed systemati c sounding of the sea floor becones increasingly
inportant with the rapid developnent of ocean research and ocean
engi neeri ng.

In general, a single beam echo sounder can only neasure the depth
of water along the track of a ship, thus, the depth between courses remnains
unkno wn . This depth corresponds to the first echo received. Mst sounders
use non-stabilized cones of w de aperture (x15°to0+30°) therefore, the
accuracy of the neasured depth is low Side-scan sonar was devel oped to
detect targets on the sea bottomor in the water on the two sides of a
course, e.g. wecks, rocks, pipelines, cables on sea bottom etc. and
obtain the sonographs, i.e. sea bottom image. Since the middle of the
1970s, any sea-bottom mapping wthout side-scan sonar coverage s
consi dered unreliable.

There are three ranges of side-scan sonar. The first is the
| ongrange side-scan sonar, GLORIA. Its nmaxi mum operating range per side
is 25 km. It can survey 2000 km 2 per day, and it is a fast recconai sance
tool for a large area. Many countries, e.g. the United States, the United
Ki ngdom Brazil and Australia used it for surveys of their Exclusive
Econom ¢ Zones (EEZ). The second scal e of side scan sonar has an operating
range of about 2X(500-1000)m The third is the short- range side-scan
sonar, and its operating range is about 2X(50-100)m

Si de-scan sonar is a very useful tool to survey the sea bottom
but the precise depth of the sea bottom cannot be obtained by it. In the
m ddl e of the 1970s, the first nulti-beam sounding sonar with 16 beans
width of 2 2/3° X 2 2/3° was developed. Its maxi m um operating range is
11,000 m It has been used by many countries, e.g. the United States, the
Uni ted Kingdom Australia, France and Japan to su rv ey their EEZs.

In the future, acoustic signal processing, digital imaging
processing and VLSl will be used to inprove performance.
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Ocean Acoustic Imaging

Surveying the sea bottom and small undersea objects in detail is
nore and nore inportant due to the fast devel opnment of ocean research and
ocean engi neering. Light dimnishes quickly in water, therefore the maxi num
operating range of underwater TV is only 5 to 10 neters. Consequently
i magi ng sonar is nore useful, and it can be equi pped on a ship or ROV. It
can be used to survey the terrain of the sea bottom and to detect the
target on the sea bottom and in water, e.g. weck, rock, pipeline, or
cabl e.

There are three kinds of imaging sonar: nechanical scanning,
nmechani cal and el ectrical scanning and el ectroni c scanning.

Hi gh resol uti on nechani cal scanning sonars were devel oped in the
1980s. In the md-1980s, some nechanical and electrical fast scanning
sonars could scan 10 tinmes faster than the early mechani cal scanni ng sonar.

Recently, a type of digital acoustic inmagi ng systemwas devel oped.
Thi s new sonar provi des rapid access to a high-resolution,
t hr ee- di mensi onal image field, view ng simultaneously in both azinmuth and
el evation, to produce a 'starring' inmge as well as the traditional
range/ bearing presentation. This capability is relevant to a nunber of
i nportant requirenents, particularly forward-Iooking sonar for target
detection and identification, obstacle avoidance and under-ice navigation.

2.2.4 Sub-Bottom Profiling

Sub-bottom profiling is wused by mrine geologists and
geophysicists to obtain information on the nature and distribution of
subsurface sedinent. It is also needed by the coastal and offshore

engi neering comunity. However, sound behaviour in sedinment is nore
conpl i cated than sound behaviour in the water columm. The requirenent for
deep penetration denands the use of a powerful source with a | ow frequency,
while at the sanme tine, the high resolution requirenent needs a sound pul se
with a very short duration and high frequency. Thus, the spectrum of the
source nust extend to several kHz.

Since the 1970s, several new techniques have been applied to
i nprove the sub-bottom profilers. Oher than the mnmaghetostrictive
transducer, powerful piezoceranics, boomers, sparkers and air guns have
been used as sources with wde frequency spectrums and sufficient
transmitting power to penetrate fromtens to thousands of nmeters. In order
to mnimze the interference of ship noise from horizontal an array, an
optimzed in directivity wi thout increasing size, is towed by the ship.

To achieve a conprom se between penetration and resolution, a
paranetric acoustic array which transmts and receives high frequency sound
waves with a punping frequency has been devel oped. The heterodyne frequency
of the two frequencies in conparison with the original ones is very snal
and capable of deeper penetration as well as better directivity and
resol ution.

A towed vehicle is used to carry the array to reduce ship-borne
noi se and nmake the array stable. A fairing is placed on the towi ng cable
to suppress its vibration. When the profiler is used to survey the deep
ocean, a deep-towed seismic (DTS) systemis capable of laying the array
deep and probing the sedinent at a rather small distance.

Si gnal processing nmethods are inplenmented for various functions.
Time-varying filtering is a good approach for maxinizing signal-to-noise
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(S/N) ratio and reducing nultiples. Signhal stacking statistics in real-tine
will increase the SINratio greatly. Sea-bottom tracking AGC contri butes
to reliable bottomreflectivity neasurenent, digital data display and ease
of operation. Expert system stored characteristic properties wll be

hel pful to identify the sedinment with high acoustic reflectivity, such as
sand and gravel, from soft sedinment, such as clays and silts.

2.2.5 Underwater Data Transmission in Oceanography

Present Technology

Most of the wunderwater acoustic data transnission systens
conmercially avail able offer bit rates of 10-500 bits/see over a distance
of a few kilonmetres. These systens are designed to provide excellent
performance with a mininmum of misinterpretation and false alarns. This is
possi bl e by using sinple techniques |ike frequency diversity coding and is
i npl enent ed by sinple hardware.

Applications

The existing systens are used for the control and status
deterni nati on of submerged equi pment. | n oceanography, acoustic telenetry
is used to transnmit data from subnerged equi pnent for neasurenents of ocean
currents and tenperature.

One system especially designed for ocean acoustic tonography,
tel enetered informati on between buoys over 3000 km apart. Systens which
i nclude tags for fish telenmetry are al so avail abl e.

Research Trends
Current research has been carried out in two directions:

(i) high bit-rate systenms designed to operate in a nmulti-path
envi ronment ; and

(ii) transm ssion over very long distances (hundreds of kil onetres).

The long distance system requires a nodel which includes
transm ssion through the bottom | ayer. For the |ong distance channel, the
frequency spread acts as noise while the tinme spread gives rise to slow
f adi ng.

For the high bit-rate system adequate range is expected to be <1
km and a high frequency approximation is used for the channel nodel. The
goal of the nodel is to predict the expected tine and frequency di spersion.

System Development

For the |ong distance systens, pseudo-noise sequences are used for
t he sinul taneous suppression of noise and multi-path interference.

For the high bit-rate system the nmajor effort is finding nethods
to overconme nmulti-path interference. Four different schenes are currently
under investigation.

The frequency hopping/spread spectrum techniques offer both
noderate nulti-path protection and | ow i npl ementati on conpl exity.
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The adaptive equalization (AK) based systens provide efficient
nmulti-path protection without any sacrifice of band width. The sane applies
to maximum |ikelihood sequence estinmation (M.SE). But, both schenes are
sensitive to nmovenent of the transmitter or receiver platforns.

Complexity is also a key issue for these schenes.

The fourth schene is based upon adaptive beamform ng (AB). This
nmethod is less sensitive to novenent than the AE and the M.SE schenes, but
is only able to suppress nulti-path arrivals sufficiently separated in
space fromthe direct path. There is considerable inplenentation conplexity
associated with this schene.

The concl usion of the present status is that:

(1) The technology for transmssion of sinple sensor
i nformati on over a few kilonetres is ready for use;

(ii) Research for high bit-rate systens is going on. These
systenms can be wused for transm ssion of inmages over
100- 1000 neters;

(iii) Systens for transm ssion over very |ong distances (>50 kn
are of interest for ocean acoustic tonography for
comruni cati on between and control of sensor buoys;

(iv) Ef ficient concepts have been devel oped by incorporating
channel know edge (adaptability) into the systens;

(v) Attention has been paid to technical issues rather than
cost issues and operational denands; and

(vi) The tine has cone to establish acoustic data transm ssion
as a nmature technol ogy by devel opnent of realiable easy-to
operate system

2.2.6 Acoustic Positioning

Acoustic positioning of oceanographic equipment on the sea
surface, in the water colum and on the sea floor has a long history. Two
decades ago, |low frequency (10 kHz) |ong baseline systens (LBS) using
mul tiple sea-floor transponders were available commercially. At the sane
time, the offshore oil industry was purchasing short baseline systens (SBS)
to dynanically position oil rigs. Meanwhile, the engineering comunity was
busy extending the resolution, accuracy and range of these systens;
oceanogr aphers and ocean engi neers were equally busy devising nore diverse
applications. Utra-short baseline systens (USBS) only reached the sane
| evel of application in recent years with the advent of nodern digita
processi ng technol ogy.

At the present tine, all three related acoustic positioning
technol ogi es have reached a simlar state of developnent. Conmerci al
equi prent is available for nearly all applications. The capabilities,
limtations and nethods of use for each of the conplenentary technol ogi es
are well understood. It is thus safe to say that nost user needs can be net
with commercial systems. However, if the capability of existing systens
wer e extended, user satisfaction would increase and new experinents coul d
be carried out.

The performance of present USBS equi prent, while inpressive, does
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| eave room for inprovenent. The newest receiver on the market supposedly
achi eves a bearing accuracy of about 0.1 degree, although it is difficult
to confirmthis claim Another worthwhile goal would be to substantially
extend the USBS operating range to several thousand neters.

The positioning of manned subnersi bl es, ROVs and towed systens has
al ways been a task ideally suited to acoustic positioning nethodol ogy.
There is now a growing interest in autononous, unmanned, untethered
underwat er vehicles. A first generation famly has been built and tested
(ARCS, EPAULARD). These nmke use of existing positioning technology. The
next generation systens are under devel opment (e.g. EAVE East). These will
enpl oy positioning systenms which nerge traditional acoustic positioning

systens with obstacle avoidance sonar, inertial navigation and other
i nformation through the application of Artificial Intelligence and
Know edge Based System concepts. These vehicle systens will operate for

| ong periods in inaccessible areas such as under the Arctic ice cap or on
trans-oceani ¢ crossings. Alternately, they nmay be operating in close
proximty to structures where refl ections and noise | evel s becone a serious
pr obl em

2.2.7 Applications in Fisheries

One of the earliest applications of marine acoustics was in
fisheries. During the |ast decades, fisheries acoustic nethods have evol ved
into an indispensable tool for fishernmen, fisheries biologists and
fisheries managers. Theoretical and experinmental research in fisheries
acoustics has been carried out for a long tine. Methods have been studied
not only to locate fish schools, but also to nmeasure fish size and estimate
abundance. Reliabl e echo sounders, fishing sonars and other sonar systens
have been devel oped and are now comrercially available to |ocate fish
nmeasure fish distribution and density, and survey fish resources. These
standard techni ques are conpl enmented by acoustic tags, passive |istening,
etc.

Recent devel opnents have brought fisheries acoustics to a new
threshold. Methods for 'acoustic species recognition' are now being
devel oped. Results from species recognition experinments show in excess of
90% speci es recoghition on groups of three or four species. These have
potential to revolutionize fisheries work.

Research efforts have been devoted to using fish enitted sounds
for measuring the geographic distribution of fishery resources and to the
di fferences in behaviour versus the tine of day and season. Analysis of the
fish produced sound in the frequency and tine donmai ns has been done, and
this know edge can be used to distinguish the sound fromdifferent species,
sexes and ages. At present, methods for controlling fishing gear by
acoustics are under study, such as the nethods for indicating fishing-net
position, and trawl opening depth, |ocation, sinking speed, etc.

3. TRENDS IN MARINE ACOUSTICS

Wth the precedi ng background, trends of interest to the marine
acoustics comunity are now addressed in broad terns.

3.1 SOUND AND THE OCEAN ENVI RONMENT

Sound received in the ocean varies enornously in the space,
frequency and time domains. This is both a problem and an opportunity. It
is a problem because it conplicates performance in many applications; it
is an opportunity because acoustic propagation nay be used to sense the
properties of the ocean renotely.
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Under st andi ng the interaction between sound propagati on and ocean
properties may be regarded as the "forward”  problem using acoustics as a
probe as the “inverse” problem Cearly advances in theoretical
under st andi ng of propagation in the sea are necessary and fundanmental; it
nmust proceed as a mmj or academ ¢ topic and be encouraged. (Reference 1989
Survey of Mdels USA). Wiile greater conputer powers enable better
theoretical nodels to be devel oped and ocean propagati on to be simul at ed,
difficulties arise because of the inadequate know edge of dynam c ocean
properties as initial and boundary conditions, and because of the limted
acoustic data from experinents available to test the nodels. For |ong-range
studies using |owfrequency bands there are additional difficulties
requiring nore synoptic neasurenents over reat ocean spaces, which is
expensive in ship time, and requires physically |arger and nore expensive
transmitting transducers. The ocean nay often be regarded as a linear
filter between source and receiver, but the channel is not reciprocal
because of the asymretry caused by current shear and because there are
fluctuations in the ocean on time scal es conparable with, and shorter than,
the travel tinme. Despite this apparent |ack of deternminism mny good
propagati on nodel s exist, and in many applications. Future trends in this
forward topic include nore propagation experinments in shallow and deep
water, short- and | ong-ranges, and | ow and hi gh-frequenci es. New agenci es
wishing to enter in the topic will find short-range high-frequency work
cheaper, but there is scope for all. The geographical variation of ocean
sound speed structure, seabed paraneters, vol um e scattering and noise
background neans that every worker has virgin territory within reach.

Turning now to the applications of acoustic propagation, the
i nverse probl ens, the nost anbitious exanple is ocean acoustic tonography.
So far only the United States - and presently also France - have either
made or initiated experinments to denonstrate this techni que, because of the
resources required. The method delivers sound speed fluctuation in 3
di rensions with tine, and possibly ocean currents as well, using reciprocal
paths. Fromthe first experinent at 300 km horizontal scale, the Anmerican
teans are noving to 1000 km scal e. The opinion of the Wrkshop participants
was that, although no tonography expert was able to attend, wuseful
contributions can be made by others working at shorter ranges; these
results will interest oceanographers studying snmall scal e phenonena such
as internal waves and fronts, and eventually, the interaction of ocean fl ow
fields with topography. The latter nmy present extra experimental
conplications. Mre tonography experinents are needed to develop the
i nverse nethods, which are not trivial and are a real challenge to
statisticians and for anal ysis.

In addition to the full tonographic (3D plus tinme) work there are
many ot her sinpler applications where inverse nethods may be applied, for
exanpl e, inverted echo-sounders to infer baroclinic property changes at a
poi nt and reciprocal 2D transm ssions to determ ne current and shear al ong
a section. An assessnent should be nade of what properties other than sound
speed and current nmay be possible. One such study reported at the Workshop
was the potential of frequency dependent sound absorption co-efficient as
an indicator of pH now highly rel evant because of its relationship to CO2
in the ocean and climte. From sound speed and with sonme salinity
assunptions, tenperature and density may be estinmated. An extrene exanple
proposed recently would observe the interannual changes in very |ong
(inter-ocean) travel tinmes to infer climte changes to average ocean
t enper at ure.

The chal l enge for acoustic technologists will be to sinplify and
reduce the cost of tonographic nethods, perhaps using drifting buoys
positioned with precision by satellite navigation and telenetering data via
satellite conmunication
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Successful tonography using seabed geophones has been able to
i mage the 3D structure bel ow the seabed. The static nature of the nedia is
an advantage in this case. Seismc profiling using nulti-elenent hydrophore
streanmers is an exanple of 2D tonography and is very highly devel oped.

In all these propagation applications signal energy nmust be
recei ved, detected and recogni zed. In the nodels signal anplitude and phase
are calculated but in nost applications the essential paraneters are travel
time and the paradi gm sound speed. Thanks to nodern clocks, precision of
timng is very high and inprovenents will relate to reduced size and power
consunption by possibly placing atom c clocks in situ.

3.2 OTHER PARAMETER ESTI MATI ONS USI NG ACOUSTI CS

Signal anplitude is already wi dely used, for exanple, in the
detection and identification of sources of sound. Further work on
mechani sms, directionality, spectra, statistics, and geographi cal
occurrence of noise sources is necessary. Natural sources include surface
waves, bubbles, bubble <clouds, marine manmmmals, fish, zooplankton,
geosei sm cs, gas vents, sedinments in notion, ice cracking and colliding and
many nore. Characterization nmay enable future nonitoring of such events in
an inexpensive way. Man-nmade noise includes ships, offshore platforns,
aircraft, interference from other acoustic equi pnent, naval activities,
SCUBA venting, port and harbour works.

Si gnal Backscatter is difficult to neasure in absolute,
calibrated levels. However, it is required for nore conplete tests of
propagati on nodels and is fundanmental to acoustic fish stock estimation.
Further progress in nethodology and application is expected. Technique
standardi zation is close to realization, but there is some concern about
consistency of interpretation which needs attention in the inmredi ate
future.

Backscatter will find further application in seabed surveying,
al ready a mature technol ogy using side-scan sonar, for shallow and deep,
short-and | ong-ranges. Absolute scattering has been |l ess inportant than the
patterns of relative scattering revealed by the technique; however,
interpretati on may be enhanced by further work on Backscatter from rough
and sl opi ng surfaces. Recent work on scattering from manganese nodul es has
shown the way forward.

Backscatter from suspended sedinents is potentially useful,
especially in view of the role sedinments have in pollution sources, sinks
and transport. Seabed dynamic norphology wll benefit from inproved
representation of the erosion, transportation and settlement processes
which may result from such work in the benthic boundary | ayer.

Backscatter from near-surface bubbles warrants further study as
a means of nonitoring the turbul ent upper ocean boundary layer and with
rel evance to air/sea gas exchange and pollution. Backscatter from bubbl es
al so affects long-range propagation as it nodifies the acoustic boundary
properties. Bubbles al so cause errors in short-range inverted echo sounders
desi gned to nmeasure sea |l evel and waves.

O her approaches to nmeasure the directional wave spectrum using
acoustics have been proposed but they need further study. Conventional
surface wave neasuring buoys are difficult and expensive to use especially
in extreme conditions, so there may be a future for acoustic nethods
Calibration of the satellite altinmetry neasures is one application, but
hi gh resol ution of the angul ar wave spectrumis particularly attractive.
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Backscatter from zoopl ankton, an inportant conponent in the marine
ecol ogi cal bal ance, is |ess advanced than fish stock estimation but would
clearly benefit fromsinilar approaches.

Backscatter fromw thin the water colum from any passive obj ect
is necessary for acoustic Doppler current profilers. These have becone
hi ghly devel oped in recent years and are being depl oyed in considerable
nunber, on ships |ooking down and on the seabed |ooking up. Further
i nprovements may not be so dramatic.

3.3 TRENDS | N MARI NE ACOUSTI C TECHNOLOG ES W TH W DE APPLI CATI ON
3.3.1 Acoustic Navigation

Acousti c navigation has been avail able for many years but cannot
yet be regarded as mature. Expertise in operation is required, so the need
remai ns for robust algorithms to overconme multi-paths, noise problens and
surveying in overhead. Application areas include oceanographic equi pnment
nmoorings, locating ROVs and AW, divers and manned subnersibles; the
| ocation of towed vehicles relative to the ship is inportant, especially
since 24 hour surface navigation is expected to inprove dramatically when
GPS is fully operational. W should | ook toward acoustic navigation of a
subrerged object at 5000 mdepth to be located relative to the ship within
10 m (0.2%; present systens barely achieve 1%

3.3.2 Acoustic Telemetry and Control

Acoustic telenetry and control is another |ong-established
technique simlarly subject to nmulti-paths and noise. Data rates are | ow
and need to be inproved for many applications, particularly new AUVs and
the telenmetry of data from seabed instrunentation for onward transni ssion
via satellite comruni cati on. New advances in processing signal nmay offer
prospects here. A near future goal is to establish a link with capacity 20
Kbit/s between noving terninals seperated by | km This link is to have
better than 95% avail ability

3.3.3 Multi-Beam Swath Sounding

These are now becoming avail able froma nunber of suppliers, which
is good news for custonmers seeking conpetitive prices. Advances in sigha
processing, detection and display are all likely to inprove operational
per f ormance and conveni ence.

3.3.4 Imaging

Acoustic imaging has quite a long history but relatively few
i mpl enent ati ons. Mbdern signal and i nage processi ng and the needs of ROVs
and AUVs may bring this forward. Expert systens nmay aid identification in
of fshore platform applicati ons where underwater TV inspection systens are
obscured by suspended matter. Acoustic non-destructive testing (NDT) by
ultrasonics is a specialized application of acoustics, also applied
under wat er .

Marine Transport Applications

Littl e devel opnent in navigational sounders is expected, although
fishing sounders may continue to inprove as nore i s understood about fish,
fi sh schools and zoopl ankt on acousti cs.

Acoustics speed logs interacting with the water if the seabed are
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avail abl e, and sone | arge vessels enploy acoustic ranging to aid berthing.

Acoustic beacons to mark narrow or difficult channels may find
favour in specific sites where buoyage is problematic, e.g. icebound areas.

This brief review of trends in marine acoustics and its
application, though by no neans exhaustive, does illustrate the
wi de-rangi ng nature and potential of the technology. It has an inportant
and fascinating future. There are plenty of opportunities for imaginative
science and creative engineering to attract quality specialists, financial
support and profitable applications.

4. INTERNATIONAL COLLABORATION

An Expert Consultation was organi zed on the afternoon of 29 March
1990. Professor Yang Shi'e chaired the Consul tation. Further international
co-operation and recomrendati ons were discussed. The nmain results are
i ndi cat ed bel ow.

(i) From the section on future trends, a nunmber of international
col | aborative opportunity beconme apparent, and there appears to be great
potential benefit from international collaboration. It is clear that

sci ence and technol ogy of marine acoustics can contribute greatly to the
advancenent of marine science.

(ii) It is also clear that marine acoustics should have a broad remt

as a branch of acoustic physics, best co-ordinated internationally by |ICSU
rel ated bodies, and including the ICA 1UGG | APSO SCOR

(iii) The international co-ordination of the applications of marine
acoustics, however, seens nore appropriate to the intergovernmnental
agenci es having responsibilities in specific areas:

IOC - for marine science and oceanography where narine acoustics
pervades nearly all branches and Programmes;

FAO-ICES-1OC - for fish stock estimation, fisheries science and
zoopl ankt on esti mati on;

I MO - for navigation and transport applications;
I HO - for survey and bathymetry applications; and

Unesco-10CC - for education, training and nutual assistance
Programes in mari ne acousti cs.

(iwv) Wthin the existing and planned Progranmes and projects of the
above agencies there are conponents with nmari ne acoustic contributions and
potential for nore. For exanpl e:

| OC- FAO - Ccean science in relation to |iving resources (OSLR)

| OC - Ccean Dynamics and Circulation (TOGA, WOCE); as appropriate
in cooperation with WMO

IOC-UN - GCcean Science in relation to non-living Resources
(OSNLR); and

| OC - Ccean Dynamics and Circulation on the Continental Shelf.
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Where nmarine acoustics can contribute to these efforts, it shoul d.
The Workshop recommends that the international conmittees or groups of
experts for these projects seek gui dance from acousti ci ans.

(v) Where there are several agencies involved in a Programme, it is
recormended that a |lead agency take responsibility for seeking and
accepting acoustic advice, e.g. FAO for fish stock assessnment and | OC for
ocean sci ence, oceanography and training relevant to mari ne acousti cs.

(vi) It is reconmended that a G oup of Experts on Marine Acoustics be
set up under ICC. It is also reconmended that |1 OC give the follow ng tasks
interalia to the Goup of Experts:

a) To forma focus for international collaborations;

b) To plan a second Wrkshop on Marine Acoustics at the next
I nternational Conference on Acoustics in China, 1992;

c) To advise IOC on the applications of marine acoustics to the
| OC Progranmes; and,

d) To advise 10C on Sections (vii), (viii) and (ix).

If this recommendation is accepted, it is suggested that the group
be strengthened by wi der international menbership. Acceptance inplies the
provi sion of resources for neeting and secretariat assistance.

(vii) It is recomended that |1 OC consider the follow ng activities:

a) Training courses in marine acoustics for scientists and
technol ogists from developing countries. (The Peoples'
Republic of China is keen to contribute.);

b) Sponsor an Advanced Study Institute (2 weeks) on Marine
Acoustics and G vilian Applications thereof (sinmilar to NATO
ASl); and

c) Sponsor international exchanges (1 or 2 years) of scholars
and advanced students.

(viii) It is reconmended that | OC encourage col | aboration anbng nationa
agenci es undertaki ng mari ne acoustics:

a) To avoi d conpl ete duplication;

b) To ensure information exchange and interconpari sons between
possi bly overl appi ng research areas and applications;

C) To identify and fill gaps in know edge; and

d) To encourage joint and nulti-lateral projects especially
where single nation resources are inadequate, for exanple,
the | ong-range ocean propagati on experinments. Many nati onal
agenci es have the theoretical talents to bring these projects
i nto being.

The way in which IOC may inplenent these coll aborations is open
for discussion. The follow ng are sone suggestions:
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a) | OC uses its good relationships with other international
agencies to comuni cate the benefits of collaboration in this
field;

b) | OC designates projects in marine acoustics as being
recogni zed. This will often unlock further resources from
nati onal agencies; and

c) The national delegates to the 10C Assenbly be infornmed and
exhorted to communicate these opportunities to their own
countries and agencies if these are not already involved.

(ix) There is a need for wi de-ranging marine acoustic data bases, for

exanpl e, on noise levels and on standardi zed oceanographic i nput data for
acoustic propagati on nodels. It nmakes sense for these to be associated with
the international and national oceanographic data bases (as in the case for
exanpl e the Peoples' Republic of China) and included in the | CDE Programe.

The Committee on IODE and the 10C Group of Experts on Marine
Acoustics should work together to determine paraneters to be banked and the
standardi zed formats for the input and output of such data.

(x) Resource surveys by acoustic neans, particularly of the EEZs of
devel opi ng nations, are expensive. It is recommended that |OC facilitates
the carrying out of such resource surveys, as appropriate, inter alla by:

a) Informng through its own contacts the availability of such
procedures;

b) Using its inter-agency contacts to obtain financial support
for such surveys;

C) Acting as introductory broker between surveyor and custoner
to ensure efficient use of international funds; and

d) Encouragi ng exchange of mmjor facilities between devel oped
nations.

(xi) There are aspects of marine acoustics which cone close to |egal
problenms in international waters. Few workers in marine acoustics would
wi sh to introduce frequency band allocations as in the electromgnetic
spectrum but there is a case for an |10OC sponsored voluntary code
Al readynuch fish stock assessnent is carried out at 38 kHz (with 110 kHz
and 200 kHz as further options). Several airlines follow CAA guidelines on
underwat er | ocation beacon frequencies. Changi ng acoustic frequencies of
exi sting equipnent is not easy because of the inherent narrow band nature
of transducers. Any recomendati on nust be couched in terms of a future
voluntary code. There are benefits to the user as conpliance may reduce
i nter-equi pment interference. Some experinments nust inherently be wde
band. Problens are nore likely at |ow frequencies because of the | onger
ranges and | ower absorption.

5. CLOSURE OF THE WORKSHOP
Prof essor Guan expressed his gratitude to the participants for

their contribution to the Workshop. He closed the Wrkshop at 16: 30 on 30
Mar ch 1990.
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ANNEX 1
PROGRAMME OF THE WORKSHOP
MONDAY MORNING, MARCH 26

Plenary Session Pl 9:30 - 11:10 a.m

Chairmen : L. Bjorno, Li Yunwu

Pl -1 9:30

SOVE EXPERI MENTS ON THE LOW FREQUENCY LONG DI STANCE PROPAGATI ON | N ATLANTI C
(L. M Brekhovski kh)

P1-2 9:55
H GH FREQUENCY | NTERNAL WAVES AND ACOUSTI C FLUCTUATI ON | N THE SHALLOW WATER
THERMOCLI NE (\Wang Dezhao)

P1-3 10: 30
RESEARCHES ON SOUND SCATTERI NG AT HSElI (Yang Shi'e)

Plenary Session P2 1:30 - 4:45 p.m
Chai rman: Yang Shi'e

P2-1 1:55
SOVE RECENT ADVANCES | N SHALLOW WATER ACOUSTI CS I N CHI NA (Guan Di nghua)

pP2-2 2:20
UNDERWATER ACOUSTI C TRANSDUCERS AND ARRAYS (L. Bjorno)

P2-3 2:45
ON PERSPECTI VE OF USI NG ACOUSTI CS TO PROBE OCEAN ENVI RONMVENT (Li Yunwu)

(Tea Break 3:10 - 3:30 p.m)
P2-4 3: 30
UNDERWATER ACOUSTI C STUDY AND | TS APPLI CATI ON ON OCEAN RESEARCH | N JAPAN
(M noru Ni shi nur a)

P2-5 3:55
I NVERSE SCATTERI NG PROCEDURES FOR LAYERED SEA BOTTOM (tin Junxuan)

P2-6 4:20
SOME PROBLEMS ON BEAMFORM NG (Gong Xi anyi )

TUESDAY MORNING, MARCH 27

Plenary Session P3 8:20 - 12:00 a.m
L. M Brekhovski kh, Guna Di nghua

P3-1 8:20
ADVANCED S| GNAL PROCESSI NG | N MARI NE ACOUSTI CS (Hou Chaohuan)

P3-2 8:45
MARI NE ACOUSTI C NAVI GATI ON AND PCSI TI ONI NG A STATUS REPORT (D.L. MKeown)

P3-3 9:10
ARRAY DESI GN AND PROCESSI NG METHODS FOR UNDERWATER SOUND MEASUREMENT ( Ma
Yuanl i ang)
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P3-4 9:35
OCEAN MEASUREMENTS USI NG ACOUSTI CS (B. S. MCartney)

(Tea Break 10:00 - 10:20 a.m)

P3-5 10: 20
SOVE ADVANCES | N RESEARCH ON OCEAN ACOUSTI C FI ELD (Zhang Renhe)

P3-6 10:45
A PORTABLE HI GH PRECI SI ON THREE- DI MENSI ON TRACE MEASURE SYSTEM FOR
UNDERWATER HI GH SPEED MOVI NG TARCGET (Di ng Yuzhong)

P3-7 11:10
PROGRESS | N THE THEORY OF SOUND PROPAGATI ON | N LAYERED AND QUASI - LAYERED
MEDI A (O A Godi n)

P3-8 11:35
THE APPLI CATI ON COF DI A TAL TI ME CORRELATI VE ACCUMULATI ON TO ECHO SOUNDER AND
FI SH FI NDER ( Xu Ti anzeng)

TUESDAY AFTERNOON, MARCH 27

Plenary Session P4 1:30 - 4:45 p.m
Chairman : M Yuanli ang

P4-1 1: 30
COMMUNI CATI ONS PROBLEMS | N UNDERWATER ACOUSTICS : THE SHI P TRAFFI C NO SE
(G Tacconi)

P4-2 1:55
SELF- ADAPTI VE PERI CDI C SI GNAL ENHANCER/ | NTERFERENCE SUPPRESSOR ( Xi ang Dawei )

P4-3 2: 20
H GH SPEED UNDERWATER ACOUSTI C DATA TRANSM SSI ON, A BRI EF REVIEW (G H.
Sandsmar k)

P4-4 2:45
REMOTE SENSI NG OF OCEANI C MANGANESE NODULES BY ACQOUSTI C WAVE (Liao Yunhe)

(Tea Break 3:10 - 3:30 p.m)
P4-5 3: 30
M 851 | MAG NG SONAR AND MB61 M NI MULTI - BEAM ECHO- COUNDI NG SONAR ( Zhu
V\ei gi ng)
P4-6 3:55
SOUND SCATTERI NG FROM THE BOTTOM COVERED BY MANGANESE NODULES (Y.
Zhi t kovsky)

P4-7 4:20
I N SI TU MEASUREMENT COF ACOUSTI C PROPERTI ES I N MARI NE SEDI MENT ( Chen Huagong)

WEDNESDAY MORNING, MARCH 28

Session Al 8:20 -12:00 a.m
Chairmen : M Ni shinmura, Lin Junxuan

Al -1 8:20
I NVERSI ON FOR THE SCATTERI NG FROM A CYLI NDER ( Feng Shaosong)
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Al-2 8:40
ACOUSTI C AND SEDI MENTOLOG CAL EVI DENCES OF GAS CHARGED SEDI MENTS | N ADRI ATI C
SEA ( MEDI TERRANEAN) (P.V. Curzi)

Al-3 9: 20
THEORY OF COHERENCE OF SHALLOW WATER SOUND FI ELD (Zhu Rui chao)

(Tea Break 10:00 - 10:20 a.m)

Al-6 10:20
CHARACTERI STI CS OF RANDON TI ME- VARI ANT SOUND CHANNEL | N SHALLOW SEA (Pu
Yubi n)

Al-7 10: 40
I NVESTI GATI ON OF THE LOW NO SE CHANNEL I N THE SEA (Wi Guanj un)

Al-8 11:00
ACOUSTI C ESTI MTATES OF STOCK ABUNDANCE OF YELLOW SEA SARDI NE (sardinops
mel anosti ctus, Tenm nck and Schrdi nops) (Chen Yuzhen)

Al-9 11:20
CRI TERI ON OF MAI NLOBE SHARPNESS FOR BEANFORM NG OF TOWED LI NE ARRAY ( Shan
Bi ngyi )

Session B1 8:20 - 12:00 a.m.
Chairman : B. MCartney, Hou Chaohuan

Bl-1 8: 20
DEVELOPMENT AND APPLI CATION OF DDC1 - 1 GEO SONAR (Zhang Shuyi ng)

Bl1-2 8:40
SUBMARI NE PROSPECTI NG AND PARABCLO DAL ACOUSTI C SOURCES AND COVPARI SON W TH
CONVENTI ONAL DEVI CES (G B. Cannel li)

B1-3 9: 00
IN SI TU TARGET STRENGTH MEASUREMENTS ON ANCHOVY (Engraulis japonicus) AND
SARDI NE ( Sar di nops nel anostictus) (Chen Yuzhen)

Bl1-4 9: 20
TWO DI MENSI ONAL W GNER- VI LLE SPECTRUM OF THE RANDOM TI ME- VARI ANT ACOUSTI C
CHANNEL I N OCEAN (Zhu Ye)

(Tea Break 10:00 - 10:20 a.m)
B1-5 10: 20
FFT- BASED FREQUENCY DOVAI N ALE (Wang Yanlin)

B1-6 10: 40
APPL| CATI ONS OF ACOQUSTI CS | N UNDERWATER GEOLOG CAL SURVEY (Hue Lesun)

B1-7 11: 00
TI ME DELAY ESTI MATI ON BY ADAPTI VE NO SE CANCELLER (Wang Jinli n)

B1-8 11:20
THE PERFORVANCE OF ElI GEN- ASSI STED ARRAY PROCESSORS | N PRESENCE OF CORRELATED
SENSOR SI GNAL FLUCTUATI ON (Ren Deji an)

Bl -9 11:40
A PASSI VE SONAR SYSTEM W TH MULTI PLE TWO- ELEMENT ARRAY ( Xi ang Chuqi)
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WEDNESDAY AFTERNOON, MARCH 28

Session A2 1:30 - 5:10 p.m Room 211
Chairmen: G Tacconi, Zhang Renhe

A2-1 2:10
SOUND PROPAGATI ON THROUGH THE THERMAL FRONT | N THE COASTAL SEAS OF KOREA
(Jung Yul Na)

A2-2 2:30
NUMERI CAL PREDI CTI ON FOR VI BRATI ON AND SOUND RADI ATI ON FROM SUBMERGED
REVOLUTI ONAL SHELL EXCI TED BY SOUND SOURCE (Zhang Ji ngdong)

A2-3 2:50
THE | NVESTI GATI ON ON A NEW W DE- BAND TRANSDUCER W TH PI EZOCELECTRI C LAYERED
RI NG ( Yuan Yi quan)

(Tea Break 3:10 - 3:30 p.m)

A2-4 3:30
TRANSM SSI ON LOSS OF SOUND Sl GNALS | N THE NORTHERN YELLOW SEA REG ON ( Xi ao
Ji nquan)

A2-5 3:50
ACCELERATI ON RESPONSE CANCELLATI ON AND MEASUREMENT OF TOWED LI NE ARRAY
HYDROPHONE ( Zhu Hougi ng)

A2-6 4:30
LOW FREQUENCY ELECTROACOUSTI C SENSI TIVITY OF A COMWPCSI TE CYLI NDER TUBE
TRANSDUCER ( Song M ngkai )

A2-7 4:50
APPLI CATI ON OF THE TRANSDUCER W TH FI BER- OPTI C LEVER | N HYDROACOUSTI C
MEASUREMENT ( Chen Shou Li u)

Session B2 1:30 - 5:10 p. m
Chairmen: D.L. McKeown, Gong Xi anyi

B2-1 1:30
RESPONSE OF ADAPTI VE MATCHED FI LTER TO SI GNAL VI A MULTI PATH (Q an Q ushan)

B2-2 1:50
BREAKI NG DOWN OF A MJLTI PLE ECHO MADE OF OVERLAPPI NG SI NGLE ECHOES OF
| DENTI CAL TARGETS (G G nenez)

B2-3 2:10
THE DESI GN OF PROGRAMVABLE DI CANNE SYSTEM (Cai Hui zhi)

B2-4 2: 30
HI GH RESOLUTI ON BEARI NG ESTI MATI ON FOR WEAK SI GNALS | N NONVWHI TE NO SE FI ELD
5Shen Wenm ao)

B2-5 2:50
A NEXW ACOUSTI C CODED COMMAND SYSTEM (tin Shaoxi an)

(Tea Break 3:10 - 3:30 p.m)
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B2-6 3: 30
A TRIAL OF USI NG THE CLUSTER ANALYSI S FOR CLASSI FYI NG THE SHIPS W TH THEI R
NO SE (Chen Geng)

B2-7 4:10
DEPTH MEASUREMENTS OF SCATTERI NG LAYER I N SHALLOW WATER ( Zhang Yunpeng)

B2-8 4:30
THE FEASI BI LI TY OF MEASURI NG CCEAN PH BY LONG RANGE ACOUSTI CS (di n Guoliang)

B2-9 4:50
A DEEP- SEA ACOUSTI C ELEVATI ON TELEMETER (Huang Xi m ng)

THURSDAY AFTERNOON, MARCH 29

EXPERT CONSULTATION 1:30 - 5:00 p.m
Chai rman Yang Shite

FRIDAY MARCH 30
8:30 - 12: 00 a.m 1:30 - 5:00 p.m
DI SCUSSI ON AND ADOPTI ON OF SUMVARY
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ANNEX 111

LIST OF ACRONYMS

Acoustic Doppler Current Profiler

Amoni um Di hydr ogen Phosphat e

Adapti ve Equali zer

Aut omatic Gain Control

Adapti ve Line Enhancer

Adapti ve sidel obe Cancell er

Advanced Study Institute

Aut ononmpbus Under wat er Vehi cl e

Civil Aviation Authority

Deep-towed Seism c

Excl usi ve Econom ¢ Zones

Food and Agriculture Organi zation

G obal Positioning System

I nt er nati onal
t he Ccean

I nt ernati onal
I nt er nati onal
I nt ernati onal
I nt er nati onal

I nt ernati onal

Associ ation for the Physical Sciences of

Congress of Acoustics

Counci|l for the Exploration of the Sea
Counci | of Scientific Unions
Hydr ogr aphi ¢ Organi zati on

Maritime Organization

I nt ergover nment al Cceanogr aphi ¢ Conmi ssi on

I nt ernati onal

I nt ernati onal

Cceanogr aphi ¢ Dat a Exchange

Uni on of Geodesy and Geophysics
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LBS Long Basel i ne System

NATO North Atlantic Treaty Organi zation
PVdF Pol yvi nyl i denef | uori de

ROV Renot el y Operated Vehicle

SBS Short Basel i ne System

SCOR Scientific Commttee on Ocean Research
USBS U tra-Short Baseline System

VLSI Very Large Scale Integration

(END OF DOCUMENT)



