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POTENTIAL APPLICATIONS AREAS

Besearch, indusiry and recreation have becoms increasingly concermed
with the sea and the seabed; in this, the main applications area, the
properties of underwater sound have been called upon to circuavent as
far as pessible the electromagnetic blackout umderwater, the useful
frequency spectrum extending from a few Hz to several MHz. Other,
nop-pooanle, applications are posslble and exist; the paper_ excludes
cases where the water volume concerned is lese than a few mw.

With this restriction, the research areas in which underwater aopumd
can have applications include: Oceapography, Tidal and hydrasulics
reaegrch, Sedimentology, Geology, Limmology, River research,
Fisheries research and Mgrine biology.

The industriel or dther operaticnal applications areas include:
Surface shipping, Underwater vehitles, Underwater engineering, Diving
Hydrography end wreck investigation, Marine civil engineering and
Pishing operatimms.

REGUIREMERTS

Requirements in the above areas im which acoustlcs aide.could be
applied can be listed as follows:

Surface navigation (occeanic);

Avoidance of ship collision with other veesels, wrecks, sea bed ato;
Inghere and estuarial navigatiom ineluding dredged channels;
Docking, berthing, eapecially large and heavy vessels;

Seabed depth measurement, depth profiling;

Sub-oottom profilings

Seabed topographical survey or local cbservationj

Obstruction detegtion and avoldance;

ObJect identification and delineation;

Location or tracking of marked objectsj

Pish or sheal detectlon, tracking and olessification;

Fish catch estimation;

Local freme-of-reference navigation in two or three dimensions;
Homing to marked locations or objects;

Telemetry of data and other signala;

Telecontrol of equipment operations;

Through-water commmication, wainly speechj

Passive detection and location of sound sources;

Active diregct-sound effects;

Water flow meassurement.

Applications in almost all these aress alveady exist, though in many
jcases the systems and equipment are in experimental forms or are not
in gemeral productiom.

SYSTEM CATEGORIZS

An undervater acoustic syatem regquires a acurce of socund, a water
path and a receiver. In some cases, where the sound already exists,



the operational system comsists only of & receiver with suitable
directional propertiss and analysis equipment. In others, ouly a
transmitier may be needed. In both types the signals are usually
broad~-band.

Most applications use both a source mnd a receiver. The aimplest is
a link; eg beacons, telemetry and telecontrol devices. An elabora-
ticm of this produces the transponder, having a second transmitting
acurce and another water path {or the same used in reverse).

The commomest equipments are echo sonars, operating on signals scat-
tered by underwater objects or other discontimmities.

The availsble freguency band may be divided on the basis of the dif-
ferent attenuation of sound in the medium, scattering by cbjests,
transducer size/bean-width relationships and other factors. System
characteristice depend inter alis on the beam dimensions in both
planes, method of scan, system geometry and principle of operatiom,
and types of signel usad. Allowing for correlations between some of
these, the mmber of distinguishable systems iz im the order of 1000;
& large proportion of these have not been used. Some of the reasons
are discussed in the paper.

THE INFLUENCE OF THE MCDIUM

The properties of the medium having wost significance to practical
applications ares

Absorpticn loss; gemetrally much lower than for any other form of
disturbance in water.

Low velosity of scund; ellowing practical size of equimment for use-
ful angular resclution, but limiting the data rate in echo sonars.

Refraction (mainly due to temperature gradients); cansing signifi-
cant propagation loeses at ranges in the order of 1 km or more,
alsc elevation errors in the order of 1° or more at such ranges.

Absorption, increasing rapidly with frequency; high engular resolu-
tion at long renges therefore requiring very large equipment.

Ml ti-path arrival of signals, often umavoidable; causing correla~
tion loss, fading and broadbanding of signala; effects greateat in
shallow waters, at long ranges and with broad beams.

EXISTING T=CHNOLOGY

Practical receiving transducers gemerally are as sensitive as they
need to be.. Electro-ascoustic transmitters, asbove a few kHz, are
convenient and efficient provided they are not reguired to operate
over seversl octaves of freguency. At lower frequencies coherent
sourcea become large, heavy and inefficient, and may for example be
bydraulically powered. Impulse sigmals such as explosions can be
powerful but have less controllable waveforms; alr gune and other
devicea have been improved so that their broadband signals are more
repeatable and more convenient for processing. It is usually poss-
ible to provide any normal type of traneducer polar pattern with the
angular dimensions required; there ia a wide vexriety of configura-
tions available. Mirrors, lemses, and transparent arrays (both two-
and three-dimensional) are practicable, but very little used.

The electronic handling of signals now offers: Electronic beam-
forming and beam scanning both for transmission and receptiom;
signal coding, including frequency-sweep; correlation detection, real
time spectrum analysis; deconvumlution processing of impulse signals,
Theae techniques allow inereaszed flezibility in the design of
signalling and sonar eguipment; applications Tequring hizh angular
resclution or narrowband spectrum analysis are not limited to alow
acan rates; fine resolution in time or range is not limited to short
rulses and a low mean power; and in most cases equipment can be
provided with optimum filtering of the degired signals azminst noise
of various kinds.

Amongat techniques still in the resecrch stage are acoustic holo-
graphy., end the employment of non-linear effects in water. Holo-
graphy still reguires a selution to the problem of Buitable




detectors and displey; non-linear acoustics, which enables the
generation of narrow transmitting and receiving beams at low
frequencies with small equipment, appears still to be in search of
an applicatiom.

Display techniques have shown only miner improvements in the past
decade.

PROSFECTS

Long-distance surface navigation ie well served by radioc and other
means; in inshore areas having few navigational aids, Doppler sonar
navigaticn cen fill a gap, but there seems little value in extending
the performance of the technique to provide trans-oceanic coverage.
The conventional echo-scunder still has value, but is of littla help
to a large vessel in shallow waters; the same may be sald of
cbatruction detection ahead of the vessel. Possible acoustio anti-
opllision techniques between ships offer no advantsze over radar.
Local gooustic navigation, eg for dredged chanmels, while posaible,
has practical difficultiea, Aide to berthing are feasible but are
likely to be more limited in value than the correapomding radio
techniques.

Underwater navigaticn for divers and submeraibles, together with the
location of tegged cbjects, tracking from & surface vessels, and
establishing of comstruction reference frameworlss on the sesbed, are
available techniques though the systems equipment is not. Tha
necessary underwater items have much in commem with commmicatiom,
telemstryand telacontrol requirements, and an integrated approach is
worth consideration. The increasing emphaeisen this type of wmmder-
water work should be noted.

Hydrographic requirements for rapid seabed profiling, though atrin-
gent, can be met, requiring sector-scan or equivalent techniques.
Similar equipment can provide forward-scan topographical survey of
the seabed, wrecks, obstiructions etc for correlation with the
profile.

Fish observation snd counting techniques based on precise vertical
echo sounders have been develkped with success. Ievelopments of
sector-scan somar may be expected to improve trawling effieiency.
Trawl gear observation, shoal locaticn and movements and warning of
seabed snegs are possible socurces of bepefit to the user; fisheries
research will contimme to use high-resoclution sonar for these
purposes, for tracking tagzed fish, for noise studies etc. The
practicability of using Doppler for distinguishing fish by their
movement relative to the seabed has yet to be satisfactorily
established. Fish detection and location by passive receivers is
likely to remain a research tool.

Diving operations and the activities of submersibles would benefit
from a pseudo-visual presentation of the underwatier sceme beyond the
vis range which is often only a few metres. Angular resolution
of 17 or better is needed; requiring sector scanning, preferably in
two planes, at a reascnable refresh rate, and operation within the
Rayleigh distance. The technical problems are great; the applica-
ticn is one in which non-linear signal handling may offer sigmificant
savings in the oclectronics. Until such time as this type of equip-
ment is available, single-plane sector-scan equipment is indisated.
In the field of sub-bottom profiling, high-snergy acoustie sources
‘and gophisticated signal-handling and data-handling are already
employed. The available accounts suggest that further progress is
l1ikely to be limited.

CONCLUSIONS

The review indicates that the available armowry of technigues is
being applied only slowly; this appears to be true on a world-wide
basis. There is still a ne=d for the more extensive application of
‘established techniques in the expanding field of undervater engineer-
ing and associated diving and submersibles activities, vhere there



are requirements for positioning, navigation, commmicaticn, tele-
metry and telecontrol. The stimmlus for application of the newer

tochniquea arises at present in the fielda of hydrography and fish-
ing resesrch, but other fields will become invelved. The Yeye-in-
the-sea" scnar problem presents great difficylties and will require

mach ingemuity if an economic equipment is to result.




