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ABSTRACT, A revkw of the Ol"'ration and capabilities nf"arinus undc=a sonar systems, including synthetic aperture $(Inar. (he seismic I 
profller, andparnmetr,e sonar. , 

1. INTROIlUCTION 
Discovering the secrets Dfme sea has been Ii long-sought aim 
for decades, yet surprisingly few of these secrets have been 
revealed despite determined efforts by scientists and engineers 
using .. variety of tcchniqutls. This paper is more concerned 
with the sea.bcd than the scaitsclfbc<:ausctbcsca-bcd and the 
underlying sediments hold further se\:rets that present an even 
greater chall~nge to investigak. On~ way to study the sea-bed 
is 10 [ower a television camera and ob.crve it directly, but this 
may yield little infol11lation other than to give an idea of the 
topography, the pre~~nc~ or absence of sea life, or the location 
of debris sueh as wrecks 

If the carn~ra i~ mounted on a r~motely operated vehicle 
(ROV) or on an autonomous underwater vehicle (AUV), it is 
possible to cover a large arl:aand therefore to build IIp abetter 
impression of what the sea-bed looks like, The pmblem with a 
camera is that it can only be used vcry close to the sea-bed, 
which usWilly involves an expensive operation to place it 
thcro,an<.iin turhid water its use h ineffective 

AnOther way to study the sea-bed is to deploy an 
underwater acoustic :;y~km, generally rof<'lTed 1" a.~ a sonar, 
an acronym for SOund Navigation And Ranging that has now 
Crl:pt into gen~.,,1 u:;age. Many types of sonar systems have 
becn designed for expiating and surv"Ying the sea-bed and for 
identifying and characterising sediments. All of them aro 
aL1ive systems, be~a"o;e they operate in both transmit and 
receive modes, as distinct from pa:;sive :;ystcms that only work 
in receive mode. They are classi fied here under two main 
categories, 'non-penetrating' and 'penetrating ', The main 
feature of a non-penetrating system is that all the acoustic 
energy incident at the sea-bed is scatt~re'~ ,orne of which is 
imen:epted by a receiving t"lnsduc~r or array. Processing the 
received signals Can yield some kind of'image' of the sea-becl. 
This may be a 'one-dimensional ' depth profile, ie the 
topogr"phy along a particular line, ora 'two_dimensional' plan 
view showing the pr~$~n~~. shape and orientation of natural 
features or objects. The main leature of a penetrating syst~m 
is that some of the incident energy is scattered and some is 
transmitt~d into the sea-bed to bt: ~uho;equently scattered from 
sub-bottom interfaces or absorbed. Proces:;ing thc received 
signals in this c;c;e i, much more complicated but can lead to 
a 'two-dimcn,ional' sub-bottom profile, ie a 8ectioned view of 
the sea-bed and the wulerlyi ng structure. Examples of non­
penetrat.ing systems are the conventional depth sounder, side-
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scan sonar, sector-scan sonar {wbich can be mechanically or 
electronically scanned), 'multi-beam' phascd array schar and 
synthctic aperturl: sonar. Examples of penetrating systems arl: 
the sub-bottom profiler, seismic profilcr and parametric sonar. 

Even tho simplest type of sonar sy:;tem, a convcntional 
echo sounder. may be used to profile the sea-bed, something 
that ean wt be done conveniently with a camera. All that is 
necessary is to traverse the area of interest, transmit shon 
pulses of sound venically downv.'l\l"ds and detcet the echoes 
The 'round trip' flight tinle of eacb pulse, from the instant it is 
cmitted to the reception of it~ echo, ""nen multiplied by tho 
a,'crage velocity of sound in the water, gives the <lepth at some 
location. Modern echo sounders, as well as di,playing the 
instantaneous depth nlJJnerieally, provide a graphical display 
of the sea-bed pml"ile along the tnl~k of the vessel. Depending 
on the froquerwy of ope."tion and it, po""er output, the 
sounder may ai,,, pmduce echoes from under the sea-bed, but 
is not wually Huitahle for studying the naturl: of the underlying 
se o.liment~. 

More sophisticated types of sonar may be \J.wd to produce 
two-dimensional images of the sea-bt:d. These include the 
side-scan sonar, the sector-scan sonar and the multi -beam 
phased array sunar. A side-scan ,unar .'yRtem usually ha:; tv.'O 
horizontal linear arrays of elem~nts that are mounted in a 
towed booy, ur tow-fish, in ,uch a way that they trammit a fan­
shaped beam, narrO\". in the wrtical plane, on each side of the 
towing vessel's track. According to a well-known principle of 
acoUlltic,;, the longer the arrays the narrower an: the two 

beam,. (j~nerally, the a)(i~ ur each beam is inclined slightly 
downwards so that eehues are produced from different 
distances, typically from almost verticalJy down to almost 
horizontal. One system that hilJ; been used for many year:; Jilr 
long-range snn-eying at oceanic depths is GLORIA, whid, 
nse8acarricrfroquency ofafew kilohertzlI J.Mostsidc-s.can 
sonars have a graphical display that provides a two­
dimensional image of the sea-bed, showing featuro~ such as 
rock formations. reefs aud the position and orientatiun of 
wrecks and other man-made objects. The image is e"cotialiy 
a ·picture· of the sea-bed but it is urually distorted an<i needs 
an experienced eye to interpret the features. At low 
frequencies. say less than 20 kHz, the acoustic energy can 
penetrate the sea-bed but m,cau.o;e of the I"ng wavelenb>1h and 
large ' fo otprint' the spatial resolution is poor. Smaller 
!(lOtprints arc possible i f the sonar army is mOllllted on a deep­
towed ,"ehide such as TORI [I]. By using a higher frequency, 
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say 100 kHz, there is less sea-bed penetration but better 
resolution of detail. 

Perhaps the commonest type of scanning sonar is the 
mechanically-scanned version. This works on a 'ping-and­
listen' principle, rather in the way a radar system operates. 
Most commercial systems can transmit while rotating through 
a sector or through a complete circle, either \n the horizontal 
plane or inclined downwards at some angle. The echoes 
following each ping are processed to bund up an image of the 
insonifiedarea. 

An electronic sector-scan sonar system usually has a wide­
beam transmitting transducer or array and a uarrow-beam 
receiving array comprising many clements. In a 300 kHz 
'within-pulse' version designed and built at Loughborough 
University, the linear transmitting array compriset< 75 elements 
mounted on a convex curve and the linear receiving array 
comprises 75 elements mounted on a flat base. Each 
transmitted pulse insonifies a 30Q wide sector, giving rise to 
echoes at any angle within this sector and at any range out to 
a maximum determined by the pulse repetition rate of 4 Hz 

A delay is introduced between the signal arriving at 
element 1 at one end of the ami)' and at element 2; the same 
del~ is also introduced between the signal arriving a~ element 
2 an\i e1emel}t 3, and so on all along the array. This clearly 
introduces a phase difference between the signals arriving at 
adjacent clements and means that at any instant the receiving 
array is sensitive to echoes arriving from only one direction. 
At a later instant, when the phase difference is altered, it is 
sensitive to echoes from another direction. With the correct 
phasing, the effcctis to create a sensitivity 'beam'thatscans 
continuously through the sector of the transmit beam. In the 
Lnughborough University system the scanning frequency is 10 
kHz. Thc system may be u!led as a 'look-ahead' sonar for 
detecting ohstacles or to look sideways for mid-water targets, 

:: ~a,;a~h:~~~e:l1 be used to look vertically downwards \ 

A more complex system working along broadly similar 
lines is the multi-beam phased array sonar. This has two 

nru1ti-e1emcnt linear arrays, which for sca-bed surveying may 
be mounted on the bottom of the hull of a vesseL The 
transmitting array is mounted along the fore-aft line and 
generates a 'f~-shaped' beam vertically downwards; this 
beam is wide in the port-starboard direction and narrow in the 
fore-aft direction. The receiving array is mounted at right 
angles to the transmitting array (and generally slightly astern 
of it) and therefore is scositive to echoes arriving in a fan­
shaped sector that is wide in thc fore-aft direction and narrow 
in the port-starboard dire~tion. Instead of just one phase delay 
being applied to all adjacent elements across the receiving 
array, which makes the receiver sensitive in one direction at a 
time, many phase delays are applied in pa.rallel (as many as 
128 in one commercial system) so that the receiver 
simultaneously processes signals from all directions within the 
insonified sector. With this system a two-dimellSlonal plan­
viI;!W image of the sea-hed is boiltup pulse by pulse. 

Another system of interest but one still in the research 
stage for usc at sea is the Synthetic Aperture Sonar (SAS), 
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which is a specialised system that allows the imaging offiner 
detail than is possible by most other teclmiques [2-4]. This 
examplc of a 'non-penetrating' type of sonar system is 
presented in marc detail below. 

The side-scan sonar, sector-scanning sonar, multi-beam 
phased array sonar and synthetic aperture sonar are not 
generally suitable for sub-sea penetration hecause they operate 
at too high a carrier frequency_ Systems that may be used to 
characterise sub-sea sediments include the seismic profiler [5-
8], the sub-bottom chirp profiler [9], the parametric sonar [10-
19] and hybrids such as the 'scatteromcter' [I). The scismic 
system is used to profile the sea-bed on a largc scale, with 
penetrdtions of hundreds of metres or more; the others are used 
to profile on a smaller scale, typically tens of metres at the 
most. In the case of the sub-bottom profiler, either a single­
frequency tone or a wide-band chirp may be used. The lowest 
frequencies, typically 5 kHz, obviously allow the deepest 
penetration and can give a picture of coarse stratification, but 
the higher :frequencies, typically up to 20 kHz, offer the best 
depth resolution and can therefore show finer detail. Thc choice 
of frequency usually depends on the application. To illustrate a 
'penetrating' type of sonar system, a brief description of the 
principles of the seismic profiler is presented below, together 
with a more dctailed dcscription of a parametric sonar system 
with a stcerable beam.. 

2. SYNTHETIC APERTURE SONAR 
Synthetic Aperture Sonar is of interest because it has the 
potential to produce high resolution, two-dlmensional images 
of targets by synthcsising the effect of a very long phased array 
[2-4]. The principle of aperturc synthesis consists of storing 
successive echoes obtained from a moving platform, in practice 
a tow-fish but ultimately an Auv, then synthesising the effect 
of a large along-track phased array by correcting the phase 
excursions of echoes in a given direction and swnmiug the 
sequence of echoes, hence providing high along-track (cross-­
range) resolution. 

Traditional techniques such lIS side-scan sonar are good 
cnough fur general surveying and fur identity-ing wrecks but do 
not have suffieient resolution for displaying particulw: features. 
Thc main reason for this low performance is the limited 
aperture size available with commercial systems. Synthetic 
aperture techniques are well advanced in radar and known as 
Synthetic Aperture Radar (SAR). By comparison, only a 
limited amount of research has been carried out on SAS and 
this has highlighted the main problems that prevent the direct 
translation of SAR techniques. These problems are that 
transducer motion produces smearing of the image. and ray 
bending produces a bias in the apparent direction of detected 
objects. The solutions llSed to eliminate these problems in SAR 
are auto-focus techniques that rely on contrast enhancement, 
but thesc are of limited success with SAS because of the 
relatively large transducer movements encountered in practice, 
together with very low towing speeds, narrow bandwidth and 
rei>trictedrange. 

The aims of re<:ent work at Lnughborough University, 
carried out jointly with University College London, covered 
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four main areas: (i) the design of signal processing algorithms 
to compensate for transducer platfonn movement and ray 
bending; (ii) the design of algorit:hms for interferometric 
reconstruction of three-dimensional surface images; (ili) the 
design of algorithms for moving target tracking using SAS; 
and (iv) testing an experimental system in the controlled 
environment of a sonar test tank. 

Motion compensation 

The approach to the problem of motion compensation was to 
consider that the true signal is effectively convolved with an 
error function that corresponds to the true trajectory of the 
transducer platform. At sea, with transducers mounted on a 
ship or in a towed array, waves can cause gross deviations from 
an assumed straight line trajectory that may be several 
wavelengths at the transmission frequency. One solution is to 
measure actual platfonn movement and do explicit de­
convolution. The preferred solution, which obviates the nced 
for acceleromcters or inertial gyroscopes, is to perfonn blind 
de-convolution based only on measurements made by the 
transducer array itself. Three options were considered: 
statistical de-convolution ha~ed on Higher Order 
(HOS), which is applicable to motion perturbations that are 
fairly predictable (eg cyclic) compared with the random nature 
of the data field; (li) compensation based on frequency 
diversity, which requires separate measurements in different 
bands using the same transducer and may compensate for ray 
bending but not for motion errors; and (iii) compensation 
based on spatial diversity, which can provide multiple 
snapshots of the same data field <IIld also allows for adaptive 
tracking of errors induced by motion. 

Interferometric recon~tructlon 

The interferometric processing consists of registering two 
images of the same scene taken at slightly different positions, 
and comparing the phases of the two images on a pixel_by_ 
pixel basis. This yields a funge pattern, which is a function of 
the interferometric baseline and geometry, the wavelength and 
the snrface topography. Provided the baseline, geometry and 
wavelength are known, then in principle the surface can be 
reconstructed from the fringe pattern to !he same spatial 
resolution as the original images 

The main problems arc: (i) the two images suffer a degree 
of de-correlation due to the different angles of observation and 
the finite signal-to-noise ratio, which causes phaiIC noise in the 
fringe pattern; (ii) 'shadowing' and 'layover· cause distortion 
of the sonar image with re,-pect to the true surf.tce; and (iii) 
there is an ambiguity between phase and topography, and the 
process of reconstructing the topography unambiguously 
('phase unwrapping') is made more difficult in areas of 
rapidly varying topography and poor signal-to-noise ratio 
where the fringes may ~ closely spaced or indistinct. The 
approar:h was to simulate the imaging ofarbitrary topographic 
scenes, taking account of the problems listed above, then to 
devise algorithms to reconstruct the original topography. The 
idea was to optimise the geometry and processing algorithms 
for the cxperimental part of the research. 
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Imaging moving targets 

This is an important problem with SAS and has so far remained 
unsolved. Unli1re for SAR, the situation is more complieated 
because the target is close enough to the synthetic array, which 
may be sever.tl kilometres long, that it presents different 
Doppler shifts to different parts of the array. This complicates 
the aperture synthesis processing. The problem may be 
approached by analy>;is, deriving expressions for the phase 
history of echoes as a function of the array-target geometry and 
motion, and using these to defme the form of processing 
rcquired to estimate the target motion and image the target. This 
algorithm can then be combined with that for the platform 
motion compensation to define the processing required in a 
practical SAS system, but further research is needed to fully 
achieve this aim. 

Tank experiments 

An important part of the research Wll:l to apply the varions 
algoritbms mentioned above for use with an experimental 
system, in the contro!1ed environment of the test tank at 
Loughborough University. This provides a valuable test facility 
for the theoretical aspects of the project. An advanced SAS 
system was built for usc in the tank, measuring 9 m long, 5 m 
wide and 2 m deep. It has a carrier frequency of 40 kHz, a 
maximum aperture of 4.5 m and a maximum range of 8 m. The 
platform carrying the transmit and receive arrays can be moved 
under computer control by two stepper motors; a third stepper 
motor is used to introduce across-track motion errors. 

The tranBmitted pulse is generated by a signal generator that 
can be connected to a computer bus by an interface card. The 
system can be programmed to generate either a sinusoidal pulse 
with adjustable amplitude, carrier frequency, pulse length and 
repetition rate, OT more complicated ~ignals such as a weighted 
pul~e or a chirp. The transmitted pulse is fed to the transmittcr 
array by a power amplifier to ensure maximum power transfer. 
The system allows the feasihility of generating high resolution 
SAS images, including three-dimensional images, by extracting 
features and training the system to identity certain objects 
alltomarically using neural networks. This L~ an area of research 
in which many probh:ms remain unsolved. 

3. SEJSMIC PROFILER 
Seismic profiling is a means of studying the stratification of 
sub-bottom layers on a large scale, that is to depths of perhaps 
hundred.~ of metres or even kilometres [5]. The applications 
include geological mapping. environmental studies and 
surveying for cable routes and pipelines. The basic requirement 
is a sound source with ahigh Source Level and a receiving array 
of geophones to detect reflected and scattered pressure 
impulses. This type of profiling is attributable to the fact that 
sound waves propagate with little attenuation in media with 
clastic properties. Any abrupt ehanges of acoustic impedance 
causes refraction and reflection and the generation of 
compressional and shear waves, referred to as P-waves and S· 
waves respectively. Measurements of the arrival times of the 
detected acoustic signals are used to work out the sub-bottom 
geological strocture [6]. 

Vol 27 (1999) NO.2 - 49 



The velocity ofP-waves in the top 50 metres of sediment 
is typically 1450-2200 mis, whereas the velocity ofS-waves is 
much lower, between about 10 mls and 400 mls. Much of the 
infonnation on sediment stru.cture comes from the timed 
returns of reflected and refracted P-waves. There is usually a 
good correlation between shear velocity and shear strength, an 
important parameter in geophysical studies, especially for 
applications such as the construction of oil andgas production 
rigs wherc sea·bed stability is a vital factor. In some places, 
sediments are too soft to be sheared so no shear wave data can 
be obtained. The commonest method of determining shear 
strength is to take a core from the sea·bed and make 
measurements in thc laboratory but by removing the sample 
there may be some change in the sediment propcrties; this is 
why an in-situ method is preferred [7] 

One Wiry this problem has been addressed is to study 
interface waves, such as Rayleigh, Stoneley and Scholte 
waves, which propagate along thc water/sea·bed interface [8]. 
The idea is that since the velocity of such boundary waves is 
linked with the mear wave velocity of the top sea-bed 
sediment, information about the shear strength of the sea-bed 
CWl be obtained without disturbance. By contrast, there seems 
to be little dependence on the state of gas saturation in 
sediments, such as those found in the Arkona Basin in the 
Baltic Sea. 

Low frequcncy seismic sources (20-200 Hz) are used for 
penetration sediments to depths of the order of kilometres, 
while higher frequency sources (l00 Hz-1O kHz) are used for 
penctration to depths of hundreds of metres. Typical source 
durations arc O.l-Is and sources include boomers and 
sparkers, which are omni·directional transducers that can 
gener.rtestablepressure signals. 

Other sources include explosives and mechanical devices 
such as air guns and water guns. The array of geophones is 
cither towed behind a vessel or from a sledge that is itself 
towed along the sea-bed by the vessel. In one system, the 
sledge stops briefly for each meal;urement while the vessel 
steams at a eonstant speed·. The array is normally in the form 
of a streamer comprising many geophones in an oil-filled 
plastic tube that is transparent to sound. A problem with such 
an array i, that it is subject to noise from flow, turbulence, 
bubbles, waves and ship noise. 

4. PARAMETRIC SONAR 
A parametric sonar system makes use of the non-linearity of 
acoustic wave propagation in water [10-19]. The principle of 
operation is to drive a transdncer array at two pIimary 
frequencies,/. and/" near the resonance frequency j" of the 
array, where j" = (f;+f.JI2, to generate new waveforms, the 
lowest of which is at the difference frequency, or secondary 
frequency, j; = /'-/.. The generation of this secondary 
frequency waveform along the transmitted beam direction 
gives rise to the concept of a virtual end-fire army, the 
effective length of which is given by (20:)"" where 0: is the 
small signal attenuation coefficient in nopers/metre. At 
pIimary :frequencies of20 kHz, 40 kHz and 80 kHz, the virtual 
array lengths are approximately 1500,400 and 100 metres 
respectively for tnmsmission in sea water. 
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The advantage of a parilllletric sonar is that it can generate 
a sidelobe-free, narrow beam at the difference frequency, using 
an array that is small compared to one that wouLd be needed to 
generate the same frequency directly. A further advantage is 
that it allows se.hment penetration to depths of several metres 
at difference frequencies of less than 10 kHz. The disadvantage 
is that it operates at a very low efficiency, about I %, a figure 
that depends directly on the step-<iown ratio j"j;. The low 
efficiency therefore necessitates the generation of high-power 
primary frequency wavefoous. This means that the Source 
Level at the dlfference freqnency is typically 40 dB less than 
either of the two primary frequency Source Levels for a typical 
step-down ratio of 10, eg a difference freqnency of 7.5 kHz 
/Tom primary /Tequencies cffitred on 75 kHz. (Source l<:vel is 
defined as to log,oP. + DI, referenced to I metre from the 
acoustic source IrallJldnccr or array, where P, is thc transmitted. 
acoustic power in watts and or is the Directivity Index, which 
depends on the geornetry of the source.) 

In several recent European Co=ission projects, .... a 
narrow beam was needed for accurate profiling of the sea·bed 
to characterise sediments and to detect and identify buried 
objects. As the difference frequency bcamwidth is 
approximately that of the primary freqnencies, the bcamwidth 
defines the dimensions of the array. For a step·down nrtio of 10 
(ie J.fJ, the active surface area of the array need only be 
iflOOth of that of a conventional linear array for the same 
beamwidth. 

This i~ a big advantage in tenns of expense, size, weight and 
handling of the array at ~ea. The array consists of a titaninm 
plate with 729 integral elements, resonant at 7S kHz and 
arranged in a 27 x 27 matrix with approximately 0.75 sp;u.,;ng. 
It has an area of20A x 20A., with a resultant -3 dB beamwidth 
of 3° x 3° and a bandwidthof6 kHz. Thetransnnt Directivity 
Index is 35 dB so for an acoustic power oflO kW the maximnm 
predicted Sourcc Level for a single carrier frequency is SL" = 

246 dB rc l~a at I m. The array provides 13 resolvable beams, 
each about 3° wide, within its phasc-steerable sector; sincc the 
inter-stave spacing at 75 kHz is lo5},. the seanned sector is ±18°, 
wbich allows a wide variety of incidence angles to be selected 
in order to apply inverse algorithms to compute sediment 
characteristics from measured compressional and shear wave 
data. The programmed signals transmitted may be continuons 
sine wave pulses, 'raised cosiue' pulses, and linear frequency 
modulated pulses (chirps). 

The scenario for sea trials conductcd at various sites off thc 
coast of Brittany, Fl1Illce is shown in Figure I. The array, 
together with other systems, has been deployed at depths of 
10-20 metres in a tow-fish specially designed and built by 
IFREMER, the Frencb Oceanographic Institution. A 40 metre 
seismic hydrophone streamer is towed some 25 metres behind 
the tow-fish to detect forward-scattered signals from the 
seabed. The mechanicaJ mounting anangement. shown in 
Figure 2, allows three possible fixed angles for the transmission 
axis, 10°, 15° and 20° with respect to vertical, when the 
dynamic steer anglc is programmed to be 0°. When the beam is 
steered vertically downwards to the sea-bed, the array may also 
be used in a back-scatter depth sounding mode. 
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Figure 1. Deployment of a parametric sonar array and 
hydn:lphonestreamer, 

Instabilities in the motion of the tow-fish, such as pilCh, 
roll,yaw, heave, swell and surge, can lcad to a departurc from 
Ihc desired sca-bed incidence angle, Any error in th is angle 
may lead 10 a misalignment of the Slreamer with respeCI to the 
scaUeredsignals, This in tum may produce either no data at all 
or data that yields spurious res ults when applicd to the inverse 
a lgorithms that are applied to quantify the sediment 
parameters, Seru;ors are therefore altached to the array 10 

monitor the pitch, roll and depth of the low-fish 10 corm:t for 
some of the instabilities, 

SillCC the beam cannot be steered athwartships, there is no 
correction for roll; but if the roll angle of the fish C)leeeds 
about 3 ~ the f0fW3rd-scanered signals would not be deteetcd 
by the hydrophonc Slreamer so tmnsmission for such angJes 
can be lempornrily halted, For any pitching of the fish, the 
beam angle is dynamica lly adjusted so thaI the angle of inci­
dence at the sea-bed remains unchanged. The hardware of the 
system allows the individual addressingofcight scparatcsec­
tions of the available mcmory that store the required wavc­
forms to provide a series ofphase-sleercd signals fora range 
of angles. When the scnsorsattaehed to thc arrny detect a 
change of pitch, the appropriate waveform is sc lccled and the 
beam is therefore steered to compensate for the movcment. A 
scricsofcightsignals allows near-instantaneous c()ffUlionof 
the bcam direction due 10 Ihc sensed movement. With eight 
po!lsibleanglesandatotalphasestecrcapabililyof ±18°,the 
angular separation ofthe bcams is 4.5c , AfurtherconsidcrJ.­
lion is the problem of alignment of the sonar beam and Ihe 
Slreamcr when the sea-bed is sloping and several methods 
have been studied 10 delermine the slope. Thc simplesl melhod 
is by depth sounding, which can be done by periodically steer­
ing a primary frequency beam vertically downwards. A more 
~omplex mClhod is to steer two primary frequency beams at 
differentang!es, say onc slightly fore of vertical and one 
slightly aft ofvcrtieal, Ihen measure Ihe time difference, which 
in tum allows the slope to be determined. A suitable way 10 do 
this is to correlate the envelopes of the two back-scatten:d 
signals; the two narrow beams would make the array appear 
li ke a Doppler sonarbuI instcad of measuring a frequellCy 
differ~nce, a time difference is measured. The method is 
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Figure 1. Configuralion of electronically sletred panmetric 
array in a low-fish. 

thereforc similar in principle to the operation of a correlation 
velocity log. 

Although a parametrie sonar system is fairly complex and is 
difficult 10 deploy, it allows the study ofsedimenis remotely, 
since it ~an operale near the sea surface 10 examine Ihe 
eharaeterisl icsofsedimcntson thccontinenlal"helf. 

5. CONCLUSIONS 
Many IypeS of sonar system have been dcsigned for the 
detection of objects underwatcrand for the sun'eyingor 
imaging of the sea-bed. There are many variations on a theme 
avaiJablcandlhereisnooncsySlemortechniquclhatis'betler' 
lhanall Iheothers: thc measurcment capability or precision 
depends loa large eXlcnt on the applicalion considcrcd. 
Whatever Ihe technique used it is always necessary to consider 
what result is expectcd; the resolution achievablc, whelher 
coarse or fine, is invariably of paramount importance and worth 
s~ialconsideration[20]. 

In thispaper,Ihcvarioussonarsystemshavebcenarbitrarily 
categorised as 'non-penetrating' and 'penetrating' to 
distinguish betwecn types lhatare mainly used for imaging the 
sea-bed and those that are mainly used to profile sub-bottom 
sedimenlS. One of the major challenges 10 sea-bed exploralion 
is 10 find a tcchnique or a combination oftechniqucs 10 enable 
sediments to be identified and characterised without Ihc nee<l to 
take cores or to disturb the sea-bed dinx:tly. This has been a 
major researeh theme of the European Commission's MArine 
Science and Technology (MAST) programmes". In the MAST 
programme research described here the broad aim has been to 
design new, remolcly operated systems for characterising the 
sea-bed and the sub-bottom Slruclure entirely by acoustic 
means. Whi le the use of non-pc net rating systems such 3Sthe 
sidc-scan sonar have been used roulineiy fordeeadcs to image 
the sea-bed, it remains II major challenge 10 determine the exaet 
nature of the underiyingsediments using penetrating syslems 
such as the parametric sonar. The ultimate objective is 10 

develop an acouSlic technique such that fo llowing Ihc 
propagationofacodedpingoraseriesofpings,theseauered 
or renected acoustic signals may be analysed 10 revcalthe 
narure of the sea-bed parameters directly without recourse 10 
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direct non-acoustic tel:hniques lhat are u~ed now. Present 
techniques, although advanced and sOJlhislicated, are a long 
way frum achieving this objective. Futu!"\: applications of this 
technology may include dredging. material exploitation, 
sedimentology, propagation rn<Jdelling and the detection of 
buried objects. 
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