WO 20061075167 PCT/ GB2006/ 000116 | An Acoustic Reflector The present
invention relates to acoustic reflectors and particularly to underwater

reflecti V@th%f%@éfﬁ\];sed as navigational aids and for | o%&g&oﬁg&oa
_ I'C

re-locati ter reflective targets are typically a Yl ectors
whi ch are generally used in sonar systens such as, for exanple, for tagging
underwat er structures. Relocation devices are used, for exanple, to
identify pipelines, cables and mnes and also in the fishing industry to
acoustically mark nets. In order to be jeffective an acoustic reflector needs
to be easily distinguishable from background features and surroundi ng
clutter and it is therefore desiAmAtenstioRefleethr refl ective targets to (a) be
capabl e of producing a strong refl ected acoustic output response (i.e. high
target strength) relative to the strength of the acoustic waves refl ected
of f background features and surrounding clutter and (b) have acoustic

charact erifd ﬁésehhﬁﬁ/erlltﬁiﬂq’_ﬂla@s td achBstie@eflctsté hrid @ﬁ&%rfyrte i@drhater (T al se)

targets. Enhanced reflection of acoustic waves froma target is currently

achi eved b%ﬂéﬁ%%%g%tﬁ%ﬁx{g%‘gﬁf&%£§§mw caé{oﬂ%@?@fac&fbn@ side of a

spheri cal a y are focuse ong an 1 nput path onto an
opposi ng side fromwhich they are reflected and emtted as an output
refl ected response. Alternatively, the input acoustic waves may be refl ected

nore than once from an opposi ng Sj before bein 1tted as_an out put
refl ect ed Wadeswater reflective tgr%ets aregtyplcglfy acoust{c retlectors wﬁféh are generally used n”

sonar systems such as, for example, for tagging underwater structures. Relocation devices
are used, for example, to identify pipelines, cables and mines and also in the fishing

industry to acoustically mark nets.

In order to be effective an acoustic reflector needs to be easily distinguishable from
background features and surrounding clutter and it is therefore desirable for such
reflective targets to (a) be capable of producing a strong reflected acoustic output
response (i.e. high target strength) relative to the strength of the acoustic waves reflected
off background features and surrounding clutter and (b) have acoustic characteristics that

enable it to be discriminated from other (false) targets.

Enhanced reflection of acoustic waves from a target is currently achieved by refracting
input acoustic waves, incident on a side of a spherical shell, such that they are focused
along an input path onto an opposing side from which they are reflected and emitted as an
6utput reflected response. Alternatively, the input acoustic waves may be reflected more

than once from an opposing side before being emitted as an output reflected wave.



WO 2006/ 075167 PCT/ GB2006/ 000116 2 Known underwater reflective targets

conprise a fluid-filled spherical shell. Such fluid- filled spherical shell
targets e hj arget strengths when the selected flui (8 S und
speed of h@b&ﬂ&’%&nﬁ-l. This is currently achieved by ﬁisqdfr‘u B2b00d0 116

chl or of  uorocarbons (CFCs) as the fluid inside the shell. Such liquids are

general |y undesirabl e organi c-sol vents, which are toxic and ozone-depl eting
chemcals. Fluid filled spherical shell reflective targets are therefore

di sadvant aged because use of such matergals is restricted due to their
potential to harmthe environnent as a result of the risk of the fluid

| eaking into, and polluting, the surrounding environment. Furthernore,
fluid fillKabvemedderwattt refective targety comprisaadluidfiled spheical isheli. Sueh fluidd
expensi ve to manufacture. Another known acoustic reflector is a triplane
reflector fW¥deBhédiaal arllltyrgeteive ligibtardet steengths wheg dreadelectedl iflait ias @ spirahes

whi ch intersect at a common origin. However, such reflectors may require a

coat i ng t OgJaBKEF FRRNBAFANS tTEAk bitrdnBll laGiibied DyaisincRIbIEMBrésutohs (CFEHr est and
for use in"marine environnments and, although capablg of a high target

strength, 1 %flﬁi];c)ll fGhd 48 sg(ﬂg %‘tﬁéﬁ f&é%c%sﬁfr% %%gFﬁlﬁ?g@aﬁﬁ%?%ﬁfé—sﬂeﬁts rone to

variation W ressure Furthernore, triplane
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target strength can occuy, at diffgrent angles, It (s al so,d?@lrabl e, for

there to blarestsue theretorsrdisadyautaged hecauss usg Bf Sich aterialsis prsfriptedstue to fheir g

potential to harm the environment as a result of the risk of the fluid leaking into, and

polluting, the surrounding environment. Furthermore, fluid filled shell reflective targets

are relatively difficult and expensive to manufacture.

Another known acoustic reflector is a triplane reflector which typically comprises three
orthogonal reflective planes which intersect at a common origin. However, such
reflectors may require a coating to make them acoustically reflective at frequencies of
interest and for use in marine environments and, although capable of a high target
strength, the reflective properties of the coating material are prone to variation with
pressure due to depth under water. Furthermore, triplane reflectors are disadvantaged in
that their reflectivity is dependent on, and restricted to, their aspect, wherein variations of

greater than 6 dB of target strength can occur at different angles.

It is also desirable for there to be acoustic reflector tags suitable for attaching to, locating,
tracking and monitoring marine mammals such as, for example, seals, dolphins and

whales, for research purposes. It is desirable for such tags to be lightweight and small in



tracking and nonitoring mari ne mammal s such as, for exanple, seals, dol phins
and whales, for research purposes. It is desirable for such tags to be

| i ghtwei ght and small in WO 2006/ 075167 PCT/ GB2006/ 000116 3 size so as not
to inhi bi YOG4Tl in any way. However, the abovenenthiHAEBOReMRALE
reflectors are not suitable for such applications. As nentioned above, the
liquid filled sphere reflectors rely on toxic materials and are therefore
considered to be potentially harnful to an aninmal to which it is attached
and the surrounding environnent in which the animal lives. The triplane
reflector is not omi-directional but is, instead, dependent on, and
restricted to, its aspect which is undesirable. It is therefore desirable
for there g domsaot RGAKIBIL it débhhlda oy wahiHowever, therabbVementioned knowa, snal | in
size and relatively easy and i nexpensive to manufacture. According to the

present | nyeﬂ@&tbﬁraréﬁtﬁrs@itdﬁe Rﬁ@ﬂélfh?ﬁﬁ@dﬁoﬁ@%%ﬁdnﬁoﬁdﬂfdb@%,%e Kquidfiled ng a shel |
havi ng a wa arranged to surround a core, said shell being capable of
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right cylinder and is formed of one or nore concentri¢ |ayers, of a solid
material Heapivepl iivemdae tiplans refleqtordsmal pomy-gire: t s, aﬁé‘—a@ﬁgpeqdﬁ@ shell is

di mensioned relative to the core such that a portion of the acoustic waves
i nci dent omnjtand restristed tay s aspeqsivehdch in pdesirable.

It is therefore desirable for there to be an acoustic reflector which is durable, non-toxic,

small in size and relatively easy and inexpensive to manufacture,

According to the present invention there is provided an acoustic reflector comprising

a shell having a wall arranged to surround a core, said shell being capable of transmitting
acoustic waves incident on the shell into the core to be focused and reflected from an
area of the shell located opposite to the area of incidence so as to provide a reflected
acoustic signal output from the reflector, characterised in that the core is in the form of a
sphere or right cylinder and is formed of one or more concentric layers of a solid material
having a wave speed of from 840 to 1500 ms™ and that the shell is dimensioned relative
to the core such that a portion of the acoustic waves incident on the shell are coupled into
the shell wall and guided therein around the circumference of the shell and then re-
radiated to combine constructively with the said reflected acoustic signal output so as to

provide an enhanced reflected acoustic signal output.



the shell wall and guided therein around the circunference of the shell and
then re- radiated to conbine constructively with the said reflected acoustic

signal o to provide an enhanced reflected a ' | I
out put . Wg@é’égﬂg@m? PCT/ GB2006/ 000116 4 The reflectg&ﬁr}aﬂﬁ%@b‘?‘g@t he

shape of either a sphere or a cylinder with the circular cross section
orthogonal to the generator. In the latter case the reflector would be in
the form of a |long continuous system ie a rope, with high sonar returns
comng fromspecular glints fromthosd parts of the rope which are di sposed
at right angles to the direction of travel of the acoustic signal.
Preferably, the core is formed froma single soljd mat,tﬁrial, havi ng a wave
speed bet Wherellger may bejin theshapof either a sphpreor 4 gylinder yith thg.c cwgs), conpri se
two or nore |layers of different materials where, for a particular selected
frequency seétianherthegonad td the wenesator. tThdlelattensasethprefigctaeweldiherin therfernef f ect i ve
focussing of the incom ng waves and/or |lower attenuation within the

mat eri al s¢f adéng contiaselistsystamgsiealrbpe, withhig sonageurmsuoming fogrsatcularNat ur al |y,
however, the conplexity and costs of manufacture in the case of a |ayered

core woul dieremmest paktd SF theropk S are ¥BEdsed httephe Bidlos 16 thedifgelo0bf t Wo or

nore |ayers of different materials, either or both of the materials may

have a vvavt?' V%Pgﬁﬂeg{ouy@ctﬁ a3r500ms-1. To be suitable for use in the refl ector
devi ce of %e I'nvent on, e core material nust be

Preferably, the core is formed from a single solid material having a wave speed between
840 ms™! and 1300 ms™. Alternatively, the core may comprise two or more layers of
different materials where, for a particular selected frequency of the acoustic waves, these
would provide either more effective focussing of the incoming waves and/or lower
attenuation within the material so as to result, overall, in a stronger output signal.
Naturally, however, the complexity and costs of manufacture in the case of a layered core
would be expected to be greater. Where the core is formed of two or more layers of
different materials, either or both of the materials may have a wave speed of upto

1500ms™.

To be suitable for use in the reflector device of the invention, the core material must be
such that it exhibits a wave speed in the required range without suffering from a high
absorption of acoustic energy. The core may be formed from an elastomer material such
as, for example, a silicone, particularly RTV12 or RTV655 silicone rubbers from Bayer

or Alsil 14401 peroxide-cured silicone rubber.



such that it exhibits a wave speed in the required range w thout suffering
froma high absorption of acoustic energy. The core may be fornmed from an
el ast orer ' such as, for exanple, a silicone, p ' V12 or
RTV655 siwg?éﬁgé&g{%bers from Bayer or Alsil 14401 per oj{chjé&g{?ﬁé@%éﬁi cone
rubber. WO 2006/ 075167 PCT/ GB2006/ 000116 5 The shell may be fornmed of a
rigid material, such as, for exanple, a glass reinforced plastics (GRP)
material, particularly a glass filled nylon such as 50% gl ass filled Nyl on
66 or 40% glass filled sem -aromatic p@d yam de, or steel and maybe

di mensi oned such that its thickness is approxinmately one-tenth of the

radi us of the core. However, the derivation of the appropriate relationship
bet ween t HEssshph nenysiedfommedrof meigid inaterialpsuches, foheramples p glass weinforced he
materials used for the core and shell will be readily understood by the
skill ed peglasties (FRP) eertspparituladyndilaisiiledayks sucleassiavs plass fillddNigon t he shel |
of the reflector with internally focused waves can be exploited within the

design of ¢d& Aoy Llss filfeddeRY-hfdthalic pbiyamids, 605D AMERARY Be d@mnsibRedyuch eat ur es
in the enhanced refl ected acoustic signal output fromthe device. For

exanpl e, t"[ﬂst i m%esg?{@gfo&&ag r?ta_@.t@&ﬁ 8PEE thdn® AR Bow&RRREt eri stic

time signature or spec cont y appropriately adapting the sonar
whi ch i bei . to detect th ti ' t put [
thechar acTuMRuOR 8 e Bptiperiic aindie piteds Bt ieublalippe o0 =

characteristics of the materials used for the core and shell will be readily understood by

the skilled person.

The concept of combining waves transmitted through the shell of the reflector with
internally focused waves can be exploited within the design of the device to provide a
highly recognisable feature or features in the enhanced reflected acoustic signal output
from the device. For example, the signal output might be arranged fo possess a

characteristic time signature or spectral content.

By appropriately adapting the sonar which is being used to detect the acoustic signal
output so as to recognise the characteristic feature in the output, it then becomes possible
to more readily distinguish between the signal from the reflector of the invention and
background clutter and returns from other (false) targets lying in the field of view of the

sonar detector being employed.

The present invention will now be described, by way of example, with reference to the

accompanying drawings, in which:



to nore readily distinguish between the signal fromthe reflector of the

i nvention and background clutter and returns fromother (false) targets
lying in_t fi of view of the sonar detector being e

pr esent WW@?%P@§%9%A|| now be descri bed, by way of exan%ﬁgﬁﬁﬁyﬁﬂmgggerence
to the acconpanying draw ngs, in which: WO 2006/ 075167 PCT/ GB2006/ 000116 6
Figure 1 is a schenmatic representation of a cross section through an
acoustic reflector according to the present invention; and, Figure 2 is a
graph show ng Frequency agai nst Target @trength for different conbi nations
of shell and core materials of acoustic reflectors. Referring to Figure 1,
an acoustic reflector 10 conprises a spherical shell 12 having a wall 14.
The wal | 1Rigsrerl is arsdsensatisaepreseatation ef a¢ress seqtjon; through e gequptisicliedtdryi d
material such as a glass reinforced plastics (GRP) material or steel. The
core 16 i sadcordimitofthopresers idvientiomptuat, i al such as an el astonmer. The

frequency, or range of frequencies, at which the acoustic reflector is
applicable is dependent on predeterm ned conbinations of naterials, used to
formthe shell and core, and the relative dinensions thereof. However, as

will be apgfégﬂi %{g%;%{% §H§§Jéﬁg§§?@§mc§’£§&ﬁ{st TAZH i@ Tor Afferihf Ambiatio®y be

used provi are di nensroned relative to each other in

accor dance of shell and core materials of acoustic reflectors.

Referring to Figure 1, an acoustic reflector 10 comprises a spherical shell 12 having a

wall 14. The wall 14 surrounds a core 16.

The shell 12 is formed from a rigid material such as a glass reinforced plastics (GRP)
material or steel. The core 16 is formed from a solid material such as an elastomer. The
frequency, or range of frequencies, at which the acoustic reflector is applicable is
dependent on predetermined combinations of materials, used to form the shell and core,

and the relative dimensions thereof.

However, as will be appreciated by the reader, other combinations of materials may be
used provided the shell and core are dimensioned relative to each other in accordance

with the wave propagating properties of the materials used.

Incident acoustic waves 18, transmitted from an acoustic source (not shown), are incident
on the shell12. Where the angle of incidence is high most of the acoustic waves 18 are

transmitted, through the shell wall 14, into the core 16. As the acoustic waves 18 travel



wi th the wave propagating properties of the materials used. |ncident
acoustic waves 18, transmtted from an acoustic source (not shown), are

i nci dent ell12. Wiere the angle of incidence i of the
acoustic mgﬂ%@ﬂ@gﬁﬁre transmtted, through the shell ﬁﬁTn%%mogﬁ@%lthe core
16. As the acoustic waves 18 travel WD 2006/ 075167 PCT/ GB2006/ 000116 7
through the core 16 they are refracted and thereby focused onto an opposing
side 20 of the shell, fromwhich the acoustic waves 18 are refl ected back,
al ong the sane path, as a reflected adqoustic signal output 22. However,
where the angle of incidence is smaller, at a coupling region 24 of the
shell, i.e. at a sufficiently shaIIOM/an e relative to the shell, a

portion ofthtaugh thesoreek thepans gefratedsand sagsebyfosusediontn an wapgsingsidednfovi de

shell waves 26 which are guided within the wall 14 around the circunference
of the shetheé stkh, frdmevhiel theisadustiviiarés Borewefloeiedbask| alogg thadamepathmse 16 and
the relative dlnen5|ons of the shell and core are predeterm ned such that

t he transifefldtétPacohistichy Gltputi2y HoR Bver,Swiidiethe angie ofiincidecd is amalldr, dtiame  of
the internal geonetrically focused returning wave (i.e the reflected

acousti ¢ siynhe R e sHTIEILLOL Giidi By SRAIoH Rigld RNsvelo kbSahel | wave,

which is re-r into e rluid, and ?,he refl ected acoustic signal

e L R D

a frequenc?/ rovide an acousti1c signal
out put (i. h, t.ar, t str That. is spheri cal
acoustic r‘é’*‘ﬁ‘:@ 1def i ﬁfg‘{ﬁé‘%‘ftﬂ? ﬂﬁcuﬁférﬂme (éﬁﬂ?‘#eﬁeﬂgtzh | engt h and
t herefore

The materials which form the shell 12 and the core 16 and the relative dimensions of the
shell and core are predetermined such that the transit time of the shell wave 26 is the
same as the transit time of the internal geometrically focused returning wave (i.e the
reflected acoustic signal output 22). Therefore, the contributions of the shell wave, which
is re-radiated into the fluid, and the reflected acoustic signal output are in phase with each
other and therefore combine constructively at a frequency of interest to provide an
enhanced reflected acoustic signal output (i.e. a high target strength). That is to say, for a
spherical acoustic reflector the circumference of the shell is the path length and therefore
must be dimensioned in accordance with the respective transmission speed properties of
the shell and the core, such that resonant standing waves are formed in the shell which

are in phase with the reflected acoustic signal output to combine constructively therewith.

Figure 2 presents data obtained by numerical modelling, comprising the frequency (F) of
the incident acoustic waves plotted against the target strength (TS) for a spherical

acoustic reflector according to the present invention, having a silicone core



nmust be di mensioned in accordance with the respective transm ssion speed
properties of the shell and the core, such that resonant standi ng waves are
formed i nWMWIGHBIE7 whi ch are in phase with the refl ectREI/&GBAISNI0G1GI gnal
out put to conbine constructively therewith. Figure 2 presents data obtained
by numerical nodelling, conprising the frequency (F) of the incident
acoustic waves plotted against the target strength (TS) for a spheri cal
acoustic reflector according to the pregent invention, having a silicone
core WD 2006/ 075167 PCT/ GB2006/ 000116 (100mm r adi us)/ GRP shell (11.7mm
thick shell), shown as dianonds plotted on the graph. Data, simlarly
obt ai ned, f(PHOnAm $RINE)/GRE sERUPUE.Ying: theklsBEL)XNhoWa @S Bikinoads loitb®otesent
i nvention, having a Silicone core (100mm radius)/steel shell (1.7mmthick
shell), is i{}}own as circles plotted on the sanme graph. These results can be
conpar ed or‘%rt e graph of Figure 2, with data al so obtained by nunerical
nodel | i ng for spherical acoustic reflectors having the known conbi nati on of
a |iquid chlorofluorocarbons (CFC) core/steel shell (1.3mmthick shell)
which is shown as_ asterisks plotted on the graph, and for a reference
conbi nat i orP## senilagyobiained, Z‘Fé‘éf’h ‘I‘cO“W"FirEfﬁecf‘g agepding o the pEsedts pl otted on
the graph. As can be seen on the graph the silicone core/ G-RP shell acoustic
reflector (iuve;;mimdxavipg@tsﬂ;conagorpéﬁ)@@r@radwb/@twlxsbﬂ%/(lhhgn thigk ghall).g8 r engt h at
frequenci es of between

shown as circles plotted on the same graph.

These results can be compared on the graph of Figure 2, with data also obtained by
numerical modelling for spherical acoustic reflectors having the known combination of a
liquid chlorofluorocarbouns (CFC) core/steel shell (1.3mm thick shell) which is shown as
asterisks plotted on the graph, and for a reference combination of an air core/steel shell

which is shown as crosses plotted on the graph.

As can be seen on the graph the silicone core/GFRP shell acoustic reflector (diamond
plots) has peaks of relatively high target strength at frequencies of between

approximately 120 kHz and 150 kHz and between approximately 185 kHz and 200 kHz.

The silicone core/steel shell acoustic reflector (circle plots) has peaks of relatively high
target strength at frequencies of between approximately 160 kHz 180 kHz and between

approximately 185 kHz and 200 kHz.



approxi mately 120 kHz and 150 kHz and between approxi mately 185 kHz and 200
kHz. The silicone core/steel shell acoustic reflector (circle plots) has

peaks of lLatiyely high target strength at frequencie
approxinﬁ&é?@m@é§6ikt 180 kHz and bet ween approxinatelgciggeﬁ%%ﬁgﬁg 200
kHz. WO 2006/ 075167 PCT/ GB2006/ 000116 9 It will also be noted that the
target strength of the known |iquid CFC core/steel shell acoustic reflector
(asterisk plots) is significantly less at these frequencies of interest and
tends to |l essen as the frequency increagses. In addition to being
advantageous in that it is fornmed of acceptable materials which are not
considered to be harnful to the environnent and that it is relatively easy

and i nexpdiilhatsotbs notadithatdhetacget stranghraf shedmopnligid GFC conefstast shell

advant ageously provides an acoustic reflector with conparable target
st rengt h ujpcdustid Rfledtblz (aatedsleplotsh isesibnt foangidy lesssdt theane frbquencies efjintmest el gr eat er
than 100k kHz with respect to known acoustic reflectors. It wll be

appreci at ededdy td losseh aathe freglidicydhdréReLnt conbi nations of solid core and
rigid shell materials may be used provided they are di nensioned to provide
shell waves which are in phase with the reflected acoustic signal output
such that they conbine constructively therewith. 10 CLAI M

In addition to being advantageous in that it is formed of acceptable materials which are
not considered to be harmful to the environment and that it is relatively easy and
inexpensive to manufacture, the present invention further advantageously provides an
acoustic reflector with comparable target sirenéth up to 100 kHz and enhanced target

strength at frequencies greater than 100k kHz with respect to known acoustic reflectors,

It will be appreciated by the reader that different combinations of solid core and rigid
shell materials may be used provided they are dimensioned to provide shell waves which
are in phase with the reflected acoustic signal output such that they combine

constructively therewith.



1. An acoustic reflector (10) conprising a shell (12) having a wall (14)
arranged to - surround a core (16), said shell being capable of transmtting
acoustic waves (18) incident on the shell into the core to be focused and
reflected froman area (20) of the shell |ocated opposite to the area of
igcidence of the acoustic waves so as to provide a reflected acoustic
signal output (22) fromthe reflector, characterised in that the core (16)
isin the formof a sphere or right cylinder and is forned of one or nore
concentric layers of a solid nmateriap having a conpressional wave speed of
from840 to 1500 ns" and that the shell (12) is dinensioned relative to the
core such that a portion of the acoustic waves (18) incident on the shel
are couplgig o the shell wall and guided therein around the circunference
‘of the shell and then re-radiated to conbine constructively with the said
reflected acoustic signal output to provide an enhanced refl ected acoustic
signal "output (22). 2. An acoustic reflector, as clained in Caim1, wherein

“he core (416),i r I i-nql ' t.er Xling a conpressional
wave spee 'bé't‘ \%@g%tgégg%ﬁt&éng i%%@%%—sﬁéwg.bj l%r‘l’n%@%gt?ll@g?e e%:ot or, as clained
in dainms 1 9t in L . [ ed | f n stomer
mat eri al . 4.SQI ﬁgné‘c%\él}g{ ﬁgﬁﬁéa'?%é:gt% %ﬁg (:%bgglglogtir%ggﬁﬁﬁg @gsﬁ%%BSMrei n the .
el astonmer nmaterial [.s sjljcone. .5. An.acoustic.reflecto claimed in
any of the pPERuReniRare Mo h e bR oekEadRR ecsa fom af ks éftne

shell located opposite to the area of incidence of the acoustic waves so as to provide a

reflected acoustic signal output (22) from the reflector, .

characterised in that the core (16) is in the formof a s.herc or right cylinder and is

P gnicy

formed of one or mofe concentric layers of a solid material having a compressional
wave speed of from 840 to 1500 ms™' and that the s:hell (12) is dimensioned relative to
the core such that a portion of the acoustic waves (18) incident on the shell are
coupled into the shell wall and guided therein around the circumference of the shell

and then re-radiated to combine constructively with the said reflected acoustic signal

output to provide an enhanced reflected acoustic signal output (22).

2. An acoustic reflector, as claimed in Claim 1, wherein the core (16) is formed from a
single solid material having a compressional wave speed between 850ms™ and

1300ms’".

3. An acoustic reflector, as claimed in Claims 1 or 2, wherein the core (16) is formed

. from an elastomer material.



(12) is forned froma rigid material. 6. An acoustic reflector, as clained
in Caimb5, wherein the rigid material is a glass reinforced plastics (GRP)
material, 7. An acoustic reflector, as claimed in Claim5, wherein the rigid
material is steel. 8 An acoustic reflector as-clained in clai'm6 wherein
the rigid material is a glass filled nylon. 9. An acoustic reflector as
claimed in any of clains 2 to 8 wherein the core (16) conprises one or nore
further materials adapted to enhance focusing of the acoustic waves
transmitted into the core. 10. An ddoustic reflector as claimed in any of
the preceding clains, wherein the enhanced reflected acoustic signal output
(R2) is sufficiently characteristic to provide discrimnation from other
reflectors of the same acoustic waves. 12 11. An acoustic reflector as

clai med ih 6nasoustic sefleates; 35 olaimedsin Gaim 3o whergin theelasiemerdmaeriabisd by a specific
time signature. 12. An acoustic reflector as clainmed in Claim9 wherein the
si gnal out peiticans. characterised by its spectral content. 13. An acoustic
‘reflector (10) conprising a shell menber (12) defining an enclosure and a
core nmenber (16) occupying said enclosure wherein said shell nmenber is
adapted to transmt acoustic waves (18) incident on the shell nenber into
the core 3 0AR@cdustidr@Rettor, as claimed in any of the preceding claims, wherein the shell

(12) is formed from a rigid material.

6. An acoustic reflector, as claimed in Claim 5, wherein the rigid material is a glass

reinforced plastics (GRP) material.
7. An acoustic reflector, as claimed in Claim 5, wherein the rigid material is steel.

8. An acoustic reflector as claimed in claim 6 wherein the rigid material is a glass filled

nylon.

9. An acoustic reflector as claimed in any of claims 2 to 8 wherein the core (16)
comprises one or more further materials adapted to enhance focusing of the acoustic

waves transmitted into the core.

10. An acoustic reflector as claimed in any of the preceding claims, wherein the enhanced
reflected acoustic signal output (22) is sufficiently characteristic to provide

discrimination from other reflectors of the same acoustic waves,



and reflected froman area (20) of the shell |ocated opposite to the area of
iknci dence of the acoustic waves so as to provide a reflected acoustic
signal output (22) fromthe reflector, characterised in, that the core (16)
is in the formof a sphere or right cylinder and is fornmed of one or nore
concentric ‘layers of a solid material having a conpressional wave speed of
ffom 840 to 1500 ms i and that the shell nember (12) is dimensioned
relative to the core such that a portion of the acoustic waves (18) incident
on the shell menber are coupl ed in2o, and pass around the circunference of,
the shell nenber and are re-radiated and conbi ned constructively with the
said reflected acoustic signal output to provide an enhanced reflected
acoustic signal output (22). 1

11. An acoustic reflector as claimed in Claim 9 wherein the signal output is characterised

by a specific time signature.

12. An acoustic reflector as claimed in Claim 9 wherein the signal output is characterised

by its spectral content.

13. An acoustic reflector (10) comprising a shell member (12) deﬁnir;g an enclosure and
a core member (16) occupying said enclosure wherein said she_li member is adapted to
transmit acoustic waves (18) incident on the shell member int;o the core to be focused
and reflected from an area (20) of the shell located opposite to the area of incidence
of the acoustic waves so as to provide a reflected acoustic signal output (22) from the
reﬂector., ’

characterised in that the core (16) is in the form of a sphere or right cylinder and is

formed of one or more concentric layers of a solid material having a compressional
wave speed of from 840 to 1500 ms™ and that the shell member (12) is diménsioned
relative to the core such that a portion of the acoustic waves (18) incident on the shell
member are coupled into, and pass around the circumference of, the shell member and

are re-radiated and combined constructively with the said reflected acoustic signal

output to provide an enhanced reflected acoustic signal output (22).



