10

20

25

30

35

WO 2007/ 0959@& PCT/ EP2005/ 001462 METHOD FOR GENERATI NG
A SONAR | MAGE The invention relates to a nmethod for
generating a sonar image of an underwater- area of the
generic type 5 defined in the preanble of claiml. A

kneenzsenedosyet em operating on an uItr o% 8 462
for generating an i mage of an undervvater ; ?Zg 3
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Zrespef@eagzooﬁ{@oééﬁg signals are correlated with a
stored pattern of the sound pulse in tcorrelators; at
the outputs of which time=compressed pulses are present
for «cells of angular resolution. 2an image memory
accepts the output pulses of the correlators and’
generates a three-dimensional database of the echoes in
the form of a set of contour lines for each range cell.
By means of standard computer graphics technology, an
optical image which supports the operator in
identifying an object is generated from the three-
dimensional database.

To identify sea mines, it is known to combine this so-
called broadband sonar transducer technology with
signal Pprocessing for sound reflection tomography in
order to obtain high-resolution images of sea mines

from a safe distance of 100 m +to 200 m (Brian G.
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Ferguson "Application of acoustic reflection tonography
to sonar imaging", J Acoust. Soc. Am 117(5), My
2005, pages 2915 to 2928). For this purpose, the water
craft carrying the sonar nust nove around the m ne,
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The method according to the invention has the advantage
that an arbitrarily large underwater area can be
scanned with high résolution in space so that contours
of objects in the underwater area and/or the surface of
the. bottom of the underwater aresa are detected with
great detail. A virtually straight-line travel of the
water craft carrying the transmitting and receiving
antenna over in each case one particular route in
parallel planes lying above one ancother is sufficient
- for this purpose. To simplify the terminology, the
traveling plane of the water craft is called horizontal
plane and the plane oriented at right angles thereto is
called vertical plane. Correspondingly, angles in the
horizontal plane, that is to say in the traveling
plane, are called horizontal angles and angles in the

vertical plane are called vertical angles. The length



of the individual routes and the nunber of routes above
one another in parallel are again dependent on the
extent of the underwater area to be covered in the
direction of travel, that is to say an the horizontal 5
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|nw?hgbng??%gﬁﬁdlrectlon % the knomm??ﬁjqﬁﬁﬂQS/Pﬁé452
spatial resolutjon of the undermater area in the

di rec |on‘%ﬁ e egtgapandehtc onutRe Iedt iponeal above

- ap@PEuracdigire bp, phlalles taresaygihe apebhuES: aQQ]I ec10

10

15

20

25

30

35

spappes: i Bt hend ravgling plage, and on the nu
di rect | onaI tierns or earr§§| n th eok?ec PYFRY' sé& of e

and* J(’JI%Tte]r‘?Ybr eSTW S i Herteakd nep r 8@y alndistahoeizbntal

) t heétl neetthioth agedr o Nge A ddl%rwve;mah @Bo, | RHGENL! f@Sé% Lhe

Spati @her he directi, of travel Is
i nde gﬁdeﬁ%@g;ﬂgéﬁedﬁ%ﬁgzon{lal %Qp r%“%%l%eWOQ%e the
di ?‘%%hadlnalreéé’btféﬁﬁn andf cowlst antndevertdirst anee 1t i She

exdl tsitvelry dependentl onst e.dBmERLEUAS, Ofy hehé%?%‘omdl
an&lee_gﬂdll erg}éi: cover ?1 that is'to S?é on teh

hori Zontal settor? ang BEWESf EP heave ievi #pEeErorandle
20PRHE % cEl viig Bntenhing uptiere whach eguahepaivilseOfor

t het rapndenvat eatakeasane Whser ved"y yi t{' éé’l%_ Lecelvin
arl@ltnec{mge ver. the rout e passed by the , SR
maxi it acht EAaBIS ‘%Jp%ﬁl é‘(PCF%%%Jrf&Hl éﬁdilﬁlt I%S@Hrleeu oin

oftheer g@@]noplsaggneqimcj{ yte tl‘fsﬁl:l’]h\ﬁ@ﬂt%ﬁ[ eif. t@n@f@st 2 3
veJ G;Ifa)l of- Dot ter Is the pul se;
R e8QuRg: 4N 1h‘ﬁ gl @gc% IlleS%F t HEE ¥ b elrs

n%el on of . the sound pul ses. ver
fl SSRSUFFRG 5oi ntRe élr‘i’éflt-ﬁﬂ'éabf awEtaspecingngl e the
widkieti headspetteanghadi nbesyaht Ews,k E@s%%é‘é‘t edta

besxsultkeLent | The spat i esolutjon of the
unxegvvaterfgr ggpgﬁae(?g%nggcu arlrg act“\%% d?P T e&tForR Brect
t FAVeP, tRafryel tocoggzgeql,n th}éa*@/erm catodi segti on, itse

dépeﬁﬁeﬁtamgnsbb%r nenhes of FQUE§§ @eewvw? éeewﬁf e
panal ¢l PG e travel e rou

cr; t. The re%efa%?%rg{as’ec‘% oar/elca”\%lk‘fe gﬁﬁe&%?tﬁe&ﬁ feéem
i Uﬁaesvat%ﬁ r é&t9%nAfrer ni"wgsbyvedinul witpl | ciHey ofedeeamsy
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maximum achievable spatial resolution in the direction

of travel 1is generally £ ssinfe

‘-‘,

velocity of sound in the water and 7 is the pulse
duration of the sound pulses. Nevertheless, the number
of measuring points, and thus of the aspect angles
within the aspect angle interval, must be selected to
be sufficiently large.

, where ¢ is the

The spatial resolution of the underwater: area
perpendicularly to the direction of travel, that is to
say in the wvertical direction, is dependent on the
number of routes above one another in parallel ‘whi’cn:h
are traveled through by the water craft.

The receiving sector can be Spanned by beam forming or
direction-forming by a multiplicity of beams or
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WO2007/ 095962 - 4. PCT/ EP2005/ 001462 directional
patterns | ocated adjacently to one another in the
manner of a fan, all of which have the same vertical
aperture angle as a result of which, the distance of

theompasyybagogei nts from ong another apd 5 thds the

traveling speed of the underwater craft

enl,arged: but. the spatial resolution in the direction of
tr %@g?gf%“’%%lt 18%%%%%1?. i‘}ﬂ‘?@eﬁur_ﬂ%iﬁ%ﬂtégpé@t carglaesther
und@r Sisi ohaneol afrezelenentaln bhe wnder wale! area i Se
observedsi s 4 u Qt nunber_ af beans or 10
di ect i onal {%E;Etug?ngéqqtnl%v\h?rgn the Vo u(ljirfe 8?en’§1ﬂch' the
appeard “ant’ ckRSpBeRBRT Y | Rdimver frere dhstancehef the
nesws i fige poraitesinghepdiat ?ﬁc@hwumeb“hﬁ&?%%@tgga 3 be
POLAL S , r ; elected to be Itrii Pe 152 ¢
o S ast I A BBy S LSS I e chaperont of
bebor  dir 2t oRBRN PRt efils  Wiiindr coveradtet angles
r eceilant nghsactorvoddne thedRari 2antalk “ggkﬁgtgpgg,eeac p3,
ZOo&selqyéctex%gpl B2 receiving sector. of the recerving
antenna W th-a $e¢t o 4Agl et PERe opushar| Ye &ssufedor
wHi e Gtsl aBados e tterssundnpulséshof thel seotunat | ONetiome
O.dppemrat, andi ehanse AonffoiNg NRASULLNY points from 25
one..angther. The recejvi %élalr?%eﬁ%sﬁi étl?%s%&ﬁ%%“‘f% Pave’ 3
beam t an” of 28 Beans '0F ditekaihalbypatt ertie covesingng
t ROy dGeilvi Agpseptbrtathi clkeliertedchocmse have an
aperture angle of 9. Wth a velocity of sound ¢ = 1500
nms, a spati akj resolution of the underwater area 30 in
the directi/on—Hf travel within the receiving sector of

0.6 cm,is e - these data, independently of
t he di st angg. Zahe;.n m di stance A" of the ‘nmeasuring
points from anot ket jwhi ch shoul d not be exceeded

is approx. 1.35 in. 35 WD 2007/095952 - 5 -

PCT/ EP2006/ 001462
where K 1is the number of beams or directional patterns

which cover the receiving sector with the horizoental
sector angle @s.

As- an example, a ,receiving';sector of the receiving
antenna with a sector angle Pz = 90° shall be assumad
which is exposed to sound pulées of pulse duration t =
0.1 ms at a distance Ay of the measuring points from
one another. The receiving antenna is assumed‘to have a
beam fan of 10 beams or directional patterns covering
the receiving sector which in each .case have aﬁ
aperture angle of 9°. With a velocity of sound ¢ =
1500 m/s, a spatial resolution of the underwater aresd
in the direction of travel within the receiving sector
of 10.6 cm is achieved with these data; independently
of the distance. The maximum distance A, of the

measuring points from one another which should not be
exceeded is approx. 1.35 m.



i0

15

20

25

30

35

In the methods hitherto used in which the angular
resolution of the underwater area within the receiving
sector is determ ned by the horizontal aperture angle
(p of the beans or directional patterns, in contrast,

heab al resolution in the direction of
:rg\?elﬁém‘)(ﬁ@@éé cmis achi evgd at a di s‘f’% PO/ OO 62

elLvin ntenna in which a beam fan of about
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neeelre@l spathal veetsbieuttios zoNt ahe AREFLAN £ ANGE € @ of

g antenna woul d nave to
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i tTY PR AhatnheRPe t Be mEtivdd acbeedi ntart oofhebout 150
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wwHyrentgal s spal | Alton US. or re e-
22}3} roI I %do%nd]gera'arﬁferg%r a?%ge(%n S spat a5 éSol Jtt %h i
t he dit et iton“BFT LY el2R%-Sc0REt aht and - doesinot a becohe

wotesslogi-t hTe ndréasi nghadi sbangenidl capbrasiet anthe, 25 1,

SI ng the rrethod
g[:l?oﬁ@tmsegefgg tﬁgorﬁeﬁhloﬁe QRP&KH Waxj ﬁ{I gﬂ%‘r Sspdti &1e
r eso%(glﬁ ot G Fieheadher %néﬁ‘léf'lw aﬁéﬁeqmm i Mhtihe meriewn

nmetthods eawhi ¢iati nwaddi t icas, het@bso &@é@cﬁiﬁutg ‘g‘rﬁégnr;ggo
recei Vi

g'lmﬁggﬁﬁ'eﬁt‘”?gﬁ;?V%f??ﬁﬂg%”% b B e b e 1

gygnt“f%t'rr%l §628hppli e%l%r Jigborc s nagepgatiantn aloger

r argelofithe: momhnsevé@e WD car vatur 6; of Lﬂ%aﬁﬂéﬁndghe

L taken into consideration
\gglgtgggﬁg % 0%@1 :rﬁtg rof'lfjﬁ% et H&6d Yac LBFBF ngha ks dithe for

Iﬁggﬁgp%ﬁntmp@ﬁoadvan@agébused@vebopnnnmsuﬁndr remote-
enbodiaEns afadfigddentien. raLe sfound in.Jfe fyrther
Ckﬁenﬁir¥¥{1891599§962'_is Eggggii:and does not become
worse with increasing distance - in contrast to the
known method. Looked at the other way, using the method
according to the invention, a very much higher spatial
resolution in the direction of travel than in the known
methods, which, in addition, is also constant with
distance, isvachieved by means of a receiving antenna
of conventional length. The method according to ‘the
invention also supplies very good image data in close
range of the sonar since the curvature of the sound

waves at close range is taken into consideration.

Suitable embodiments of the method according to the
invention, with advantageous developments and
embodiments of the invention, are found in the further
claims.
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In the text which follows, the invention will be
described in greater det a|I by neans of exenplary
enbodi ments shown in the drawing, in which: 5 figure. 1
shows a rear view of a water craft traveling in an

arga ShoyaiHoxo, W th a sonar 6for detectin &P%%%)aﬁf/org&ﬁgz
i

an under wat ér area, shown di agrarmatlc%cﬁ

f ows, a bl ock djagramof the transmtter side of the
sonar, 19 g3 ¥ROGR atPiietie di 4§rami Bfenton eesilier ba
si des@fibache isongreatsr f idpiee 14 ag}ovxﬁc@,ﬁ)er@pec;t, L¥B1ary

Vi @b s n ey %gowgl g}en@]‘gnﬂa‘%@al ysis EP subdi vi del
into volume elements, 1h an underwat & ea shown

di agrammatically, 20 flgure 5 shows a top view of an

i nistantearieosostake redr hﬁ@wd@Faaa%%%b§'EkQ@r'@rgpéllng
anal ysi s reglnonanl n téagure, 4 hown di agr anmati cal

25 figure 6 shows an enl arge&f %Sripec‘h i efPBpL “for
section VI 9pRefF§nasdaty giwan Arshowerantil| asts At bodwn

for expl ai nunggthenaensdelati on of volume el enent and
anplitude 30 val ue of the filter si gnals with the
reconstruction of the sonar image, figure 8 shows an
ir€al representbtéoon dimgmn fdfguhe Fraceeldidg 40ia
variant of phe:nd5dmihod, figure 9 shows an exanple of
a transfer function of 'a filter in the block diagram
of figure 3, WD 2007/095962 - 7 - PCT/ EP2006/ 001462

f ifggree10 sh}ewssam b derit iddialgreepbEsentatb O vaS die of
figure 5 withe npdified routes to. be traveled by the
water craft. 5 In the method, described in the =text

which follows, for generating a sonar image of an
uddenvat ér s aaSOI’l:&frsp@altEkaéd By o wa;fer gr afit AL

i's used \/\hl@j}ng}pssl ou ransmtter 2) and
a sound recejver anl%als Th? %%’un&u é‘ et Pt
conpri ses a qlr%rﬁlte“}?@ §e in an underwater a’"ea, shown

diagrammatically,

2 . Lo . - . '

figure 5 shows a top view of an instantaneous state in
the data acgquisition in the analysis region
in figure 4, shown diagrammatically,

tigure 6 shows an enlarged perspective view of section
VI in fig. 5,

figure 7 shows an illustration for explaining the
correlation of volume element and amplitude
value of the filter signals with the
reconstruction of the sonar image,

figure 8 shows an identical representation as in
figure 7 according to a variant of the
method,.

figure 9 shows an example of a transfer function of a
filter in the block diagram of figure 3,
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10 generator 14 and a transmtting antenna 15 which has
a multiplicity of electroacoustic transducers. 16
arranged on an antenna carrier. The electrical
transmt pulses generated by the transmt pul se

gener abot/ddsad radiated _by the transmt ant enna
15 as preferably 15 wi debandysound pul s&s ’ﬁ-’%qﬁ/gﬁgm@

segt A7t solid angle of which is at |east as
a%ggﬁgs 0 {heoéel vity sECtorers, spanfeaFatioe as  in
under wat er alrigmirg0 5 a«tlttmencrdetfeew nguesd, tW bB theveleq

hori zont al S @ggLe 45’ (fig. 5) and the verti cal
sect or angl ggﬁps (fig. C %to The solid angle of the

transmt sector 17 exposed to sound fromthe
It r amshie tmertgic?ht elesaribetisipreterably wyeegnecfgegcg,g beor
Gekr 4 t ecei vin ect o 18

sg%n T t{n]gilqjver%'imgg g&gg%ngg Bt ot ccflwgg‘leémdllﬁah @u?%ﬂgl
has® Eéfé%% Dot i erakeel Viiy wrremwiaid9 ds @ sound
mut ta pdniigitteyr af2 hymligaphonesn20; Wb &ty afec@ié% ﬁ (g
omsan 3 enNa CALLLEr. . 1O aﬁglceve vertical OCUSi f
the receiving antenna 16 FH LS8t PngT0SELL DUlse
Vet operit gne @nng@neplquxm@hampaamsf i B5 wiech has a

vertlitcall igeet,obrangker P& (Y ector
hygr ophones_ yrg)al ocated un eursﬁelg:th %ﬁé&gggtﬁ £ arraﬁng
vertical [y are conbf hed t 0°F of P at S5l F%%P%‘!JéveQUEa@]

ofget”@éaﬁvér oplioneke 20t sdroamni ti n plailgur egd3nksatdbls B padts
35 m‘la&eat aye. £l |tfa'r¢5fn%9,h¢% S ﬁ%&&e% al]] ySt%’@?ﬁ%ably

eLl | veI er ated sinul taneous
eI ectirrcal Lf“cht pg nAl $Mof 2t & 2Ry B bphorrs 201 7gr dupe
sis§Aars aﬁel¢ ectl vediikchomidi fder artzsdi r aet i 088q0f 45 4
r eeepik@AgWsbhe b egchy M recep
2007/,095962 - b- o EII%Q%F%4 sensﬁ"iai%‘?l yieR 10
f &M 15 &r ﬁﬁﬁﬁgrm%y?ngi gharh pF%%e%%lrwmatlh@%Itmaldrede
diteedfion Horenagtoe sercatdedsdeam Sy ng. Tﬁg

vin nt enna

maxk eC n the.. rece
19 | glgglslg eeag%glll%d Otgf(f]r]JE’]J’dél ré%%"?{%% EOAtT et f S’F’P%%?n fo
TR8“BRarh™C8r nitfy %ara:%mrqteldlgomnnema beansf e r2b 190

dbeeetten- foreriaodutiandt8af ar ofne adi acent!y secror
| pgat ed beams or directional patterns. In the,
which follows, the termbeamw |l only be used |n

correspondence with nornmal technical usage.
The sound receiver 13 shown in a block diagram in

figure 3 has an electroacoustic receiving antenna 19 of
a multiplicity of hydrophones 20 which are -also
arranged on an antenna carrier. To achieve vertical
focusing of the receiving antenna 19, i.e. for eetfing
a vertical aperture angle ¢z which specifies the
vertical sector angle ¢z of the receiving sector 18,
hydrophones 20 located underneath orie’ another
vertically are combined to form a so-called stave. Each
of the hydrophones 20 shown in figure 3 is thus a part
of a stave. All  Thydrophones 20 or all staves;
respectively, are operated simultaneocusly. From the
electrica;foutput signals of the hydrophones 20, group
signals are received from different directions of

_ o . .
reception with in each case maximum reception
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10 The beamran (fig. 3) resulting fromthe
multiplicity of horizontally adjacently |ocated beans
22 covers the receiving sector 18 of the sound
receiver 13. Each beam 22 has a horizontal aperture

5 d 15 _vegrtical aperture _anagle cp;
?f}“ﬂ%%%?%ﬁs%ﬁz |)natnhea exerrgl ary errbo%[(}?é/ 988%&3%662

be equ the vertical sector angle tpz

of eetrevc:’é‘lfvﬁq 3 8118}5{8 marieg by | sTengkneracessheg,

greu s?@mbm tdne:eqtrmhnwﬁdmahn@eaﬂs 22c~-ther out pytan

S|m1& f the Zgagygﬁﬂph%% g]? or staves are . . _
Ilfled sanpl ed rate .ﬂ'ﬂ’%nd

pr SR Y U R nleonipt ealﬁ‘anr?@r leﬁheuhmddwdgaiona?

sarpltes nbeimgo el .aygd: ibddn tf&mlﬁﬁf rHeCtedd Mg &ﬁdhln (2
iiat, Reas o1l Ol ABSAISLMOUP o AN LA O
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received signals in the text which 30 follows. In an
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(i spuncg e gpnel utE vl s o Bo el
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sw gnals. Eaa,h of the complex group signals is mixed in
complex manner into the base band and low-pass
filtered. Followirig this, the absolute wvalue of the
low-pass output signal is formed in block 23. The time
variations of the absolute value coming from block 23
will be called received signals in the text which
follows. In an alternative embodiment of the method,
however, forming the square of the absolute value can
also be carried out instead of forming the absolute
value. The complex group signals themselves, or their
real component, can also be used as received signals
for the further proc¢essing described in the text which
follows, that is to say by bypassing the base band
mixing described above .and the forming of the absolute

value or the square of the absolute value.
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components. For this purpose, the filter 25 has which
10 pass -like transfer function with a rising,
preferably linear variation with frequency. An exanple
of this "high-pass-like" filter 25 is -he so-called

ra 2601 tegs0don the case of gthe di gltag, . I0 001462
prgges& ng described, a linear systemis )uE%Z) fg
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0 lhe filter signal. 30 To generat %
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water craft 11 carryi
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are pro uced whan allow the sonar image to be
reconstructed. Further low-pass filtering with a
transfer function corresponding to a Si function or a
window function, for example with a cosine or Hamming,
Hanning or Chebyshev window leads to an improvement ‘in

the signal/noise ratio of the filter signal.

To generate a sonar image of an underwater area 10 as
can. be seen, for example, in figures 4 and 5
diagrammatically in a perspective and top view, a
three~dimensional analysis space is defined from a
multiplicity of cuboid-shaped volume elements 26§ placed
next to one another and above one another; which abut
one another with their front and side faces, in the
underwater area 10. The water craft 11 carrying the

sonar successively travels parallel routes 28 which are



di stances of the routes 28 from one another are

preferably equal. An appropriate nunber L of routes 28
is obtained fromthe rough estinmate 10 L > tanr f 2 i
where c is the velocity of sound in water, and t is the

»0f the sound .pul ses (CW, ul es) radi at ed
p%%%mﬂ{érs%nsm tting antenma™15. The HErAIBFPE64patE62

is_limt y.the horizontal coordinates y- and (fig.
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y,dimensiandiz't bramdaiﬁayya{@ﬁpﬁmjiveEYanc\i‘hégQ traveled

h V. ot. 0 i.n. greater, detail . The
08%% e'sﬁ'aascee Vo a%h %el errgcllﬁes Vo84 RCERgn ang]l@s‘i’%f%kﬁje
éiﬂ@ttaﬁé%anéfba?,éezsr@m@s:mﬁe& drea wohheh &Sother are

preefeseablbyysayase. andagorygildcalaglant As . Jhe cdge
| engt, §a1qega§e and cover ~area are nensi one
dependence-on tHE Uit ¥F oF STABRF®UmM possi bl e radia
resolution. In the case where CWpul ses are enitted,
the ed tﬁﬂg}hSQare preferably 30 di nensioned to be
equal gb‘og ﬁ E;r than cr/2. An edge |ength of
greater thag c=2/2 is possible if the nethod stil
described in the text which follows in conjunction
with fig. 7 is used for. the reproduction. In the

emeapbatylemaaal FENLS: HeSEE | Q@@q@eﬂ? e %qlgﬁ ™35 the
gggg agrggl ect eﬂ to beoue ual -to ct(/% 1u d
Tgmsnsn oni ng of The Verid®d PHEFGRL (A7 BtlygRe vsidims

| eP§nréﬁ?s LZ@fhsgll@bttagnedténom fihe frakl avmmgseguapa@@ W@

20071 085962 thellhf@o%%%@%g%“@%eﬁ,f% Gd) s,%cgt_ea

YO TS L L 0 s ST
t ket exarigrincialf odiensnééi gof 3)chaWhenotihe edUt @3 28he
argalyavel edaby thenater 95@1@!—}51%'8 tf]ocan.ed above one
another. In the y direction and the gz directién, the
analysis space is specified by the -coordinates Viine Ymax
and zZmn and Zpax, r‘espectiVLely, which, however, is not
shown in greater detail. The cuboid-shaped volume
elements 26 in the analysis space have the same base
and cover area which is preferably square, .and a
vertical height A;. The edge lengths of base and cover
area are dimensioned in dependence ©on the desired ox
maximum possible radial resolution. In the case where
CW pulses are emitted, the edge lengths are preferably
dimensioned to be egual to or smaller than c+1/2. An
edge length of greater than c»1/2 is possible 1if the
method still described in the text which follows in
conjunction with fig. 7 is used for the reproduction.
In the exemplary embodiments described here, the edge
length is selected to be equal to c¢:71/2. Rough
dimensioning of the vertical height A. of the volume

elements 26 is obtained from the following equation
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receiving antenna 19 is oriented in such a manner that
its receiving sector 18 points to starboard in the 10
exenpl ary enbodinent. In this context; the angle

enclosed by the centeraxis 181 or bisecting angle line

sector 18 with the |ongitudinal axis
%hgoé§f§%§/ ft 11 is sel’eeted to bePUL/FRRANGF 001462
exenplary enbodi ment. However, it can, also deviate
from 15 900. Wen routes 28 are traveled t he receiving
sect or 186mxthumhe mul tiplicity of beams 22 spanned

therein™ scans the analysis region in a wdth of
X,-,."- - xVl:h (flg, 1 and 5), wherein each vol une

elenent 26 of the analysis space is scanned once by

t heo f ronih sideurdges 2ndB2, Jg) the 9{%@5&%0'1 aLticragvelé
e rec |V|n sector 18 and once rear 8ide’
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scat ba derwater area 10, which are
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ald g&?@& by the conteveasid81Tve giseptsngnatglare ne

gm%e@ggrmmwlsque&tsa ngltHTE@E@ %Bnc%bﬁcm?ﬁﬁerax s
esCr a. time grete Tilter signa
(fi ﬂv W%VWZ Fzggﬁa abfe Fr&ﬁfé eéEhlﬁeaﬁQZZlasthb
dé bady ?ﬂ%WRP?|IHQﬂeW§mgnatscaﬁ adbd deams2Xrom
t 9@ “somaeni MBgeckS2pr agEesshvel ¥y, r@ﬁ%“g%&éﬁ‘ltt tsec'Poz_
syri )i n sur oi n So tha
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ECPE?/*h®2®@%¥n@¥ﬂ62919paee Bnwi Hehuntlexpat-ers,ar aagi40
IS obtai ned, aMh@“@lﬁndea@E akhx&%yt%§e%§n%rQX§le%'b%h

g nger craft 11. For this purposé, spherfcald
curve cuboP%%eSbS(Fcﬁn@edG?ncﬁAFH the é@ﬂﬁlswﬂathdce

ctP2; vii clihar edadyecient bd oneafelgnoblierchd thechadig!
dkeged OMg WLt e ted by a m 22 W th
Dgnbil Dotk and%gh}m%ﬁgat%% %e???ca?” the

tge hOfJZOﬂt? ertu e
hefear e angfe (Sve of %fhethe receiving sector 18 from
each route 28. At successive, pre:erably equidistant

measuring points 29 along the routes 28 (fig. 5), the
transmitting antenna 15 in each case emits a sound
pulse with the pulse duration t. The»receiving.antenna
19 receives the echo signals scattered back from the
underwater area 10, which are output by the beam
former 21 as complex group signals allocated to the
beams 22.

The group signals are processed by signal proceSSlng
neans in the manner described above so thHat a time-
discrete filter signal (fig. 7 and 8) is available from
each beam 22 as described. With the filter signals of
all ©beams 22, the sonar image is progressively
reconstructed from measuring point 29 to measuring

point 29 so that a complete sonar image of the analysis
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anal ysi s space, called analysis space area in the text
which follows, are defined at each neasuring point 29,
10 whi ch extend over the cross section of t he beam 22
up to the area boundaries of ths aﬂfl¥5|s spgcesaggi

up to the upper [ irig e
éggéa%%§7}6b§§R?I gmer I|n1t|pi “edges 2ZET/EFROGE/PRBAE2
beam 22. . 15 The nmean curvature radii of the cuboids 30
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o- i St 191 BRS sP@Hﬁ%ﬂF betgrigingdasst HE L m22y alne
nﬁoarwe(ﬂwlv}ff 1 tesieny istglky, 2bS, a§§4 ared Heo eagho of
the cuboids 30. In the exanple of fig. 7, the anplitude
ﬁ ue a(n) is assigned to the front cub0|d 30 due to 35

&% | FEVal GETNTLREE t hedbhpl 9% udehaal abe(Es+1)30 S are
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the ‘receiving antenna 19. This is illustrated in fig.
7. For exampie, a front cuboid 30 is defined for a
discrete time value n-T of the discrete filter signal
and a rear cuboid 30 of the same radial width, which
rests. dgainst the front cuboid 30, is defined for a
discrete time wvalue (n+1)T of the filter signal. As is
illustrated in figure 7, the amplitude wvalue of the
time-discrete filter signal belonging to the time walue
n-T and (n+l1)T; respectively, 1is assigned to each of
the cuboids 30. In the example of fig. 7, the amplitude
value a(n) is assigned to the front cuboid 30 due to
the time value 1n+T and the amplitude wvalue a(n+l) is
aSSlgned to the rear cuboid 30 due to the time value
(n+1)T Bach cuboid 30 covers a number of  volume
elements 26 wholly or partially. Tor all volume

elements 26 which are wholly or partially located
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value a(n+l) is witten into the storage locations in
the nenory 27 which are assigned to the volume el ements
26 lying wholly or partially in the rear cuboid 30, 10
wherein, in each storage |ocation, the anplltu?ﬁ val ue
I s@dsls, nory val ue Iready present .in IS
stg?a§e67cg%§%%gﬁ whi ch orlgﬁﬁates fronw%ﬁ?ﬁﬁpzﬁééﬁEOQQSZ
om surenments carried out at previous neasurin
p0| h‘gsﬁn%@rm%’fﬁts CERPifedlouthd ormmil itudadivallby 45n) is
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Tiee priogeseagfuremconst cactian oft the §9@@io¢§ﬁﬁg%quln

d d»>bs ¢ e ut ..for _eac eag122 | ock 3
%%?EggglEEU|tﬁgééadlinéﬁ?géggoralng th @#PS Lathérldivn
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sensitivit carrie
mul tiplying the anplltude value by a melghtlng factor
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R A T L e N AL St R
|PP&§trh@eda|rW§ﬁer Stakﬁog 5HHSSImesmﬁéﬂﬁﬁlthd@helr
vpbseslcﬁrt ommﬁntltﬂls dﬂu%%ﬁst%o f'iiﬁé@%%ﬁ?é&%éo th%’he
'Qﬁ% 'g%i g% ﬁ%% %ngﬁgiémgﬁ%n@e re they are wrltuen
into the memory 27. In this process, the weighting is
done in two ways. On the one hand, the percentage by
volume of each volume element 26 which is covered by
the cuboid 30, and on the other hand the receiving
sensitivity of the beam 22 which decreases from the
center of the beam 22 toward the upper and lower beam
edges 221-224 (fig. 6) are taken into consideration.
The process of reconstruction of the sonar image
described is carried out for each beam 22 in block 31
in the circuit arrangement according to flg 3, wherein
the volume weighting is carried out in subblack 311 by
multiplying the amplitude value with a volume weighting
factor and the weighting of receiving sensitivity is
carried out in subblock 312 by multiplying the
amplitude value by a weighting factor derived from the
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fromthe centering point of the receiving sector 18 is
determ ned for each volume el ement 26 which lies within
10 the area covered by the beam 22, that is to say

vvithin the area of the analysis space delimted by the

5t p, (p; of the beam 22, and a tine val ue
to |sy(§:§7&}% with the veldocity of SRRINVERZOLEIROLAEZ

di stance- Fromthe tinme-discrete filter signal, an 15
asSOCT R B anptFitide tyalafe B(D)bému t 2keni thsr egppectire
t oadneed igye gual ue to. In thee exan'_pl e shovvn_ infig. 8,
the time value to is between the discrete tine val ues
nT_and (n+i)T. In this case, the anplitude val ue a(0)
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efh it t % a( nd n-
b%iﬁit udledg\?alaﬁglgg%@%o t%lglliﬁg tgg);faﬁlt ertgt%l atit %‘ﬁ Héscr‘ite
assi gned T o7t e Pu T Sirgnpd i amedhe sv al Gle

a(de id akeinglet ed rcheacemt@lﬁra:@l Vi it h;n:ohefoggﬁﬂ Lpglg?gé&gt tb%@
+b am. i s

\églm ﬁeﬁ{?ér?tef%gg olptowﬁl c% ﬁgsrleﬁ?bmcrb%s? St ildh s

lﬂéiﬁ%ﬂ} FQIﬁ@rséﬁghtVQ4¥Wﬁ(ﬁlqmﬁ@bb@énW220h11i®E within

| ddat |maofcovtehredv0yurﬁfﬁeegggmb2ﬁ6th;{@: §SCI<’:1§OGC§£ ‘ﬁpupq;
[ I men i.ch are

Iq;glegr eaare\éIo B?ﬁeﬁégal y}él &/ ¥PacELFEE nfEed™byed héQY the

apertécangréss(p; 90 @"tmﬁ Idren bzam 221 alhei feurddiare

prrecess cpeceedsd i withecnhs ape: JBNNLer,2s fescri bed, that

witing the  weighted anplitu valuesnnto
I%étsggégé atﬁédést Ji'5ge © I“&%H?%% n(f*édéanS%Wﬁrtoan

t R SﬁéﬁrﬁF?dvémaésta@fﬁ eudyue préfentis THepr enegUisddRcr
fmb tdhieS vAadd aﬂildéf thhe 135 vRt hod g}lé 5atnt be %dt%e

t "base and ¢over areas o

ﬂg:ng e]c the“t g ra | tt?f’@ﬁ& dhsd qléoéétéql}’rametdadmms
sﬁal l2@d t{vend )fThe Imadqfais qeesg| utheorsmpMiiceBei $alue a(0)
i Ebustarat e@lrheﬂ ffégtlt‘é' et§ Q)é Qieft %én%)g x%@sr@ar Sqund%%y

and is ct/2 in the exenpla
P@?ﬁ 5}5014%? L1ERB8 i Tehtes A@(@dgeam@ngﬂmﬁf .t h&he
-vaLHEU@dz ementis 2@ (OWhi ebthsngheaper 15@&}%&%0?2 ﬁgt
u

{ besy@idanio ofnd hﬁomq;%t hed,aceording 1o fliguie / Ls, no

perm Ssi b The reconstruc i on
ﬁ{ 815t Lal ‘Vel?%ﬁ%?s%r%nng?lq%rfﬁﬁéwgwaﬂmn@et hesidutesoc28tha

eachutaselément 26 in the beam 22, -and is multiplied by
a weighting factor which takes into consideration the
receiving sensitivity of the beam 22 at the location of
the volume element 26. This is carried out for all
volume elements 26 which are located within the aresa of
the analysis space -delimited by the aperture angles ¢,
¢y, of the beam 22. The further process proceeds in the
same manner as described, that is to say writing the
weighted amplitude values into the associated storage
locations and adding them to. the memory values already
present. The prerequisité for this variant of the
method is that the edge length of the quadratic base
and cover areas of the. wvolume elements 26 is
dimensioned to be equal to or smaller than the radial
resolution, which is illustrated in figure 8 by a front

and a rear boundary line and is c-1/2 in the exemplary
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all beanms 22 with uninterrupted, preferably continuous
travel of the water craft 11; the neasuring points 29
having a di stance A,, fromone another (fig. 5). The 10
maxi mum di stance Ay whi ch shoul d not be exceeded for

COf;Kn€ , qui sition is quendent on the nunber of
beg%35§%§%é§% cover the recei ving sectWFT/BP206/084 468

hly estimated in accordance with tan fa 15 A 45 r ?

¢ Spoodimre 2 A °Ap8 lepgthKpi~Xhenrerluhe | sléthents 26
nuwhech of.sbgarata? @ﬂmﬁrkﬂ@/@hﬁs &%g%%ﬁ;%%ﬁ%ﬁgpg%%SgFe
Wi ; I al. sector e a 20 AL T »
th%g?%ﬂ?égﬂ%g%gggvgeglgﬁn?ﬁggﬁbpg& Braft=s¥3a6s- t he
menory content of the nenory 27 is normalized in block
32rhdheeronsBlizt Dgn | SicGaRLed ouf 'c2r§388 azixht”aggerall
trEg_ hlof t.he ry val ues coqtalge._ln e 2t '
st or age Ié%gF%8ﬁ§nggD?¥%nﬁe Y DEESs 28i dndedchbycepe in
suitbf P¢aes siiav Esh ofinthiee meirghtd, ngrédetapsy Behudedo ks
t herdaspast | Mies MeIDEy Yalde. (1N { 4 el s 2
weighting factor is the product of receiving =
sensitivi ty WEFGREE ngvf 48y YoP U wefght i B9 -30The
f aetromumn diwetarare amf Mi,dmesmmitpdﬂ&@S%%} t&%é‘éd‘eﬁ) for
a reGel Yag sensitiylty weightin ctor al
TRt LR M SRER e ek X ot
ngHRIS Zéd "RBADr §OEBRt Bt Teradeposi sedton B8 simt agen be
negingnl §3ecendryd 3G iatddr@and} Whigh thus contains the
35 conpl ete sonar image which can be visually displayed
on a display; by means of conputer graphics technol ogy.
WO 2007/095&@@:- 16 - PCT/ P2005/001462 Figure 1D

i uticall SWs_an upper route 28 on which the
under wat ergardeal 3Q:if €'\ vi ened from aspect angle
intervalst% 246 f%y{ahlles i p which point toward 5
anot her perpendicul arly. Each of the routes 28 for the
water craft 11, which are above one another, is

where K 1s the number of beams 22 covering the

receiving sector 18 with the horizontal sector angle

v'(PB. R

At the end of the routes 28 traveled by the water craft
10, the memory c¢ontent of the memory 27 ‘is normalized
in block 32. The normalizing is carried out in such a
manner that each of the memory values contained in the
storage locations of the memory 27 is divided by the
sum of the squares of the weighting factors included in
the respective memory value. In this context, ‘the
welghting factor is the product of receiving
sensitivity weighting factor and volume weighting
factor in the wvariant of the method described first,
and the receiving sensitivity weighting factor ‘alone in
the variant of the method described second. The
,normalized,;memory content 1is deposited in a storage
medium 33 (memory 33 in fig. 3) which thus contains the
complete sonar image which can be visually displayed on

a display by means of computer graphics technology.
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subdi vided into two route sections 281 and 282 which
are oriented at right angles to one another. Each route
section 281, 282 is dinmensioned to be | arge enough so
].0 that each volume el ement 26 in the analysis space

| swosgannesh&ded east once by, the two | a%g%?ﬁ%d?rgt/}?ég%&

edges 182, 183 of the rece|V|ng sector
sector angle cpmfromeach route section 281, 282. As

described wth respect co fig. 5, the receiving sector
187 ¢@Rra 51 Agdi ATbemmovisrald bystaowall dr phisa yr@j tbe@@sc n

22whincor dee uheeehtakn g distignce, Ay en .t
%gjr'l ngmpm nts 29  whi chal ! ov\gS a g%fi%l Ci eﬁfﬂ} RFGRCT
travelT nt speed of°% s SRt et Elesf tPs1 1! l¢hepamaty5psan

spaeetier thernardeicwately. areah 105t ehbersurveyesd kS: +
scaaned QnGe nltqhe 20.dire on .al ong the route .
section 281 and once |9rl1 %heg%/é FHEE i Sh<al GHG ERE:  is
r oWt RSOt e, Bl Fﬁuéacﬁe@§$@n3| R8ttherzl digZ2cthdah

Wi ¢ fe eacienafedt he mghesﬁ@léf avel ad a%t%raf Ed@i?oil&xte
ongs S t_the ana
e%rm%g{nggaér egz8t al Q %ﬁ}fctocs *d! ‘a‘fqe{ h%”%hen%lo

un
of “hife F3h egolztsne Tﬁémrewédaﬁemv dfhet henalguties sa&ce ls

dmndeeldamsmﬁsad&fﬁaéaﬁ;@ espesi@lilp 451t he DD{II, 1
selcst»pr gchcz%cof 1he receivin ant enna 19 0 % %
smal I’ UeS: 6§ 1T°dud% R ype ghth thb sector

coﬁmlﬁu@m 6ﬁ0mlﬂmcfgemﬁa&t ivepttioe g6nar 28p00RS @fs30ibed
extiemdetk 4pdar wad ek gl eas, Hu oy as . shown
infig. .5 an‘oil,e or. flla% 0 g?e ggg%édldit ES? 13
Extendi ng HET HoY QuErinddcia Yb@énpﬁafﬁs 032 allmmtt@rl
oftob@é’ﬁfél@aﬂ dit sbahee operedwpenpendi muhguririb tﬁtﬁlr?t% 59
t v ehi agw\bgng, thetc ve

=SPBLGI 5.0, SAUELRLLY. R

\Y I‘LI cal rture an l'es
rrglnner 5?% h]gl ‘suntof PR Y%Je?tFEaFeaEérttuﬁee @ty res ey

oBrehe b@eam;) | beeqeatvdio=d hasvestigdd segkar anglg Nz
oHit-herf&ce c I ocessi ng
V\ﬁlZOO%/ 095%%62@ q5 %%EF'/ ESEE?B F R ~|ﬂeﬁ§iensf
changed a3l e tf Hatle projtden @88 aofl timeeach case
t hneéhdi prensicenalomnal 15 sa@pase. tid 451l Ygt hreravﬁled

Sonesh e BSOS A BER UL B0 g e
aﬁ@r £he eVARgT R tgy arampzl &petidiml dtrelli gove retsktbehe
end of the routes 28. The embodiment of the routes 28
described is of advantage especially if the horizontal
sector angle ¢z of the receiving antenna 19 only has
small  wvalues, e.g. 10°, due to the type of
construction. For generating ‘the sonar images of
extended underwater areas, a number of routes as shown

in fig. 5 and 6 or fig. 10 are cascaded together.

Extending the method described, a beam fan of a number
of beams can also be opened perpendicular to the
traveling plane, that is to say vertically, their
vertical aperture angles ¢, being specified in such a
manner that the sum of the vertical aperture angles ¢,
of the beams is equal to the vertical sector angle Py

of the receiving sector 18. The signal processing per
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i = [ f beans
replaced by gi = pz/N, where Nis the nunber o
abgve one gnother in the vertical direction. The net hod
descri bed can also be nodified to the_extent 10 t hat,
i nstead of a beamfan, only one beamis generated, the

howozpoba)oepesd ur e angle p pf which isy.g Eﬂﬁgoo ' Qisz
hori zontal sector angle cps. In tins caSse, gb

th@cghsbén%%mAlﬁg hmgngﬁgggrggg QOIEga i%?ﬁngiggggtlcﬂs

eery i'ch”T's 83s6cFa
reaucFVOn“%ﬁe?Tﬂ%Wﬁﬁﬁ#ﬁﬂﬁﬁpQQQlkﬁ%Stagnaﬂ| ng speediof the
t hepinat Bratrafito ik WHare, atr%o’dem%agféctorgihﬂr#‘ﬁ?ﬁﬁah“
the recejving
?glg‘{é%‘?‘ﬁgﬁggitgﬁﬁ%fggcab nRUESas Thrie 582F sthe| saediogl
t BPFHSHE | aiPdn @ondi t bonspatifhel waherfigr.at §. me@tl Nha

thon e 0 SCfLil be
oty 1 S bt 18 o a e e onancl ohEIE pf (PEFE
or vmt%ﬁ%k a?@&é?5lﬁ Gt etfitds con ?héegibWboard and
port side of the mater craft 11. In the latter case, 25

r s | sl can ed o bothL &
“mié&“‘i%“‘*{%‘;‘d%??é’%‘%?%n&%# 1208 A e R IR0 e OBy e

| adt\%an‘t age 17-%Efle Wat e cPgPR 1fapr av@h%Ya gEandsram  is

sfepetateds e thNathordkbyral t apértm&ets,lablgqet | djoi? R?ﬁ‘;t%so”
| .Qf the, output. signa
“éofha‘lﬂ%a'ﬂéﬂ*aénd*?%z%% Por ERar mBtRbG B (e B Sae.
6%9Féce%W%d éP@ﬁ%?% ATh@InEthdmdescr1h@dpabnve can

amgatbd%nndefyedut@ %hall@%g@ﬁic§hﬂg aF@?Eegse%fw§th 5
t instrunent i

MQEE?ngéﬁlééﬂ lch&¥%5%% sPgs @é?{?cﬁFaVoﬁ%%g PREER| 9L

c§§€ “hé&rs sretiretRod BRoel dtbe, bevéormediivé thod zontal

r epeirviing &9@ﬂ@r<mpt@£e@heyI%Qe§9§n307%%%gégg% of y she

ot at ed
E%EF’/E %ggggg/ Q% é.(lﬁ%az AT L’Xig% aésw%aé 9% ap B50 AN 1gwrdGhbm
b ‘feBl BREAL L FATENFoOKALNBnsSatl #hateizhed Berrgener ati ng
a sonar inmage of an underwater area (10) by using a

separy C%ﬁ%%ﬁ%&‘ %arlaglon. of the method described, the
recelv1ng sector 18 can also be opened on the port side
or with two receiving antennas on the starboard and
port side of the water craft 11. In the latter case;
underwater areas are simultaneously scanned on both
sides of the direction of travel. It may also be of
advantage if the water craft 11 travels a meander-
shaped route. Naturally, it is possible to dispense
with the digitization of the output signals of the
hydrophones and to perform the method on the basis of
analog received signals.

The method described above can also be modified to the
extent that, instead of a water craft 11, a diving
instrument. 135 used as sonar carrier which travels a
vertical route. In this case, the same method would be
performed with a receiving sector rotated by 90° and a
bsam fan correspondingly rotated by 90°,
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water craft (11) which has a transmtting antenna (15)
for radiating sound pul ses and a receiving antenna 10
(19), spanning a receiving sector (18) with a

hori zontal and vertical sector angle ((p(" (p-) for

reog@iz\@'da,g@%gg waves scatt el_rBed back f“?%&/ﬁggpggw%@

under wat er “area (10), which’is covered
di recti onal pattern with_pre determ nable horizontal
and 15 vétti caf Zper futeEahgl &5 Q&I Ep, ) TP vihi ch the
foll owi ng nethod steps ar@reaenied out: in the
underwater area (10), a three-di nensional analysis
space of a nultiplicitx of volume elenents (26)
| ocated adjacently to BREERhJHHEMS 20 and above one
anot her is defined, each volune elenment (26) is
alyl ocat,ed or I iLon_in a storage.nmedi um (27)
tﬁé MﬂférmgFg,? ?%) ﬁ#%%&F%én9e€%iJ?ﬁﬁ“ée&?%?e (Ag) 41
pOIRELHGTES A DbohtY) aly/ orspur t ai someved-aR5 covebyaa
phisrald tra@t stinai ghtichi Raspar akbebnl Oues {28 Mhigh )
a&%rabgggigggﬁanqthervat.f vertlgal di stance, a soun
pul’se 16 T each>CH88 eMf1iTl aPY sticd&ssiyeny antenna
priéfer ablgpagguingi stant reeasuriqg s&qoi Nt 58 29)iahong
theriouhes: (28)q ardidekectse a ived signal i
th dLrectionaIrPatternj af%g?@%%cﬁEgggttg Tngg?%bnﬁ%ﬁ%
URGEFRELEF arBA Y 10Y2 %R0 efRelafeadw (rck  from  the
hivgHepasseti keedi (1@r, $253h ahdl Gorercat rgach NMRASYH! icHE
paiipbc£ 28 anplj tude v LS. ined, fromth
er s'%%é?ﬁ%onfﬁg\#gghﬁﬁ%ﬁgtfkﬁ%gggﬁégygg‘6Pt§gkﬁn§f
t fETvofane E8PERENTS  @2BY}SFocdfed Wirthi nikhewhieh ofhe
t ielanal ygimedpat estegel bkt edrbyed heyc:aperture angl e
(Cp, (pn) w9k thee 7/.09596 . PCT/ EP2005/ 001462
Pn |% LH}%LMQa%%Q agc%g 0610& a éhltef% C?Jélfenstlﬁé‘al

di rectional pattern by ne Ke "posi n

vol ume®ddereht (283§ n Phe analmpditipspatey apéa, voheme
anpl i tetemaed e (2e) ghtcedtied acCRi@ante W tonthenorhar
oot 4148 S P 5! IR RLETERL (AR 1 © theanal i

- each wvolume: element (26) 1s allocated a storage
location in a storage medium (27),

~ the water craft (11) with the receiving sector
(18) pointing to starboard and/or port is moved
over a plurality of straight-line parallel routes
(28) which are above one another at a vertical
distance,

- a sound pulse 1is in each case emitted at
successive, preferably eguidistant measuring
points (29) along the routes (28) ; and detected as
a received wsignal wvia the directional pattern
after back scattering from the underwater area
(10) and evaluated with a high-pass-like filter
(25) and

- at each measuring point (29), an amplitude value
is determined from the filter signal coming from
the filter (25), for each of the volume elements
(26) located within the area of the analysis space

delimited by the aperture angle (¢, @¢,) of the
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storage |l ocation allocated to the volune element (26)
and at the sane tine added to a nenory value already
present in the storage |location. 10 2. The nethod as
clainmed in cl aim in which, for determning the

ang, spheri cal I curved cuboids (30) with
a pée%g(?’grdr/t%a e radial wi dt‘l? “the medifFFR2R06/801462
radi i whi ch ar e specified by tinme values taken from

the fi I GeiioRalL, Refit@rarky 1Beams t OBl e pystthien of

vel oci tgheof veaund, elghathi chzar e iradigeent, 4iQ,9ne . space

anot her. t ra ect n and, extend up to t
ar ea Ildrﬁe%\s htg}e gllvq? © aiat giard sb%(:écé?é%ance

and thé"%ﬁplﬂ%d@oﬁaﬂ@ o@ft hée fidlugr silgnaitbefamgi g
to eachHd WanﬁﬂbgﬁstaﬁﬁﬂxiSa%@aas§h@n%g"t% gach yglugﬁa
el enment, %6)8 |ch d’g‘r , partlaJl “Focat'ed

Wi thi n TR “EGboi 5@6’}" é’rcﬁttﬁgd Yy Jtenev‘thﬁe valeeent
3. The (@t heddastcltaismednientihai audeort@, ai Nembi e hya 25
the cubairdsd(3Bre8&£: CAN Sﬁkygtgga?%th, radial wdth
corresponding to the desired, pre er’a% X mum
resolution and the volunme el enents (26) are constructed

10 wiz-h a Thguaree Hoals ez anell cioney :a{eala\dfmcm | Aneagh gasesqy

hajee n n e_area the esired,
30 rf?‘grﬁébﬁ ggrrkt%z hﬁ%ﬁg\gﬁl%&l rgesoFUt i “ON “l&ﬁé 't fFupved

OLEE Heifght (TR )2 B edufe memnedd casastiailmed.dith , ¢l tiam

2n@ran3 ciuyvathireh raduet V\B_If%hjhlﬂa;g A rd hﬁ @gpfi%qcydg ?/aglllt{gs
i s, ie i 5 sycl nner that each anplitu

valaq%%gssga@’lé to%ré)%vol ﬁms aﬁ i35 meht (6P s mibtepl i e
by a dBLERE i ghtiengreliogétar ahi shutdkesddit ehich are

censkdenat itan she wabuRBr ﬁﬂrG&magngb“a%r\éengl? nd
el.emenk (% docated inside e cuboid QSO) and/ or ab

a recel Vi SEhsitivi £y W)Jzﬁ’bl 095868 -togned in th@
PETAPIBDS/ CORLE2 amlghtmcﬁlgtﬁactanno‘m,ltluab txaiﬂ&& i & 0 the

Cdetder&hb@@ltr&éldﬁ@%%bVHﬂg §§8§'Qﬁ¥ﬂtybé? aken is

pattern at. th Iocatlon
ggg%‘i’&? B volimenEL RBE Bis (20 hi el rihsclwétoﬁnl‘l’ oirn
V\,ﬁaéhlatby lfdceettecfcm wnitrigint hereanpltictidde 3091 wetheni 8aghpy
vehyneigd epeni=. (26) within the anal ysis space area,
the di stance of

3. The method as claimed in claim 1 or 2, in which
the cuboids (30) are constructed with a radial width
corresponding to the desired, preferably maximum
resolution and the volume elements (26) are constructed
with a square base and cover area which in each case
have edge lengths located in the area of the desired,
preferably maximum radial resolution, and with 3
vertical height (A.).

4. The method as claimed in claim 2 or 3, in which
the weighting of the amplitude values 1is carried out in
such a manner that each amplitude value assigned to a
volume element (26) is multiplied by a wvolume weighting
factor which takes into consideration the volume
percentage of the volume element (26) located inside

the cuboid (30) and/or by a receiving sensitivity
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its center fromthe centering point of the receiving
sector (18) is determnes, fromthis a tine value is 10
calculated with the velocity of sound and an anplitude
val ue belonging to the time value is taken fromthe

fihd ero®igalogs th respect. t,g each ti %%@L#%ggﬁz?%ﬁsz

aSSI gned to the vol une el ement (26).
%In claim the volunme el enents

ich
‘are construct ed"%\hclrh t%}"%?quétpéoba%‘é"s%aéé\‘?ér the
are‘acelt%@ge@@é‘sl’émglthfs of Wi cfimra ieqguadl pkotedn at the

desdd2d.orprogf thab{,ya BRX1 JAHR B s(ﬁgl ler than a desired,
preferably maxi mumradial resolution, and with 20 a

vertical height (Ar)'7 . 7 The mathod as clained in
cl®i m Fher ethayl wie chlatived weh ghtlbng of tile v&imihi t ugler
V&kﬁ§§vh% %@rEhedaﬂﬂtliﬁheS&%ﬁhéifg%n%% Ogium? ?%ﬁ§e?%

n‘&t tude val ue assigned to a 25 vol une Yel
mi4%pl Ty &R ‘?eé@?@rh’ﬁbg §BASFt B¥FRy WhRgHtisigniactof

whitch takese | Atom CbéSkﬁQﬁ&Euﬁ@ phenkeed WHY receiving

sensidy of.1h on atfern at .the | qcation

SO Vol ke “o1 SEREE TR BB e Rerhld dE1ic i3

c|%%?é*&albﬁdc|waitﬁw 3her veloFRtwhpEhsouhe amed tdadmblei ighte

(@f)ah]t:& a:m@lgm@mt ety dge'e?sm@naﬂu& :%s ?Eggﬁntﬁ\gegf &he
rti.c i stance. n - e op

§Lt e |%V\§ %{foif;” t%e T Otk gc (28), e?(‘,:l?, AME35VaEug hend

maﬁlsﬁfﬁﬁﬁﬁorpz'ém a\I’OldJﬁfﬁ @ﬁ@eteot the) anal ysis space from
the routes (28) and ct/2 is the maxi mum radi al

solu n_w hcasteveomtyof sound in WD

07/ ogégﬁé“%}‘ °BcrY %g"&)b‘%‘? 014651308t et ahd thashpihse
dﬁpépméneéﬁmﬁhés s 6 qud semstradiatieditty 4 hejuare base
té&ﬁsmofvElrngréﬁt e@ﬂé‘ £d3d- 1&'1\/%1: Jﬁtmq:hasargl %'owgq IL,O

one qf of cl a| s g e received sig
i § samSrEqdni ﬁ’rﬁ 35‘?&13{ ngma}flr’“?éﬁ’herf&%/ C?F“a}ll‘F’"anéilﬁé a
tdﬁﬁldegcrgref$mwmmH@HIaLathlfté&@ILﬁﬂL(ﬁM eans iefh
agl ypeaf syst& htt he_periodic transfer function

H(eJ"T) of whi Is proportional to the anobunt of the
angul ar frequency cowthinthe limts
7. The method as claimed in claim 5 or 6, in which

the weighting of the amplitude values is carried out in
such a manner that each amplitude value assigned to a
volume element (26) is multiplied ‘by a receiving
sensitivity welghting factor which takes into
consideration  the receiving sensitivity of the
directional pattern at the location of the volume

element (26).

8. The method as claimed in claim 3 or 6, in. which

the wvertical height (As) is approximately dimensioned
c-T 2x

min

as where zp;-z; 1s the vertical distance

2 =z

4, %

between the top and the lowest of the routes (28), Xpin
is the minimum horizontal distance of the analysis
space from the routes (28) and c¢-t/2 is the maximum

radial resolution with ¢ as the velocity of sound in
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10 defined by half the negative and half the positive
angul ar sanpling frequency (-n/2T and L1r/ 2T,
respectively) and drops fromthe bottomlimt to zero
and rises fromzero to the top limt. 15 10. The met hod

I ne of clains, 1 to 4 and_ claim
& ?ddd'?%rgle*:’?esatl me val ues &re sought Pr?T/tEﬁthPFI/P%}‘lGZ

Si gnal and the mean curvature rad?i of Lhe cuboids
(353 %%0 B89l ogdt e it hIBReti¢he Ofal ks @oend pulses
ca:tmmaaieedblyytﬁeaﬁSammitlrtemcelaeeehMaoII§pund 20 11.
The nethod as clainmed in one of clainse 5 to 7 and
cI aim9, in which anplitude values belonging to the

e valhse@ethrdupat edaieedt e 9ot une cleimentls (26), ate

'ob,trmaredtrba/ ratef pad abigRai nlgh%antob.Eer éltgn% sg[g’pﬂ'%jg

T d f
ARy, B 0 T b oM GpBk it mecr i T onal
norimef i Fegrest heneans of f thelineressy28Im,t ravel per badic

t herawatrel- cfafde ibhl)n (807135 The s Rt had rg'l%gll o
arrie out

I 12 h the nornaI|2|n i's
g&glemaﬂ%ﬁhef’whg? %%%I#afoffrtaﬁéleﬁﬁ%oh wefaha%st%r&wweﬂ

i figtfHaest opngdaldcationseghsidi viathed Ibsylf hehsur‘@@ilﬂlhﬁ:
S Gl QS rOf tsIgleprghghtl @geq§§n%ct 0( I uded, in f h/e,
‘ e nmeth as iR a| i 7

respective val ue
éﬁpéjfe gllg?qr]rgm ¥8 F5°PF N LU @i cﬁec&%It@% diadp §|Ogr?aﬂ@
oI@tﬂaI medebyfdimectdmorto frbeniag aneiwsed as received
signals. WD 2007/095962 - 22 PCT/ EP2006/ 001462 15. The
thod s clajmed in one of claims 1 to 13, which the
vaPi-at FBR RREROY AR BfaimRd discing @& allgémer 1 ¢p thend

quddrdat i%G absohmi@hvahﬁeréﬁeCﬂﬂméeﬁagu@gpa§esbgﬁéh§ in
gf%rm ng_are us ed_as _rece

t
0%@ I’Iﬁq er ‘?’UR% Iﬁod as AFAIMEA VA tBRe GRIL Ilaiolfrs ti“‘
Gu?gldﬁn 3\%| R ﬂqﬁ?eaﬂel@lcaﬁadt yigh gheupisegrallges are

obeabﬂedteb& byl Ghedifse il @R PEMB AL A Wsgdgas received
signals. 17 The nethod as claimed in one of claims 1 to

16, in
11. The method as claimed in one of claims 5 to 7 and

claim 9, in which amplitude wvalues belonging to the
time walues calculated for the volume elements (26) are

obtained by interpolation in the filter signal.

12. The method as claimed in one of claims 1 to 11, in
which the memory content of the storage medium (27) is
normalized at the end of the routes (28) traveled by
the water craft (11).

13. The method as claimed in claim 12, in which the
normalizing is carried out in such a manner that each
of the memory values contained in the storage locations
is divided by the sum of the squares of the weighting
factors included in the respective memory value.

14. The method as claimed in one of claims 1 to 13, in
which complex group signals obtained by direction-

forming are used as received signals.
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whi ch the horizontal sector angle ((p3) of the
receiving sector (18) is dinensioned to be as |large as
possi bl e 15 under installation conditions and the
hori zontal and vertical aperture angle ((p, 99v) of
theodzoertoonale pattern of jbhe receiviy (19)..
IS selectéd to be equal tozthe horlzo a/%gkgggzpéigé?
sector angle (cpB, (p) of the receiving sector (18) 20
18. The method as clainmed in one of clainms 1 to 16, in
whi &h e?ﬁﬁnWQWHQ@cﬁﬁycéﬁlU@¢eUtHﬂﬂakﬂbaubem531ptacey in
nexitidio eme msrteronhwlrtﬁm&é\lsl ¥ri Bpthepmapner of,.a fan
Wi ¢ Qﬂ? er b%ﬁ |dent|§ hori zont aI aperture an 1 25
((p FETABEY | QRRTTEE V& anapePPB%@*an@¥%ﬁp
(yS%gq Ebpeﬁé@lMﬁdtheyre@z&enﬁmpn&é@tmﬁn§18ar@y oBans o
t hesdeeicrRivisAgnantenna (19), which are di mensioned in
such a manner that the sum of the horizontal aperture
angles (p) is equal to the horizontal sector angle
((ffa) 3Ibeomethedr esetVd e dact hsa( &ﬁ) cangneach:yers i cal
apgfityy e n 1 ( S u to the v rtlc sector
angl e théog£§%heerégél¢%ﬂg%secPorS%%35 gk?ﬁ%e by
wé%ﬁb& a?pcﬁaFﬁ%ﬂgl%FQnﬂ§e@faélaﬁﬂ%’Wed(ﬁlgﬁa?mn 35
which a nultiplicity of directional patterns placed

tot h rizontal ly and vertically in the
Rgﬁnergo%nﬁeaﬂga gg Preterdblye |8gn?f%ewsh%rV%6ﬁbaP1
apEichr &0 §n§Pé§ZP’(\T591 afRF{refaedbl i dent | cad ﬁ/eafdllvciaig

apertore (@agl 8s (dihehsibSe@pepedci nst he Jece] RS

s L 07%/.Q9 PCT/ EP2006/ 1462
rrglglﬁg oypi%‘e rlé‘%éﬁ{/‘u ncgonﬁﬁT%eLﬁH ERi bprapental anc%/
diVRERSFBhe PR IREh anabanelo t hat ) t e stnmeofdihetional

h@amzeahabfapﬁétﬂé&ﬁﬂgﬂge%n%ﬁ%a' %1 @)qufé dodhey o 1o
of recel vi ng Sector®s

hgg 5Qn al $8C1 E ang 1 .
g °t F& s rdfothd v%? |E%ﬁt%ﬁ%%tiﬁ%¥QﬁuﬁQﬁi%(jwws
efqa |of d-heheregerviioal sepert und)angl e (pz) of the
recei ving sector (18). 20. The nethod as clained in
c5§|n1 8 or in which 10 the horizontal sector
angr e {(PEJSt Octr?e? CEEMgfing” @t ernael(elgy ilsto 16, in
divheelsi enedufbibeiastt ange @sr41aS%inkhe p&Eein s placed
i pskal tation Londjd W¥izontally in the manner of a fan
with preierably identical horizontal aperture angles
(@) and preferably identical vertical aperture angles
{(py) 1s opened in the receiving sector (18) by means of
the receiving .antenna (19), which are dimensioned in
such a manner that the sum of the horizontal aperture
angles (¢) is equal to the horizontal sector angle (@g)
of the receiving sector (18) and each vertical aperture
angle (¢y) is equal to the vertical sector angle (pz) of
the receiving sector (18).

19. The method as claimed in one of claims 1 to 16, in
which a multiplicity of directional patterns placed
next to one another horizontally and vertically in the
manner of a fan, with preferably identical horizontal
aperture angles (¢) and preferably identical wvertical

aperture angles (g¢y), is opened in the receiving sector
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21, The nmethod as clainmed in one of clains 16 to 20,
15 in which each of the parallel routes (2B) to be
travel ed by the water craft (11) is dinensioned to be
at least so large that each volune elenment (26) in the

angd Y& o7 QR&eg2l S scanned _at 5l east once, 23 La 59&
I P?}?t‘fdn% edge (2182) of the fzecei Vi Pg lseccg?grEl?%jsgoég
22,.Jdhe et hod as. cl.ai ned i.n.one of clains to 20, in
whi € eRCH BTt FE paral 161 é0PednEsB | $L4Ubdivi dodre
i ritionaneg onedt elsectians a( 284nn@82)chwhi chhar eswr | elﬁ}i ethe
atuditi tangl ep.dr@uere angtber i thehordzantal, plane,
Zqz_ alnj.gﬁgmc rgﬁ)t@ gecti on%i(281, (%ég) hiss (ﬁ(ﬁgn& onedij%g
be orslozqngtage Tt Teatho Vol bR ePENERE (DBJeFH-Nchesector
anel8jsiamnd spazesits s€anhed vattheast apageuby khelésonb,)
| aterghual i Wbt ing edges; {182) éPt{..Pee Qhé;fg,t L 'né"fo;f the
travel,"and the rear lateral Pim ing edge (183) in e
diTEE iR % Fe8B°F r &8 - of the receiving sector (18)
fromeach route section (281, 282). 23. The hm=:t hod as
clsgy medin_qQn f _¢l al «to 22, in i C e center
aleeys_ (%8%) m5?g?ﬁea%e§%%ﬁn%% séc ]oarlfm SJSéM(qci%;Hé'po}r[?jt"’iﬂ?fgch
t GW&r dPetarpBERl avRITIeIr penglei s (o) enffedtat ancamgliong
ofar@@nha the)l ergidikehBabnaxXi € Obe fhHe1NBILT-Lraddsibi1e

(%%hér installation conditions.

21. The method as claimed in one of claims 16 to 20,
in which each of the parallel routes (28) to be
traveled by the water craft (11) is dimensioned to be
at least so large that each volume eléement (26) din the
analysis space is scanned at least once by each lateral
limiting edge (182) of the receiving sector (18).

22. The method as claimed in one of ‘claims 1 to 20, in
which each of the parallel routes (28) is subdivided
into two route sections (281, 282) which are oriented
at right angles to one another in the horizontal plane,
and each route section (281, 282) i1s dimensioned to be
80 large that each volume element (26) in the analysis
space 1is scanned at least once by the front lateral
limiting edges (182) in the direction of travel and the
rear lateral limiting edge (183) in the direction of
travel of the receiving sector (18) from each route
section (281, 282).

23. The method as claimed in one of claims 1 to 22, in
which the center axis (101) of the receiving sector
(18), pointing toward starboard and/or port, is
oriented at an angle of 90° to the longitudinal axis of
the water craft (11).



