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- 1 METHOD FOR PRODUCI NG A SONAR | MAGE 5 The
invention relates to a nmethod for producing a sonar

i mmge of an underwater area, of the generic type
defined in the precharacterizing clause of claim1. 10

. One known sonar system whi ch operates on the basis of

an ultrasound in order to produce an i mage of an
underwat er area (US 4 288 868) -uses sound pul ses with a
hi gh ti nme/bandw dth product for good range resol ution,
and an image store which is organized as a three 15

di nensi onal database of the object reflections. A sound
transmitter transnmts a pseudo-random pul se, and a

sound recei VEETRHEP eCPR RRMeDEOUN AR MefAGeEct ed from
obj ects, as echo signals. A nmulti-beanfornmer or

beanf ornmer which is connected downstream fromthe sound
260 ?eeﬁvéaFlaﬂdreéééﬁé honanBeFhef beangrefucing a sonar

dim&gél Vcbfy ag haiagd ehd 5+ CSaréM"ll chrspread guhekike @ype

fgg 1ned 1n %c]: ption sector of, the lnder%}er antenna
s PIPEF P bFCethoes S il %

angl e resol ution cell, whose horizontal width i s

g@Hszﬁ@wgyé%ﬁ%ﬁ“%{%%é&owﬁﬁéq ngﬁEgéebn the‘%a51s of

directjvit aracteristic 0 signals
CRPr ellﬂa@é%ﬁqﬂiﬂd cofY elogdeEs WPt hpBodt e edifpatltft@lgn? obft hen

S@Mﬂ@r@@féﬁ ar¥kt usi Be280NBEESSELe PULSESA DS NP s Wfth a
p% # fe_d at/ thFl 8§gputs of the correlators for an

r uti-Bf/ bapfyl RT9WEGe TSFor¥ B chiIvE Fﬁéoé’a?baﬂr
puhgdesarf r amaglee storeelwdiosls drd generat€s a&as a three-

t?fﬁ@nQi&@ f'gg?ébgg ag§8§ eogbtheEefgﬁf%c%g?%geﬁé sghnd

a set O our |nes

- st apEERHt eoRpUt N YR bphi oS t{@@hmoqur@ndlom upedstp fanth a

ado@Rd | eakel fBEE gbramkhe HNrLg 36 i Q%ﬂ§' ected from
%gabase assisting the operator in ntifyrng an

REESo. PR | SHdbwnsSterathi s do- c& féd’hﬁra@bﬁ%félﬂ or
somanfotmansaucel t ecbopheayed Odcbﬁnéitﬂkﬁﬁj toomigndl soundg

p%%%gss: gg InE)iglrosound refl £ t| on %ogg pryr.fgs[réctivity

characteristics, which spread out like a fan, 1in a
reception sector of the underwater antenna emits a
multiplicity of echoes for in each case one angle
resolution cell, whose horizontal width is governed by
the horizontal beam angle, or the directivity
characteristic. The echo signals are correlated in
correlators with a stored pattern of the sound pulse,
with time-compressed pulses being produced at the
outputs of the correlators for angle resolution cells.
An 1image store receives the output pulses from the
correlators and generates a three-dimensional database
of the echoes in the form of a set of contour lines for
each range cell. A standard computer graphics technique
is used to form an optical image from the three-
dimensional database, assisting the operator in

identifying an object.
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underwater mnes, in order to obtain high-resolution 5
i mges of underwater mines froma safe separation

di stance of 100 mto 200 m (Brian G Ferguson
"Application of acoustic reflection tonography to sonar
i mging", J. Acoust. Soc.. Am 117(5), My 2005, pages
2915 to 2928) For this purpdse, the wat ercraft which

1 S carr t he sonar has to nove around the nine,
\M?Llech % Ndet'ert edt3h8 cFRsSPLiled i prgadband sonar

CdﬁV@WﬁWﬂ@ﬂ Uﬁnhnﬂlmipﬁxemﬂﬂﬂfhmyjmﬁﬁmﬁéﬁaﬁiﬂﬁégés?&Fg
recelve ec

that th ar can
Q%Dtnﬂalngmﬁgg? %E%%ﬁqrom Ograﬁg)yf ®m daFPEFEﬁFaBéﬁéctOf
15mélﬁﬁwé§eﬁo%@¢aph|1@ r ecoast riuct cbhadhgdridhime glait ion

used gelso @EOduﬁaeﬁwB%@rd'Hgﬂébonfkﬁhnage Q:fth%é%%ﬁg%lon
of,.the mnmine, fromthe received echo signal’s

koW 2REERo P orl Bt odtici BY a2PAr ed- di (@ersiiondl. Herguson

m@@ wiamb esRNsE it er STV O pder "éﬁats%
I ;Ll nremmaan ofl a sqnar ]Qus ino 9% ?e nar
r‘ reg |%(r:1o 3u§8l Vi ol miay p?p@tE’try nofges

i ééﬁt5| dal %@12)%*5 \Mﬁ‘pch taries apmm@ﬁei i ﬂ?éOW%té@drggltUImﬁch
h t e each cube i

Wll% &gég}e%trlle g:th%?asgﬁgocg{l o\rllwtlgn & Sepdrate tgt?% mgne,
t18 r ant@df baté%e%catqeefreéﬁlaﬁr r@ﬁlldectcbassia:fae@f t:he a

SObaWehﬁlﬁﬁé[[Edneh{héf‘e ghor ee;té-}ﬁ P@CIB frﬂﬂf ak V\QI Glne
gg%k scattered,si [, which or| gi n S om a vol umne
associated “#fth éncgﬁgerl $haét dbee &On‘Fﬁatca@uﬁ@Q@ﬁl‘f@h eg3lo

haSgUhéShlghéiecpedbéhbmlt%eoguh%lngrbﬁﬁdh@%@&bﬁ? %%pect
naer.wat er nvi r nnmen I N
tQﬁ hagck 3&%&% '}ég]n ?ﬁ&? P cREE cused

each row an S s %s ;
cEBe@rSF‘é%o@bltﬁ@o‘dl@Sﬂmcalaéi aitteged @fraglee gshepat benthe

techa) aBom! onbOESLA; 7R Bnbhe; yades vat er envi ronment.
35 One known nul ti-beam syntheti¢ aperture sonar (WO

02/ 059645 A2) has a sonar projector which emts sonar

signahs, lansa mathodb&@m] Sg@f\/\tﬁiuc{}ﬁ?@' é{eﬁtg\ggggﬂﬁﬁéﬁgﬂéﬁﬁl
are c
et B e, SRR R g S Ercobpbeesuaer

awnnxonment by means of a sonar (US 5 200 931), the
underwater region 1s subdivided into a multiplicity of
identical cubes which are arranged in rows and columns
with respect to one another, with each cube being
allocated one storage location in a separate store. A
histogram of back-scattered or reflection data of the
sonar is formed in the store for each instant at which
a back-scattered signal, which originates from a volume
associated with a cube, is detected. That cube which

has the highest probability of being the location of
the back-scattering in the underwater environment in
each row and column is gstablished, and the specific
cubes are -combined, using a standard image generation

technique, to form a map of the underwater environment.

One known multi-beam synthetic aperture sonar (WO
02/059645 A2) has a sonar projector which emits sonar

signals, and a multi-beam sonar receiver which receives
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underwat er area which is "ensonified" by the sonar
projector. The output signals fromthe multi-beam sonar
5 receiver and the data in the transm ssion signal from
the sonar projector are supplied to a synthetic
aperture sonar processor. The processor processes these
signal s and data using synthetic aperture al gorithns.

~The ona;creﬁfyst.em al so has an interferonetry processor,

10" Whi -5t Gtd¥¥es 19a butputchiat ke feneatéd Byntésléection
apEEtuthesoemﬂtpe&ce&&@hﬂxﬂgmhﬂgm§rfgﬁon%55bgts in  an
al d.4 s, rder. to achieve better vertical

resol ution. 1Er 7 oABKRowh® metHEWP ¥ drl St ot | Eheargenar
i dErisdteat i dme tgutrmmSSmnaalssymdmetmﬁe aper t s radadn s -
SRR 7 0 ), 1h adar _echoes are ,

ér cé?ggg‘?ga?oFﬁ?p%$E%sfu{aﬁ ét%%agFgFgalBPxéﬁgQ%%afr?m
pﬁgﬁ?odﬁggﬁﬂ i PTOFeeFOX 0 agRt r auppaiedr geto. A figwttiandic
aa?EEMMid(Eﬁﬁdﬁiﬁﬁﬁdéybégzzﬂﬂgﬂﬁfgggﬁﬁﬁfgﬁ&h&%%éé)éﬁg%e
extiracted ta get for a first and a secon _

cl A S%Tisca?r?%n 8f 3t HEt1%r @EF?h%Fﬂ-:if: e rtwe & algor}tth-
clTéssifdreat | oysresubl soanasf u&gcidfdetﬂf&r&%?t%ﬁ,gtg@césrgor'
Ok @8It Op| LEy the extracted target. .
iﬁ%gﬁpioﬁkggg gééd %ﬁ%tlﬁ?ﬁgﬁfécgagﬁ s%€emfy?%% gfynthetic
mEPREGUESr prodiidi ng Breomasor magesiby neaﬁﬁﬁgﬁf%%amétﬁic
I iRdeEwat er, ar n scC e ystemtica ,
m??%Qr?ﬂ% l‘Sosi?linon ?gggﬁutﬁgh ang W%Y%h %gggﬁaepéﬁ%%%ﬁcal
ofeﬁﬁgugéﬁ rangl e and/or the nunber of beams or 30
directivity characteristics forned within the reception

di to the inventiagn, the object is _
2ehi SuBa By L MELFER s it PSR £2198 THeaRRsqat ion
aB¥oPgrAg 10d tthesymventiorapastiie ssyant ager) thes angoy
UBGQVB@§ertﬁée§a95ra@$hgg%|E?g .Eéee%%%dbﬁg %%%n%gxels,
with high resolution so that ob 8CtS PRt :
uRBEr weter S&P&&danBtspleheasur basprokesedbeth ofortdre  to

uagersat et afRa AN Nerkecer ded W t B.pigh g(&@l%#%ication
d t 'L. It iIs sufflflegt for this purpose for the

g 85 ithm ‘are "applied to the extracted target for a
first and a second classification of that target, and
the two classification results are fused with one

another in order to identify the extracted target.

The invention is based on the object of specifying a
method for producing a sonar imége, by means of which a
large underwater area can be scanned Systematically
with high position resolution and which is independent
of the beam angle and/or the number of "beams or
directivity characteristics formed within the reception

sector.

According to the invention, the object is achieved by
the features of claim 1.

The method according to the invention has the advantage
that an underwater area of any desired size can be

scanned with high resolution so that objects in the
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watercraft which.is carrying the transmtting and 5
receiving antenna to nove effectively in a straight
l'ine over a specific path, which in turn is dependent
on the extent of the underwater area to be covered in
the direction of travel. In the known nethods, the
position resolution of the Untiefwater area in the 10

I dependent qon the beam angl e and
he tbar 261 “HFoct| Vs ERGr ALECRFS s i bEARs onahe
detRieorates azrehe cadi z—he r argeridecr eases. hNgBEONLEAShyr

togdhdsr. i nd hg ccageref the, %QPd'ﬂgﬁfaan Pé@f|%ﬁrofthe

invention, the position resolution in
1#??%@% |‘i’1@é‘ﬁéﬂdéﬁt BRI THENGeabhangt amémitieing  and

dlre&céiwirtg/ charagcizer £ st |n%v@”@ff§c€99§%9ntlrpvgr ggnglght
endent_only_.on the rmgnltu e of "the as

ang e m?ervgl FSEred Rt | hishsap 6ﬁ1r@'1helfse@¢mndent
argj} ethpgestenhe afecept i ondseci©sr ohréhertbeci Vi 20y 1

h_th oints_jin the underwater
e o L e BT DO PR F P oG RfRPe  the
t RO St ieie r aFas qlélttlloé\/equng tbeer ubHatrwpath. 4negengs al the
t kit 1 i@3abd £ 99&&1 oRsr eénghéHEt oA f the gale%]%(:tl 0 Of;ﬁnd

IS spee
”t%vel I C s n%lllfe%l‘fh%y g{h%@ac&nﬁ@tat@msofon Heesoyndand

edmy J:iatt s dusthasrddRor takqd o £hegse d he n LH[B—E: t
bl - . 3 g sgthe aspect a%e W thih

of. yrement_points and t
thté3 nglgpect qgln Flg i FEEPvATT t ggﬁenﬁﬁﬂdcl%ffﬁq ing géo Sﬁﬂe
THé“K%@éﬁﬁboﬁﬂSECEQWltsz1bees@y@tfdnbynbeaﬁf@ﬁ&b&&lﬂhﬁfbf

a | ityys of; ﬁggggh ireeti y haracter stics
\Aﬁ?gﬁfegre %/.de acent to@%%tg a(%gt hi\é?ru13 8°% 1 8h9 I(]Jﬁ tRé the

pld&r]fgctiiﬁv\?oﬁlycﬁhlaﬁélc\wréﬁ@rl@frt ajns! rm?wqmglstaasxta onmulrtamje

wiitchi s t ke presiehitonon By obut i1k | ﬁagg?ﬁgaéggatsﬁ: Othf ect

|nc§éase ghnotingag%r% Sag%%%thg*nﬁ%s§@§Wéﬁt pbentssctor
AP Moot otoit PTG e o
g?gggngggﬁeH;hSﬁE#ﬁgqaﬁ%eF%%%er P i $Tcorlst deregrivater
t B2 are “considered” by the receiving antenna while
the watercraft is traveling over that path. In general,
the'achievable position resolution in the direction of

c
travel 1is -——Jsuﬁgf, where c is the speed of sound in

x
water, and t is the pulse duration of the sound pulses.
It is just as important to choose the number of
measurement points and thus the aspect angle within the

aspect angle interval to be sufficiently large.

The reception sector can be covered by beamforming with
a plurality of beams or directivity characteristics
which are adjacent to one another like a fan on the
plane on which the watercraft is moving, as a result of
which, the position resolution in the direction of
travel . is not changed despite it being possible to
increase the distance between the measurement points,

and therefore the speed of movement of the underwater
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equal to the nunber of beans or directivity
characteristics in which the area el enent appears, and
5 can be controlled by neans of the distance between
the nmeasurenment points. It is sensible to choose the
di stance Ay between the neasurenent points to be: tan
~s Ay A9 (1) tan(210 I~) Zsim( 2B) 10 where K is the
n r_-Of ams_or._directivit characteristics which
cg{/%(ralcilheé Plg}:eepr%lf%e%e% 0?519\5?%/4% AR 5 ForittHicls et orrea
arfglesangs. 1By thay widexeapte, alreb USs asshdEddéhad tRe thep
r ion:,15 tor e receiving antenna has a , .
se {oﬂ'anSEe pﬁﬁg ,9%?£3%Pch ?é e%?gﬁﬁfieﬂrmﬁt Sindr ity
GHSH St 5@ sl it aki sheofrer =leménms apsdarst heand

dicsiranse &&ﬁﬁ@ﬁiﬂé@ebynﬁ@%ﬂ%e%%n%hgoﬁg%%ag%kn% E&eégh%gm
recei ving antenna ma have a set of beans which cover
tﬁ“eearsélcréagﬁ“&n £ 20 dnd, I orffnisddd e10 tieeamhasse  the
didiedtainzet B chataeerr tEti B8asueadabnOfpyhich has,& beam
angl e of 90. Assuming the speed of sound to be ¢ =
1500 m's, this data results in a position resolution
in the undermaggr area in the direction of travel
wthin the r ion,sector of 25 10.6 cm irrespective
of the rahde: “TTEX] di stance Ay between they)
measur enent 4 s?2-sipht’ch  shoul d not be exceeded, is
about 1.35 m ‘In“the tése of the methods that have
normal |y been used’ 30 until now, in which the angul ar
r 8866t i & ofs t heheundemater @f eabsirtdi nothe dieeeptivaky -
seah@kcks rge¥eraed;h iy, t arangl & .of  the beams .
or.directivity gcﬁgﬁg%%egﬁg??cg%%hgkgﬁa Hosi TFohot With
réESIEPF&EOPFa%hEECHPFeéPEéﬁ ®-travel of 10.6 cmis
achieved at a range 6 of 10 m in contrast, using a-
recei yjng antenna with.a,  set of beans_ conprising

g rg%hga?glﬁ”ﬁ%@ﬂfheaﬁﬁtoﬂnsd?F@ET?VﬁP?t the reception
chaFaererfsthes rand igdcly writkrasbeasm angeetoof 6R1Q &, =

Tb@f,sﬁﬂﬁcﬁeﬁglHEE?H%%Eeé (3¢ e$%ﬁp%8p¥}geg0%£ghrgqghage
1

B

twi ce the nunber o eans of direc
ms, with the distance between the

duration of 1 =
measurement points being A,. The receiving antenna may

have a set of beams which covers the reception sector

and comprises 10 beams or directivity characteristics,

each of which has a bean angle of 9°. Assuming the

speed of sound to be ¢ = 1500 m/s, this data results in

a position resolution in the underwater area in the

direction of travel within the reception sector of

10.6 cm, irrespective of the range. The maximum
distance Ay between the measurement points, which

should not be exceeded, is about 1.35 m.

In the case of the methods that have normally been used

until now, in which the angular resolution of the

- underwater area within the reception sector is governed

by the beam angle ¢ of the beams or directivity
characteristics the same position resolution in the

direction of travel of 10.6 cm is achieved at a range



characteristics with a .beamangle.of cp = 0.3. In
order to halve the beamangle, the length -of the
receiving antenna would have to be doubled, for the
same transm ssion frequency. This clearly shows that,
with 10 the watercraft traveling at a sufficiently hi gh
speed t he -method according @o the invention results
]Jf'll 9(51 range-i ndependent, angul ar resolution with a
rece| ving’ aht EARETRRGse USdRgt IF FTFais iver yarssihanoriech a

f r%@domff obeafubt t a:mgpeyaﬂn@ 0 deﬁﬁ&%ﬂ_@t ar Ovegégllngs, or

DUS, Of - t el controll ed _
g L%ler wat-er _\}}éhrﬁ%J£ Thi 5t Sos"ini.l oﬁafv;gséﬂlﬁ?l &n 957 rRngle
di%fecti 6n bf6tr allk- |S§1mecom$$®]nltnacnd does ntinge of 20  m

: d&«tcﬁ,flcprlﬁé@alaﬁe tf‘@lééngﬁe hﬂ&%ggs%a beramcsont rast %poi‘rfblgjﬁty

t ti with the known met nversel
SI ua C%c?sﬁlﬂt&ﬁszwlrt&cﬂ (9% angleheTiq eetd 6if .ofIn order

| t I‘taA/e]halﬁe athee\k%hnb)/angﬁéns ok the,ymt hod %%%orrdéc!‘égl\;:)]ng
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t ntion recei vi ng ant enna of conventiona
Ite}lng%ﬁ%ﬁ%haﬁvolunl he Y:%set‘Bf fe KAYRASAet hd@E, 4he¢ same
WG sTtlgstliver nbrequeéscy st Thi sc eistaanty oyeswa Fﬁgge 2B
E){:@l%dl £hadi nept s, he, met ho ccording. to he
entvlﬁilgne as wel | as ad{/aitgtgeous %g\a}gllgﬁgéﬁt §‘l§|1?d speed,
i°n RSl Gfcardinmehe | bheafavepedbhi edsuitshen high,

'fuﬁh@@FlﬁﬁépﬁﬁdeAtthLﬁfufBﬁEQEEBQQk188n@hihpagefece1v1ng

t ted by nmeans of "an
T e e ongreccon £0r
r é&itvingg eartnerna $13a1.|;sednd@f@é@éﬁbkféhét:lésVeEngcg%gcraén le

di nensi o
o R R e E
35hafd POsjiEére dieaHeltsieabed; HEmel dirébeivat ef v@la’da@ is

0 ndemrwat ea o i.on VVI [
dgggﬁslhggg i %n\r?gr :&%ﬁ ailoin tH%GC J‘Jflo::atjlgjz)tvvl ng stethW t ffange

r &P EFBATES t o Bx EMFIdAP terftfoditfent st Uikl oh mieh the known
| metisbdat edConvéhbeedyawi ngeri;n WRLER: 5b@tggge loosition

[ sch rmtl cal | a rear view of
mg%g?%?g%?ﬁ ?sdﬁgﬁlﬁé on of travel is achleved by
means of the method according to the invention with a
receiving antenna of conventional length than in the
case of the known methods, and which, furthermore, is

still constant over a range.

Expedient embodiments of the method according to the
invention as well as advantageous developments and
refinements of the invention are specified in the
further claims. 2 three—dimensional' sonar image 1is
advantageously reconstructed by means of an
interferometric measurement, in which a second
receiving antenna is used, preferably at a wvertical
distance from the first, which three-dimensional sonar
image makes it possible to identify the seabed profile
and objects on the seabed, and in the water volume of

the underwater areas.



in a sea region and has a sonar for detection of data
froman underwater area, 10 Figure 2 shows a bl ock

di agram of the transmtter side of the sonar, Figure 3
shows a bl ock diagram of the receiver 15 side of the
sonar, Figure 4 shows a schematic illustration of an

i nst ant aneous state duringddta recording, in the form
of .a plan view, 20 Figure 5 shows an enlarged .

i 1Tt PAYS o Bt ‘t’-’hgl bgt £195 ¥ {559 igureone gﬁﬁaﬁésl@ the
edotl Ishowaant édtd ustitiat refierBnoeden te&em@ri ediihents
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- anplitu : ‘the

er “Si
nmet hod variants, 25 Figure 8 shows the sane

il Tustratdar as in 1 Qi dag Wit i pat h |
traveledk%y the’mat%rcraft?(g% Frgﬁﬁgmgpg%%%ggh.b%ocfear-
di agram of the recef¥@¥ ©3%j devsterrrafsonahigbcdisdingying

to a further exenplar¥y Qﬂﬂﬁdfé?ﬂg -gndFm&%realgoﬁggm§for

n
an illustration in order to explajn the interferonetric
rm%wemmtpﬂndp%@@?%@ﬂe%ﬁ% N aRl e XHfA & agTer
a transfer functiowed, a filter in the block diagram
shown in Figure 3. In the nmethod described in the
following text for 10 producing a sonar image of an
under wat/€lrgr 8a, a FoF i3 useldahhi cliliiagrear ri ed by the

wat ercraft and has @-asound 4+ ansid e nk2 Hgure 2)
and a sound receiver 13 ’
Figure 3 shows a block diagram of the receiver

side of the sonar,

Figure 4 " shows a schematic illustration of an
instantaneous state during data

recording, in the form of a plan view,

Figure 5 shows an enlarged illustration of the

detail V in Figure 4,

Figures 6 each show an illustration in order to
and 7 explain the association between an
area element and the amplitude value
of the filter signal, based on two

method variants,

Figure 8 shows the same illustration as in
Figure 4, ‘with -a modified path
traveled by the watercraft, '

Figure 9 -shows a block diagrém of the receiver
side of this sonar according to a

further exemplary embodiment,
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"~ transmi St
as large as a receptxmeigect or 18hewhi ch iis teovReHQF:c

(Figure 3). The sound transmtter 12 has a transm ssion
pul se generator 14 and a transmtting antenna 15, which
15 has a plurality of electroacoustic transducers 16
arranged on an antenna nount. The el ectrical ‘
transm ssion pul ses which are generated by the
transm ssi on pul se generator 814 are enmtted fromthe

franSn%Ltin% 3@tenn 15 as sound pulses into a 20
ni- $§UG ct orSAFS wis e Spatitaatdmgl e iins strdegastto

the receiving side jn the un ervater. grea 10, with the
sector angl e |ying 'on the piané of tFavel, referred to -
in the following text as the horizontal sector angle

(pB ZSFQEEQQrQ14)’ §HE%§hea§eCté§aﬁgi e gkigned at oo

‘right angles to this, referred toin thé folTowng

text as the verticBinGel@or odnghe {HVLEF gur e thle . blek
spatial angle of tdieadrandissl A% $8¢LeE 37 ensonified
by the transmtting antenna 15 is chosen to be | arger
than 30 that of the reception sector 18. The sound

révej Vee IBctlasdi |damstmiateet] iin tbref ofdl Mfwithg bleGe for
dpagram hp Ei gy ,-ngf an- el ectroacoustic__receivin

a%tenna 1 @q%&%%g?ﬁg T ti pri el Va5 ﬁ§%?0pﬁ0588ar
205 WHikth ahdchi kb seraiednded en watemmaefmaandurtas a

Hyduapheres saQtwhi-chraneihocat o6l ugrt| @hé& ope. abgye 5
t?g.other Sre 5onb|ned toforma so-called stave in
orGEPUES ddhi eVE VEMPACAFa9STMAESRF oL R REST Br trRasmission
rpceései ggnlamaenmalwantihfat tEaHEﬁig@aM tBﬁt&g%Ei €8l which
S or _an Each of .t r ophone
iﬁ%%st?atg&%F%EEFgurg 3 F&eF%§P8¥8Péglﬁar£r8F5§u§?5§e.16
ARFTERgefiydrophones 2(emirehrs | e .st alee arelectrical
operatRdsatohhe maneding iggougu§jgnggﬁﬁgaﬁ?%obtalneghe

fromdifferent reception directions, each the
ngﬁ?ﬂﬁﬁ+?%é%5tﬂbﬂiﬁén§?@$Q@T9¥ fldomichecritted ciadom the

outputmst ghals bheenhhe hygr ophiongsuiq i BudkRown vy 4
' [ so-cal | ed beanformn h

TEDAgLy DY P TeL PLecEael nfycsoscal e prarform o Tne]
ansehaage18si s alesmptafoer reghttar a8 t henidin ecd | ¥b¥¥red on
the receiving side in the underwater area 10, with the
- sector angle lying on the plane of travel, referred to
in the following text as the horizontal sector angle o
(Figqure 4), and the sector angle aligned at right
angles to this, referred to in the following text as
the vertical sector angle ¢y (Figure 1). The spatial
angle of the transmission sector 17 ensonified by the
transmitting ‘antenna 15 is chosen to be larger than

that of the reception sector 18.

The sound réceiver 13,-as illustrated in the form of a
block diagram in Figure 3, has an electroacoustic
receiving antenna 19 comprising a multiplicity of
hydrophones 20, which are likewise arranged on an
antenna mount. Hydrophones 20 which .are located
veitically one above thé other are combined to form a

-so-called  stave in°  order to achieve vertical
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characteristic or beam The beanformng is carried out
in the beanformer 21, resulting in a fan of beans or
directivity characteristics adjacent to one another. 15
The follow ng text uses only the expression beans, in
accordance with nornmal speC|@I|st use of the term The
set of beanms (Figure 4) which results fromthe
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aﬂnkpﬁted51§ﬁ§lssaﬁﬂM§dTﬁkaah§@ggbh%%egre9$enﬁ¥ 1/tﬁnown

and_are processed 30 further i'n a conplex

t REPPRdI PYdFHINSamp-OCorRings o -sakpless b@@mﬁgrmehayecrhe
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The waveforms of the magnitu t'al néd
glﬁﬁﬁtFE%EYr e‘&“%lbaq‘?ﬁlf%%thfor @idgaceakt &s recei wedther.
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of Ehed tha glso f i égle to formth
sqﬁaresa%?et“e ﬁﬁFTﬁ eSPratfet s T?%wpﬁtﬁ?QniﬁﬂHtudes

t hensel ves and to process their’ maveforns further as

\: si,gn rou s

[ﬁgﬁseﬁesbga?%ﬁ ) be %lsﬁg‘J %ﬁ % §‘é t% fHGH the
t el basebanly niod ndpeans w@@nlthde oarsquahacemt the one
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their,real an be used as recelved signa
rﬁ%%?%%%rs%Sna@%C%r%esﬁb?%cPaFoaabeﬁ@asﬂgbﬁeon the plane
cof rectawvali nofhethbockaRérchort exappkeridyorder 19 e

following text as the horizontal beam angle ¢ (Figure
4), and a beam angle'aligﬁed at right angles to this,
referred to in the ‘following text as the vertical beam
angle @y (Figure 1). In order to produce the group
signals for the individual beams 22, the output signals
from the hydrophones 20 or staves are amplified, are
sampled at a sampling frequency 1/T, ahd are processed
further in a complex form, with the individual sample
values or samples being delayed with the correct
timing, and being added in-phase to form complex group
signals. Each of the complex group signals is mixed in
complex form to baseband, and is low-pass filtered. The
magnitude of the low-pass filter output signal is then
formed in the block 23. The waveforms of the magnitude
_obtained from the block 23 are referred to in the

foreign text as received signals. However, in -one
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conpensate for the decrease in the anplitude of the
out put signals fromthe hydrophones 20 caused by
geonetric attenuation during the forward path and 15
return path of the sound pul se. The corrected received
signals are filtered in the filter 25 in such a way
that the | owfrequency corrpoﬂr@nt‘s oL t he rr?%nltﬁdeh
I ro W|thlo gtln an hi gh-
frg%%é:r?g)%%g%np\éh‘%%g%meﬁor { %fﬁ e fi9 t &S 2m1so
2@0ﬁ§§béet rtansferm f bhet lsmlasqemlcaf theanialg@h-tgha{lﬁﬁ ratherv
r t I ear. profile over .
S Pt i o R P T L R
FhVFgPri%S afHFﬁﬁeﬁas%SflIf?@?lV?@ aszm%liﬁI edfh%lm:complex

vf gh:bap sinyrizhe casanf1tde dgscrhhed i gidal S‘cHQé" é%S to

S$ stem,is used as the fiftter
ARago SR TBE 5hEr BRSFERTFuTieian AOS RO e sauare
| PHi tthedefdgred urle thermat fomegadtyes agé I;l@sfc-rﬁ%‘é'dt i ve,
I r epey,L8/ 21 and_+
R R O T ST
30 circular frequency co, falling. in the range from

2Tret® Nds{&SiNg | he 40 1H.G
onez et I?ﬁg ® @it e%] |£é]r%l I%‘gl??%%ed I n %gurleeaf/

Tﬁ%‘—’ra‘égz}??bédlfﬂl efilgof ¢ he fRfgnexawelsi gmal order  to

resmpessate add | the sighadasd t Anposid | wepand uRedat+ Ve
tructjon of the sonar

d [l owin con
agBJC%EH eg%ﬁ?{glgl 0\%- pags£§| | t BFIRGPIPPRSa EPanspesed by
f@iﬁ@m%hmcoatb@p@ﬂ‘dmg t duanngi thact forwarda wamdowand

f n oL £€ I Si ng Hannln
o‘?@%ﬁ p%&hé’g S fotd T 500 B B gr?ef:nsg e

i RIS sEgfal %Jot%%elﬂatﬂtﬁ of itherfidx e:tn3|sglm al way

otiet tther oﬁmeflae@mraj t &{elrlﬁd% g%‘%ef %teermégﬁﬁtuée
t i ca

D Bt L i ST eE HetORSRTER L yE o apeah-

efleeﬁ@mlscszecampangedsmﬂmstlaﬂﬂ pakueBs, lecnéeffm?@ef n2s

tﬁ@%ugdgFﬁﬁE?Era%ﬁﬂc{%oang.area %xfﬂemh%gﬁ P%Sﬁofllter'

preferably square with an adt
depehdent J@rﬁlﬂ% d@erf@dca@rlmmmmrposmﬁheer adivak  the

frequency. One example of this filter 25, which 1is
similar to a high-pass filter, is a so-called ramp
filter. In the case of the described digital signal
processing, a linear system is used as the filter 25
whose periodic transfer function H(eﬂw) within the
limits defined by the half-negative and halprositive
sampling circular frequency -/2T and +n/2T,
respectively, is proportional to the magnitude of the
circular frequency ®, falling in the rahge from -m/2T
to 0 and rising in the range from 0 to +n/2T. One such
linear- system is illustrated in Figure 11. . The
described filtering of the magnitude signal results in
a filter signal with positive andvnegativeAamplitudes,
allowing reconstruction of the sonar image. Further
low-pass filtering with a transfer functién
corresponding to an Si fuﬁction or a window function,

for example with a cosine, Hamming, Hanning or



resol uti on. When continuous-wave pul ses are em tted,
the edge length is designed to be equal to or less than
cti/2, where c is the speed of sound in water and i is.

‘the pul se duration of the sound pulses enmitted fromthe

15 transmtting antenna 15. The edge | ength nay be
chosen to be greater than T©-il/ 2 when using the nethod,

: ' st r.at in Figure 6, for association of -
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el el t26:n G Figurio D1 [dnestrrates ang@pharged det ai |
of the area elenent field. Each area el'enent 26 is
allocated a storage location in a storage nedi um 27,

T fertER R &9 Pradiecd ot | owia- iede fof shontdeswither area

tiar,e i gur edl eraft, 11, now travel s
gv.lgyr’ %;eggeg;lilgllslt%)az%dstrgsca}?[%%at%rlgﬁahly%%yf Hﬁﬁ{l ‘r? atongpte
t né Jc%Jd:rediA;'at% rhelli GeFerasiTge ar evdiviplg cintyerfa dfea

- i @ laiegned Zucdridededi 15 FEFEPLAANCSACHAL 18 RAUIALEL O,
e

[ he exenpl enbodi nent. I n this case,
f%@regggﬁge%ﬁﬁ%ﬁrt h@reg;gn @?‘/ akie 1B4e?r %%@TF%H‘E)‘F setft orare
ofPrEkerrddapt i vMB0e sewidh 18ni ncéc#gteilmghgtpﬁhewhitcg e
I ichudipal axi f tercraft. is chosen ,
000 L he. o ar y a0 ront "RV er DOFF ALy g el
b& SSCHEE 1PRan Woen WS- el -mag covenlshe patd 28 tideed,
rebepedga seeiyeh k8 Ras @emukbi Pl %'q@él"ftfbeo%ezsé than
Withion it cover i ng é?j the underwater "area 10 over — ‘
V\nc'c]'{}l’%’xr"rvafr-e Xfi h® ( EPGuriés Sl CdnPpnThént waheni enidng is
atibenpalsbs doirtsians @lfnothep@bﬁﬁdv\/ip?ﬂls@béle e%i't%i%gidslftrrg%nlt R

' . C si.ve, efera equ ,
tErshoRaciAl Lheeryccsssine, Mrelefably cauldistall,
r EBeiRf ngr@te athonr ecel Yesvherhe uethag Stgealrﬁeﬁmjcp,hoas
haveubeearseatiberedyuhack from Jaemideryal e area; 10,
and.are epitted _fromthe " beanforner as ¢
r $3B1TRdOSi Hhal ST A5eBcragRal Y5t tihe HerdraserRht STHES .

roup signals are subjected to signal processing in
Cheon : ! that a discrete-tine

i A U S AN
19! et 2L iedsl .deSechbedredhe leidener sisgnab s M1 @k e,
Storage location in a storage medium 27, referred to in
the following text for short as the store 27 (Figure
3). The watercraft 11 now travels over an essentially
straight path 28, running along the y coordinate in
Figure 4. The receiving antenna 19 is aligned such that
its reception sector 18 points to starboard in the
exemplary embodiment. In this case, the angle which the
center axis 181 or angle bisector of the reception
sector 18 includes with the ‘longitudinal axis of the
watercraft 11 is chosen to be 90° in the exemplary
embodiment. However, it may also be other than 90°.
When traveling over the path 28, the reception sector
18 has a multiplicity of beams 22 within it éovering
the underwater area 10 over a width Xmax ~ Xmin (Figures
1 and 4). The transmitting antenna 15 emits a sound
pulse with the pulse duration 1 at each of the

successive, preferably equidistant, measurement points
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beams 22 are used to successively reconstruct the sonar
i mge from one nmeasurenent point 29 to another

measur enent point 29, thus resulting in a conpletef A

sonar inmage of the underwater area 10 at the end of the

. . , 5)
15 path 28. For this purpose, strips 30 (Figure
mhigh are curved in a circul® shape and are adjacent

. _ in the radial direction and with.a
ﬁg%?gflﬁﬁgsﬁﬂgngg$/%garEhﬁeF?ﬁéévaﬂGea@heneasb9eneuélves
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ig)qad“%ﬁ?“@a% #dr as tdemplsoundacyiedgesidaa1ef ih€ociated

eairth ey i ' trips 30
b radii of curvature of the s
are Zgzgzlcufgfggztaking account of the speed of sound

c from the discrete tinme val ues of the filter signals.
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Case VEBS ponds t tge i stance between the centr .
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r éddib@Emn s Bmaht éRnguids Eh@ddﬂiﬁrigsgggggﬁgg ?gohh%ach
in : eption tor . IS
ceRear 29) s dleddientoeplon S8ELOT I a1 ehe
f SRE“SS%% B30 4xed ded | e dnps il i rsercetse rtiicre thal Wonar

nTImefyet heffdrht ebnesi %lsu%%eﬂtgteﬁfcbi;}gi P, 30, g?{]%%%ln r

f the sane 35 radial w means o
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oobe o rtneThe PRrgShy Bfp e (Thmga 5 whicn
r@gﬁeEPFyéﬁyﬁqrﬁt¢ﬁ¥@wbmmlﬂhipﬁ £ﬁ@uaﬁe6ad§5@eﬁfoﬁ%hgne
senoph30 is ahkosabed:! e amplifudey yal ega&géigg pidth
basi s the ti val ue nT, and the  rear t _
a?fo%g?édafﬁedgggpﬁﬁuéé Falche rgeRurpmEnonpbhet basi snothe
t hegtome ofal tBe( AT, eASmEAN bﬁi'fl%?”ggéé?%gﬁ%%%gfi £pe
i ' i a
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fEOmasty i &a30s she amlituyde 22.

The mean’ radii of curvature of the strips 30 are
calculated taking account of the speed of sound c from
the discrete time wvalues of the filter signals. The
mean radius of curvature of. a strip 30 in this case
corresponds to the distance between the centre line 301
of the strips 30 from the location of the receiving
antenna 19. The latter is located at the center point
of the reception sector 18. This is 1illustrated in
Figures 5 and 6. By way of example, a front strip 30 is
defined by the discrete time value nT of the filter
signal and a rear strip 30, adjacent to it, of the same
radial width by means of the time value (n+l1)T of the
filter signal. As is illustrated in Figure 6, each area
strip 30 is allocated the amplitude value of the

discrete-time filter signal associated with the time
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10 value a(n) is witten to those storage locations in
the store 27 which are associated with those area .
elenents 26 which are located entirely or partially.in
the front strip 30. For all area elenments 26 which are

| ocated entirely or partially within the rear strip

30, the 15 anplitude value"a@ﬁ%I) |ahmwktten to thosteed

t e 0 [ the store 27 IFch are associa
\?\nv%ﬁ%t hggecogtr eg%ﬂﬁént CHEU G ar e LRoddtedeEATPL el yin
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‘ 2§oa@pfsnefd byurhéidiysco et erbbnes Mahdtess (Dé2) Bt Ca11 ang o

| §tud ues a etc, are then
gggleahnledceqél—ﬁ/et\?ée? é§he%g% i t Ude vag%fé%t%‘?e RBFirely or
a§§6g|l§tlé&{ 1WIthsp ke dldonthe sarea eBepentise 2Gmpiltikhnie

| ich.takes
thaéﬁﬁ{@ ﬁb“lgl ?Qiggsléltnt %%In)ﬁv}\}loghl n the%gt\rﬁltgc(égéonﬁ pn the
\NI%]I cﬁepg AnpF FRGHRE Sl Mééhatboml gheed eBefrene s

tﬁéywanehvvau:tat éncatedt ketstene %?fd pEE%l\é@n?htlhnghe front
S als | his,case 35 carrie

lglglregtg 3Ofc'heﬂq%lfr egiéon'ponen IflenE%c%%ar"@thé? e%‘ht lpgated

\/\ﬁPEhr?%ycmrEarbyaﬂhg Srtlr‘al'erBOthandr@coadkypth:D the

reeppt t e sensidd vid pnaf) t g b%?@c‘gg af elﬁ:%%tes%el égﬂﬂage

cou with the Iatter decr easi ng

ax?%agﬁﬁn%f ithetBBamitore okdr ddhidie béamamgesat%zjl with

Th@oalesaraelaecblﬁr@ﬁt% ok neconst fUEt 11040k g t&&;f&{h]‘:\{
e i rleg gut_in . the cirguit arrangemen own
|lgure§ 4 nPhRe bPotk 53 ifbr 3BacH Bt beder 2ampi i hude

tmlla@ eanw@uaght istpimjegleaatied beingnadhibe $Wb- abl 9€Kre
3 by ﬁwiéﬁpiéCgifggdyfléggtgﬁp%ﬁégg%%cég%F%%e locatlon

rea wei ghting factor
saerl‘éll t i tyo%éﬁugflfﬁ‘ﬁ ng fiF®img edheredbeaimsi n 22  or from

measurements carried out at previous measurement points
29. This 1is done for all the strips 30 which are
adjacent to one another in the radial direction and are
defined by the discrete time wvalues (n+2)T etc., and to
which the ~amplitude wvalues a(n+2) etc. are then
assigned.

However, the amplitude wvalues are not associated 1:1
with all the area elements 26 within the same strip 30
but only in a manner which takes account of their
position within the strip 30, for which purpose the
amplitude values are weighted before they are written
to the store 27. The weighting process is in this case
carried out in two ways. Firstly, the area component of
each area element 26 which is covered by the strip 30
and secondly the reception sensitivity of the beam 22

are taken into account, with the latter decreasing from
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ub- bl ock 312 by nultiplication of the anplitude 10
SQFUZ by a meightiné factor which is derlvgd fromthe
reception sensitivity in the beam 22 over its beam
angle cp, the so-called beamw dth. I.n a method
variant, as illustrated in Fiqure 7, for 15 t he _
associ ation of anplitude val d‘fron1the Flscrfge-zglne

I t e dIVI area el enen
e SR R T he % DORD g LA Eeg the  bean
elS&ES %%ﬂan@hﬁh@aﬁﬂnxheQKPrmcéésthe IREePIsHOMmZEGO0l o F

1 n r ch nt 26 whi h is 20
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amﬁhmsﬂ%me@ﬁr@m&mewbﬁﬁﬁmm%tufﬁﬂbﬂte%ﬁ§gq@th the
e, -exa
rgb@t@??gt‘%ﬁ PR Wil LS TGS irdeape in
(ﬁPQTRQQﬁ%Cﬁ ?ekninmu&ahpéscaﬁlandcﬁm+th§ o i Sle

t I ) Lyt he thoe. value to i
C?iﬁﬁf o e by e b cer (JeTAYet | fage the

va %é?ﬂ Henitiy fRe &hpl ikerte @@IuevatO)lts beam
obnaﬂaed byhenBeraLaéHOBehﬁ nsgogi ated with the area

el ement 26. This anplitude value a(0) is weighted
correspondl g to the position of the area elenent in 35
t he Bedir220d t gabéaprecicse bylbetng el thplemdy & for

t. of the rec ptlon
“@”AﬁPFFS?C&%E% e S R s, TR GRSt e Sareac-
ﬂ%n?lé%erTﬁ%ﬁq%ﬁ%kMéthoﬁhﬁHlndﬂyxﬂuaieﬁemmnbieﬁﬁnts

56 mhhehdﬂﬂtdmmﬁlbgtwééﬂlﬁh%th§ﬁ§Q:O%61h%ﬂ@’ agga
t he beam angl € pp

h bounded b
t% ean1 g%mgkérS%gggr EO%HEnOEOEF?nH@@ephlPheSsaher
mefhnes a@etehlaineléso.‘rmbeéachhadreae erﬁ@VlthZ@Vtr Iewtélllragl is
[ Iues to t sSsoci a
e R | S BUHR X Hite CooThelse obeet is
Vit uBSY aViBREY Ebéséﬁﬁa Kﬁéﬁ@e(BKBqNQﬂEMKhﬁIﬁ&bi@rwhlch

tis sbovhded SLERHeS KW angle @ of the beam 22, and a
time value ty is calculated from this distance, using
the speed of sound ¢. An associated amplitude value
a(0) 1is taken from the discrete—time filter signal
relating tQ the time wvalue to. In the example
illustrated in Figure 7, the time value t; is located
between the discrete time values nT and (n+1)T. In this
case, the amplitude value a(0) for the time value tg is
determined by interpolation between the amplitude
values a(n) and a(n+l). The amplitude wvalue a(0)
obtained by interpolation is associated with the area
element 26. This amplitude value a(0) is weighted
corresponding to the position of the ares element in
the beam 22, to be precise by being multiplied by a
weighting factor which takes account of the reception
sensitivity of the beam 22 at the location of the area

element 26. This is done for all the area elements 26
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t he edge | engt h of the square area elenent 26 is
designed to be Il ess than or equal to the radial 10
resolution, whichis illustrated in Figure 7 by a front
and a rear boundary line, and is c-T/2 in the exenplary
enbodi ment. In the nethod variant shown in Figure 6, it
is not permssible for the area ‘el enments 26 to have an
edge iengtd of -apLg GT/ 15 Wien_the watercraft
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tﬁ@boéamﬁnéf ﬂhet@leomedth‘@aﬂ vesidbt coBiAai lﬁdFllauEE% it
sterage RGNS I Fe SIOTE2T | P, diy
glof the squares of the weigh fe[?%r&t‘t%rgglﬁ%lﬁagﬁ an
RFhe ?@%Qc?ﬁv@%ﬁoiibénvgiwé In this case, the
WGI ghting factor in the first-described 5 method
Vﬁl n |sthEt ﬂgct of the reception sensitivity
vve{lg tl%rk%g i otp the 1f eBOWERgh¥ifigout aénéerraptibn,
t heeSecandy desort bebumthodtrar i@¥crided reconstruction
is carried out at all the measurement points 29 along
the path 28, in each case in all the beams 22, with the
measurement points 29 being at a distance Ay from one
another (Figure 4). The maximum distance A, which
should not be exceeded for correct data recording is
dependent on the number of beams 22 which cover the
reception sector 18, and can be estimated roughly to
be:

mn%f c-T
A . ’
Lo (1)
tm{gi 2-@121
2K 2

where K is the number of beams 22 which cover the

reception sector 18 with the sector angle @g.

At the end of the path 28 traveled by the watercraft
10, the storage content of the store 27 is normalized
in the block 32. The normalization process is ‘carried

out in such a way that each of the stored values
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is solely the reception sensitivity weight

The normal i zed storage content is Sto&ﬁ?ckntﬁefé?g?ge

10 nmedi um 33 (store 33 in Figure 3), ‘ N boCd ool Syed
contains the entire sonar i mage, m?;? g?gphics

visually on a display, using %8npu - o o
techni ques. 15 Figure 8 shoYs,lchggﬁ;:EZLLgh ?rgﬁf 0
Ropenr - aRel e V88 e 3k Er ARG 45 g poiene ng7 is
aspect .ang ; |

at BFVéﬂFdar@I’ e§het oswne aother sqﬁhaa:q;aglt \la/fgg%i@{lns,gl?%mg
t htavavescriaidl ddeq |O§_nl gtfé%'zﬁ:é\';ﬁl%l gcﬁcsigrree gjﬁ)@?]%d vilue. In

R SakPRe (e L ot tadeeh pat Rheceiron-aBboribed

28petodesivgmednto hies Of?iucgfggﬁgﬁg Fggggﬁgggd%%ggption ,
I 26.1n the area el : ) '

:afﬁi@mt %J‘é ti%ﬁl N9gFackPr] edld drite Byeehewenphting
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i ct a ha ._b en descri be
Hih ehecssolar angleoehs, AL At heen desglibed Wb
onégaaﬁﬁFﬁagézﬁ vEregape onhdnt pls cktyrofi heans 38%%£ge
Paint s, 29 W oh ol ove L b 30 erSrorart TB eP avereStare
. . e 31 .
g%ﬁ%iéﬁst Y‘é}{%r@dﬁﬂsﬁ%ﬁ%@n%emmemm@r @redel 0dispheyed
sutvidipdd v s smanned onddepakeng hB@n@athcéﬁgﬁﬂégL%g%%ﬂfks
t Reohrdigeed i on and once along the path section "N

[ [ [ [ the path, so
he direction while traveling along
ihatythe underwater area 10 will. 35 have been recorded

canjphuetel § aghdihe, te%gh%gt}aﬁ:liggﬁiﬁéfh' p%;rthpleact ezgfri;/bv?gic\:,\k?y the
2335% ﬁggégg %%%% gﬂe g%cfgpngﬁépéedﬁs:@mnnthﬁpect angle
r é@@ie\;tWﬁgsarHremra;ﬂc& hasg Db y(p§n§bint/ﬁ11cye?t Eﬁ[y{l%7gpgles
tue of its design. A pluralrty
paene s, S B P B HaeTheear her thasvithustadted
Pﬁsﬁ%ﬂngpipo¢a$¢ggnéd8yidadommﬂbtﬁhoiﬁéﬁwgg?§g@?%%hﬁgl
iﬁﬁgesggé,e%hﬁﬂﬁ?daQ%dgéf?%ﬁé?Zehasgﬁghgoranglesggto one
S%ﬁ%%%é?? %gc%h?xﬁgg gécggon 281, 282 is designed to be
of such a size that each area element 26 in the area
element field is covered by each path section 281, 282
at least once by the two time boundary edges 182 of the
reception sector 18 with the sector angle @z. As has
been described with reference to Figure 4, the
reception sector 18 may once again be covered by a
multiplicity of beams 22 in order to obtain a distance
.Ay between the measurement points 29 which allows the
watercraft to travel at a sufficiently high speed. The
underwater area 10 to be surveyed 1s scanned once along
the path section 281 in the x direction and once along
the path section 282 in the Y direction while traveling
along the path, so that the underwater area 10 will
have been recorded completely at the end of the path.
The described way of traveling over the path 28 is
particularly advantageous when the sector angle @y of

the receiving antenna 19 has ohly' small values, for
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scatter point in the under wat

[ di spl ay three-
underwat er area 10 and/or in order to _
di mensi onal objects on the seabed and/or in the water
vol une, the nmethod as descri bed above i's i nked to_lg
interferonetric neasurenent methods by nmeans of whic

conponent can be ?etern1ned for eac
Scatter pon " &f area 10. For this

ing antenna 19' is arranged at
2“%’2???%2?1f0"” PEEELYL R TTTS Bskenyi 2y mheennitaoor
15PTER ﬁu?%e1®¥ra%@e@eﬁbﬁeb6hhedtthasnthérngagn&@mﬁét%gted
I sin paiigtirened thsglégrghq3f|5ﬁtCﬁ§&§;V£ g§%§1g2$hgonar
al ;h Q it as_wel |l be arranged o
sé%&% recelﬁéﬁﬁﬁé%éeﬁﬂﬁﬁﬁﬂﬂterﬂﬁiaﬁétond recei vi ng v
antenna 19" is preferably identical to the flr?gr 20
eeek The circy it arrangenen
Lrodug$%gt £%§ﬁ %urvﬁgfgﬂap 5ﬁ§r%§%§$§|9¥0flle of an
|I4Qﬁﬁ?%ﬁﬁﬁfw ATERgUle QndFor 1hh&n&ﬂfﬁ eb Qﬁﬁﬁgggf2§§§ee_
e no er
::hctg]uﬁ?esrll%r?eallr H%iﬁ%%%y%ﬁ 8}% I‘%Eeh v%r?? a‘PPcEJﬁpd'ﬁ@th@ﬁer
pOEntEhade aSveﬁ?ﬁ@a:llbcdrrmbm Zsof 1thRed to

f Ian
?if“mwﬁr?rdé‘rﬁﬁ?%ﬂ ol P Robe B RGBSR e

e echo S|gn59m§8n§85ttéﬁgd Packderormmimed pafort Rach
|ﬁcﬁﬁéeﬁMDppeoe|v1ng th&ﬂ(ﬂﬁﬁﬁiﬁéie&nda%%a ang tr%éf this

t in cAt _ d (4),
WE%&%%%%I; :qérgﬁgggﬁ%% Jmégﬁ'%ﬁgqﬂm}%waﬁﬁ\ﬁﬁﬁfnged at
afit §mtad cfg, dgtantre frxm At &1 mroef e;reemerlrmlgaraelt%@na 19
18FlQa$SeSlIthMthéfﬁkéecghy'?9aﬁ§$§@@1ngggggégg9 gpnés

PRTsS bR LEuLE o0 Trom e The heacly g el e

t Rétdehohsiignatart hatst easl e 1fir A id-r5, g OBLLed.as.
d§§€5h9edr§98¥§158r QQQAQQ f&e The second receiving
antenna 197 is ~preferably 1denticél to the first
receiving antenna 109.

The circuit arrangement for producing ~a  three-
dimensional sonar image is illustrated in Figure 9. For
the sake of completeness, Figure 10 illustrates the
method known per se for interferometric surveying of
the vertical component of a scatter point P. The
vertical component z of the scatter point P with
respect to a reference plane 36 is calculated from the
time difference At of reception of the echo signal
scattered back from the point P in the two receiving

antennas 19 and 19" and the distance r to the point P,
using:

RN : ‘ (4),

where d is the distance between the two receiving

antennas 19, 19’. The horizontal reference plane 36
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underwater area 10 to the start of the process of
witing the weighted anplitude values associated wth
the area elenents 26 fromthe discrete-time filter 10
signal s remai ns unchanged and is represented by the

bl ock 35 for each beam 22 in .the circuit arrangenent as
shown in Figure 9 (see also Hﬁ% sane block 35 in Figure

POl o oncg bl ARG 36T B GOF o107 i oGt P nate

hori zont al , reference pl ane

15 F e dacks el amsht L@t fia e drts ofed sitmrd eat@Jmey r Cme

rmﬁ‘sutleaembunanq;dlmes Esonefielr edy 54y thg f%‘ low:ng ¢
a5 1 t he .dep h alue z. [For this purpose,
etZ[&erfer Sty 2t 8o FEEdESi SretippFied with the _
recelved signal s of each bean122 fromthe two receiving
) e, the_tinme difference

t 9, .19 Far. 18X
g%h%gl gnai ?%ce% i 0SS TS m&i’Fedfeoy EQF r eB&EPBATEF  the
t Feder@edioredasegnal @ foronthhe $ et ecf VERg apteadas of
19 h 37 ue z
%ﬁiﬁ%&%;ﬂﬁi ﬁe@ggggglgﬁﬁy%tkgh'§§§%€?a95808é5%5d2§1th
v%h&e 2TF8 pt %‘[gh%% at2§hér@m ptheofdiperdtockiBy fdrlter
eadlynafl st heemas Bas eleneiiry 26 hegated %E%geﬁtgﬁa?f ‘the

if f f th nnre far-reac
g%&?ﬁ%ﬁé& g%%VeorgL% |QHﬁ$§LFa@&§angement as
a§§@@ﬁaﬂ6dFWQUMEe@cHs&eealebemh@tsaﬁeabdob?k@@ ﬁho@hggge
t f r now witte
Bgo?gi%r%%%§§¥¥§h g%% vg%?ﬁ?%llﬁo%P??ﬁ%% H?ﬂ%ﬁ%@oﬁﬁlF&e
b8Fé gBH24t 5PAGECHEE] BARSS, 3bef(Elpadet 30as ibhelestemened

380&0&%ﬁhﬁrhrth@&%m%%ﬁt|§@|b?dQﬁﬁﬁﬁsCgfrg%%%@%%roge%rlc
Bt |l ue, z of t ea el emrent 26. In ot

3@ PFI Ra" mE|Sﬁgegﬁﬁﬁbl??u€€f95F%§stWhﬂéh Bhe following
asewnti ated thea t kiedte aweaueleﬁentﬁoﬁ61%g§9t%gﬁggfgra for

e t.en addr esse

o A I the Lane Ve rtrEd carass stne
ThPSei§edonéonats 10f each beam 22 &ndni sheepeat gacamng
easbefeasuneyento noi iy 29anMiLh Lhe vaightedeamplltude,

bei n to
xﬁéﬁggkgg%gﬁg ibgtféﬁ %ﬁtﬁﬁ@ln§ﬂoﬂé{ @pbrhelhtishorced the

vatoesveei Bdghhose Moeh taee two receiving antennas 19,
19" in the block 37, and the -depth value 2z is
calculated using equation (4). An associated depth
value z 1is produced at the output of the block 37 for
each of the area elements 26 located within a beam 22.
In a modified form of the more far-reaching method as
described above, the weighted camplitude value
associated with each area element 26 and taken from the
discrete-time filter signal is now written to a storage
location such as this in a three-dimensionally
addressed storage medium 38, referred to as the store
38 for short, whose vertical address corresponds to the
depth value z of the area element 26. In other words:
all the weighted amplitude values which are associated
with the area elements 26 located on a horizontal plane
are written to x/y-addressed storage locations which

all have the same vertical address z. This is done for
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5 already stored in the storage |ocations in the three-
di-nmensi onal store 38. The nunber of x/y-address storage
| ocati ons which are | ocated one above the other in the
z direction and forma store colum in the store 38 is
defined on the basis of the_é%rtlcal beam angl e cpv of "
10 the beam 22 (Figure 1) and’t he neasurenent accuracy

ofeadhhedant erd es et ki sur. nt. At the end
ofeat helg%th 28 travgge%e%%ettggn%gt %ra%rlﬁg casige “t%t Point
stored &€ Wi otk %@#i&i% viad Uette ostasr e galifi being

C@Idlqlwnls thorimed gy e ﬁlﬁe@%ﬂe‘?ﬁ%ﬂe‘%ﬁ%ﬂe‘)%ﬁc‘%en to the
v%rtgl gal I‘,y bove tge oth of thé store 38

normal i zedl%gl el 435 OTGRt WA E SnoP il 9 z dthose D‘VI@E@@S are
béilmgadar ritaxraslit in nthhe stanmere deserd heds abOVEnBY three—
ddﬁh@h@ﬂohﬁ? shor %dB%al%ﬁm§9ﬂﬁ%§nedflq?ﬁa0h %%%%?%go%%ge

gcatl on the sum of the squares of
8F8F%0Pﬁcl‘”@d€@ 37 & heoatsgrb ey ealstos ethyabtiBer Th the

stoﬁed vakves aimtrdiave; b 0 ed i hi
evak a f & bees-HoLoBlized, i pyL §30f§¥8?

ég&ed |n a tg eebdl mensi onal storage nmedi um
|gﬁ’|ne © OPAPLStRE dthGr etrNalqRs Whikhanpée2®y of
lNgbath égaw 2 n( R st ;nx)e @gaumae meagukem&ﬁlt%xgh?gé? of
hE X ress, are accunul ate
form éné‘%ﬁfféﬁgﬁntégg%gl 8ép%‘g&? S8X % %mby addi ng t hem
(block 40) . In addition, statistical net hods are used

tptcaheulate ardeplh aag}yez f i nten val ue_of
Sg thghstore col um I:\r]omt : r?giar‘rr% ggegj st% 93?68§aft
PockPa1ptoresy Véée%ﬁ éf’hltcﬁb et ¢ ek ored henn‘ekﬂe antofe

thelwmms;ral ifpethest orieg vahues fuaragihe siore; 6ol ngojzgted

C@éf %é the % pLh val ue Z, and_is assoclate

dept “h PR PntEHsi PYRGAI E FhCensteye valBuesre

B%Olﬁﬁ%llhﬁfﬂh tbéloaés 4tle swotked tihe xdyrmddreasied Shesagss

| 19sat d o%ﬂﬂe{at di pen a rage nmedium 42 (store

4% |ndI Fi gure %t JF??t tswae%gf %rg}lgontg%%%mab n&dP°VRagey
g B urtfh&:eSEPrFﬁe ‘é@&bedceﬁttaheedndm vv@taeh as eardfe

Zocanibrof bebjeed s s tde watersypl tora
e store 39 can osnce agai n be %’ Ta?e/re%lng

L, iRy hORg e TIRRRS Giranst oRall Yo s nrhe

stored values that have been normalized in this way are
stored in a three-dimensional storage medium 39 (store
39 in Figure'v9). All the stored values which are
located within one store column, that is to say those
which have the same x/y address, are accumulated to
form an intensity value, for example by adding them
(block 40). In addition, statistical methods are used
to calculate a depth value z for the intensity valﬁe of
the store column from the normalized stored values
(block 41). Fror example, the centroid or the median of
the normalized stored values from the store column is
calculated as the depth value z, and is associated as a
depth value with the intensity value. Intensity values
and depth values are stored in x/y-addressed storage
locations in a twe—dimensional storage medium 42 (store
42 in Figure 9), which therefore contains a sonar image

of a 2D surface of the seabed of the underwater area 10
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conmput er - graphi cs techni ques. 5 The method descri bed
above for scanning the underwater area including the
interferonetric nmeasurenent nethod can be nodified
such that a three-dimensional region is defined
(rather than a field of area glements) in the 10

under wat er area, conposed of ['ume el enents which are

| osad otk adhacent 19 ene anoLber and.ong.above, Lhe other

and_have a base area, top area ‘ .
cdtt espéndhgreo $he @imemsicens aghinhebar efi gllewert Son  a

2631 sty t he Fghtehehpgei n Lthecarger of ; oo tude of
'1?10%/? Ins{t%ag of foﬂrgrrjeng tﬁeestr?pg %b I|1_n jt¥1’e_ beAmt 9
22 MR PHE I FANY SRR BBISts with the radial width
cT}2 are defined, extending over the cross section of
curvature of the

: . mean radii .
;g%eer ?@%ﬁ@%u%%gggl%? -agloﬁet & s af iy ast htheip@eiivater
of2aXa#r vakated 2ogofthcheist ek psrdfetrial &Lﬁa%h&%m&h@mlﬁ@?%od
di ' dd B 1 il YeS, e filter signals I ng into,
e E{eetﬂr?edﬁslpe\egeld of ggo}lljgn%.,a a’%dJg ?%e&a’ﬁ%ﬁﬂf&?@s e 1
dids‘E'LfJ'JlJ-lr§‘t‘eé1 t TR R%4I Heanare Hedidynet amethelsametway it0 the
L pmdeatiae r CLefmn! Somfedlel of NGB LA 19 AR CH TR e

j.ect,.25 to a restriction to those v
éﬁgg%ﬁ?ge\%%j@ﬁe e L9 0t QYR Thenhy®te pikawe Wiissether

O et pns Desie dopt ) ey g Mgt Wi
gltcgscgsgﬁlgggg?i{;oﬁ%? agglgoc#% TEWH ffe WU urEee eeRants
by addiifFort o 30l @t daelinexist thg sirdked ofalmies tilde of
wehghat, i Mg SR SSF ﬁ@kﬁ&ﬁ@rt@ d5699§§ 3] Ehk%ﬁ%sgeﬁﬁ 22,
carki egl om]. /ét thee end of twe. ne surema,ntl rx:ljgc’ith eC_T/2
stEred 7arués A proeeases, Wihht the toadiy :
e aesanibag i et SRl UE 1
DN e Gl
n@Pﬁ@éd%a@Fant hasthhesaaevaayags &ﬁ?imé?ﬂ?lgﬁsggﬁgature
waves s “f‘%%?‘%?%ﬁ%égf%a%ﬁ%%ﬁ %tghm "fizﬁt ghjﬁcéej?sﬁulmi
t ha EFanshi tthhg fartemasignalaken g into account th
speed of sound, and the amplitudes of the discrete time
values are assigned in the same way to the volume
elements, rather than to the area elements 26, subject
to a restriction to those volume elements which are
located on the‘layer plane whose depth is defined by
the depth wvalue measured at that time. Before the
amplitude values are stored in the storage locations
associated with the volume elements by addition to
already existing stored values, the weighting process
as described above is likewise carried out. At the end
of the. measurement run, the stored wvalues are
processed, that is to say normalized, as‘ described
above, the intensity value is accumulated, and a depth
value for the intensity value 1is calculated using.
statistical methods. This method variant has the
advantage that, during the reconstruction process, the

curvature of the sound waves as they propagate in a
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into account, thus obtaining nore, accurate data,
particularly at short range, for inmage production. 5 As
a nodi fication of the described nethod, the reception
sector 18 can al so be covered on the port side or by
two receiving antennas on the starboard side and port

"side of the watercraft.11. - KA the latter case,

underwat er. -areas op both sides of the direction-of 10

t ;ggéﬁm% kR d- 5E7 t PRS s ARENETHELLRG R eanso ise taken

ad—@éf-m% ageoLs! Iftar };ﬂmmt e?caaﬁ_tn@'l h@r%rg?é%!ctlﬁ%é:% data,
8l-hAg A s, cour.se, .possi bl e to di spense

et dirg?/ii 5i r?goc]# fR895ut par %ﬁaﬂa BrPABATEAB-

hydr ophones, and to carry out the nethod on the basis

13507 Anakog;tecstysd sbgnaldhe TheUELhod deseribed - o\

above can al so be nodified suc J'us
ggﬁé:legf%éfinr at#erO% hafl -£Peaml Fan be waoverhdrigontaé port
bearteangl &ycpwios regiedlvihg e «20 R0z MLl 1S651.9 side
agghe-ggﬁ.skget%%st%%se, the di stance_ Ay between f%e
nmeasur enent poi nt's IS e Ay y lnudR Hisoredten lease,
r 88dPEA§ern are@slucti ohoth tdEde@mXidRUM hpossi bl & speed ¢
ot rkkavel erGr 11. _However, _in this case
as mell,é?ﬁi %gﬁ?ggﬁta%>€@%ﬁ1éﬁgFe Sf 25 iy also be
r B0EPRFBACCUEL oFC1 8 tdTe t Metieasainditnglant eona dvdS on a
nedendsrinaggpaas.the kBst 8kl abi,eacondisti; the
wat ef,craf t FIOML The nethod deggsfbggsgéggg S4ndrpgnse
be 1odi Fi1ed By 36105 ngta di%i RYTRYS! | ahgeals athem the
t haArerherescr ahti kb, casry hensonae ﬁﬁﬂﬂkxiﬂgyiggeopagis
R e

VEEtLE oAt boc] Pagt bl ase, the' sanme nethod w
carried %%t Wt ?%egi %%g%tion sector rotated through

90, and with a beam fan rotated through 90 in a

CDi & esRORBIINHIBINESad 22hsvELA Ay et hod. f.or
produci ng a_ sonar irreage of "an SaQﬁn%%sr(\)Na gfnéorcgjagj(%)su‘:h
usihg o _n%?emm?%% tS @arPrebcdyrahomt ehenattbetiastan,
twlamseni t hongzantebnabedd) forgiem@si g ofsound pul ses,

aj V] ant enn 19), _ which covers a reception
£d4 ;% %??Eor an ?8&@3? In this case, the digkance

0)

sector (1 a see
Ay between the measurement points 29 must be very much

shorter, thus resulting in a reduction in the maximum
possible speed of travel of the watercraft 11. However,
in this case as well, the horizontal beam angle @y of
the reception sector 18 of the receiving antenna 19 is
made as large as the installation conditions on the
watercraft allow.

The method described above can also be modified by
using a diving appliance, rather than a watercraft 11,
as the sonar mount, moving on a vertical path. In this
case, the same method will be carried out with the
reception sector rotated through 90°, and with a beam

fan rotated through 90° in a corresponding manner.
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angle ((pB), for receiving sound waves scattered back
10 fromthe underwater area (10), which underwater area
(10) is covered by at least one directivity
characteristic with a predetern nable beam angle (p),
in which the follow ng nethod steps are carried out: -

a field conprising a nultipli%® ty of area el enents 15

(26) arranged in rows and colums is defined in the
underwater area (10), - each area elenent (26) is '
all ocated a storage |ocatgpprih a storage . nedi um (27),

- the watercraft (11) is noved over a preferably 20

li_near path (28) with the reception sector (18)
pdi'nt | Ay ME b rfissamy cshvdriog 8o spoetr, imagreososnd pul se

|$1mdaar®@¢|aar0a§l%a€ 16 pdysingsSyc v ef.er abl
ui distant, aani errgnltl IEJ%I% §Sﬁ§5 %&185 thé I’?d by
(28) "ShE I CAPfér béPsg 25 §Eé¥l%1é¥7éﬁllb%ckarﬁ¢@ma he(l5) for

usdénwaber & esodd) pui Ses d@h@cbe&e%@qvmbt e Yz tl'b%
d‘w%%‘“c‘n' Vitye gharagteristic as a recefved g P

tude va e Ts (?ect ErmicRed>ontthe Hddi sWéEh tae sector
p6§igt1ieon ) it h&oar eze @ ianery eaﬁl)ldl waes fEehtteddd back

rggb@n@{ eachchRasure p fromthefllter
gﬁz obt ai ned by %;éhen%%te?:lg Tor IndaEe beba area
nt t26) %Y%Jﬁe@s Rt at e V\Alﬁaﬁttheoner egldﬁlﬁre@:ﬂ:ﬂxﬂi&y

acharebtar—:remtstﬁbelvdlmouad%ﬁe@)éttegglmgggg q{ggrr{s (gi

V\Eg ﬁhﬁgﬁta{lt¥iaracterlstlc 35 1in rp ?36)(P
are curved if"a"gi Febhad S%%%%ear%r%a@@}%itmt”to

one andt Aéelincoheriadngl a dulechioniapdoextend L9hRRL s

field region. £s |(A178the ield regign are orrreg[

“with a 235 pr edetgerm nabl'e radial W atA> mﬁ&sed%%]é“r? in

radii bfe EH?@EW@F@ra@ée@Iefl@l)ed by time values which .
are taken fdeéatrgqgméﬂter (Skgna tipli
. (Pt S G R b pEagte

t he Spg ed sound, and the ter Si gn arrpl
val ue assao%%%?eﬂnv\?tﬁt%%%%e tTeREL WAl /) t hat is obtai ned

is assotd aedardrdafachlaleas moved over a preferably
linear path (28) with the reception sector (18)
pointing to starboard and/or to port,

- one sound pulse is in each case emitted at
successive, preferably equidistant, measurement
points (29) along  the path (28) and, after being
scattered back from the underwater area (10), 1is
detected and filtered via the directivity
characteristic as a received signal,

- an amplitude value is determined on the basis of
the position of the area element (26) iﬁ the field:
region at each measurement point (29) from the
filter signal obtained by the filtering (25) for
each area element (26) which is located within the
;egion of the area-element field bounded by the
beam angle (@) of the directivity characteristic,
in that strips (30) which are curved in a circular
shape, are adjacent to one another in the radial
direction and extend to the field region

boundaries in the field region are formed with a
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el ement (26) which is located entirely or partially
wthin the strip (30) defined by the tinme value, 10 -
the anplitude value determined for each area el enent
(26) is weighted as a function of the specific

position of the respective area elenent (26) in the
field region, and the wei gﬁt% arrpl |tude val ugs areh
witte tforage lLocatjons allocated to the

ar ea régeﬁggmj(%%ffang %lﬁ‘lt Ke ProceS¥ st Huded 1 b &F
st or edcuyakerehiaste i sedlineddyby n ttilhat stébnage which are
| ocat i @cer- £FB8 E‘ﬁ%h@di,l@érc!s'i‘hﬂgg Eaﬂg %%En}n&lFiglleacgy

t he 20 osition-specific wei
val uest®t £R&csr el eﬁ‘éHFd(26)anﬁs e | eﬁllbmrl nssgohl

a way iﬁpﬁlt@@@hxﬂﬂﬁkitdﬁ@o&@bﬂ@dthﬁﬁjiSe@§§°§hﬁﬁ§dvalue
W th onﬁ ar ea ecmant 26) is multi I|edb an area

wei ghtl Ny f act or° tlikegsﬁ%bﬁ gd ofWJttH‘at each area
conponehtmeyfit t he(QaEr)ea vhi2h t hies ar eaca’/céﬁegter(ta&)el\wl cBr
hi St or ca

:receptcggoﬁgs%%is tqultét}ﬁnvve%é%t i éé@ E% %ﬁ:rhe‘j( akds the
accountimg Y%Jéiﬁ?eceptl on senS| ti VI ty of the
d*reCtﬁNétYa@ﬁﬁiﬁﬁagr'§Elﬁeatd59@rm£9§§t'9@r0f?égﬁ ag?éa
eIerrent 3. The nmethod as clainmed in claim1

2, in ér%?f)‘ th@@r edSel BReHEeE 26 afe SERriOMWI PR ahhe

edge |srgtihfiahpboBiitsonn df]e;changc%s@fec@é%lsla&% lrélgéﬁént
resol utdon, . efea ual_to the radial resolution
and thg@S A& & djt% %‘ggjt% stt% ps (30) is designed
to be @tﬁjaweltJbtﬁlde agsliirtettler adi iles espbutirdnted. tA the
met ho%tf&fac_l?é’ OQHEEEQoﬁsS%afodal&gf of %g Z%re%ndgfgvaér?{s

a sonar which 1s carri

~area (] usi ng
vvaterc(:?%e)r)t aﬁgs an r’é%%niPFPlcﬁ@Santaé?ﬁwaa@@L%q t@r a stored

em ssivoof o il Sese o i resR \Yig-ant enpa (i),
whi ch covers a reception sector .(18). with a sector

angle ((ps), for receiving sound waves scattered back
f2.0m tHes umdehwet ers acéaifn&@) ,imhcthimnder wat efvhak@a the

position-specific weighting of the amplitude values of
the area element (26) is carried out in such a way that
each amplitude value that is associated with one area
element (26) is multiplied by an area weighting factor,
which takes account of that component of the area of
the area element (26) which is located within the strip
(30), and/or by a reception sensitivity weighting
factor, which takes account of the reception
sensitivity of the directivity characteristic at the

location of the area element (26).

3. The method as claimed in claim 1 or 2, in which
the area elements (26) are square with an edge length
which is in the range of a desired radial resolution,
preferably equal to the radial resolution, and the
radial width of the strips (30) is designed to be equal

to the desired radial resolution.

4. A method for producing a sonar image of an



underwater area (10), - -each

(10) is covered by at least one directivity
characteristic with a predeterm nabl e beam angle (c)),
in which the follow ng nethod steps are carried out: 10
- a field conprising a nultiplicity of area elements
(26) arranged in rows and cobgnqe is defined in the
rea (26) is aIIocated a

perRan et Mol S ENa0 AOARHY o e et o
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watercraft -(11) 1s nove

| (28) YRR GRd trec &psi on sécﬁostIS}ngpoamteM@ato 15) for

I ea
Skﬁﬁhﬁﬁkﬁ1aﬂﬂ/§6uﬁ@ PRI Lkes- aRAC 5 Sg%%% iR’ éﬂl& (ﬁb

mtted at successi ve,

3&5 enBRYET30 PoitmCSAEEoP aP@ﬁ@OFheiéathWGZS)(an$ector

Cror e el Cabterﬁ&d@?ﬁlwr@mae IR WSLEELBEES back
d an ilter Vi a e

g%g%gblg??s?$§£%§ 25 FectiTRd ¢ z%énaJWh%ﬁT‘aHBﬁFFUaEeVaF%K?a

i <188t er iBnedconetrd@ bdsis aeft 2%etbe po&mélcnuﬁﬂedﬁyalty

ot oaent (30 T e TR SRSl Bet s i

measur enent p0|nt

byt HEIFH £8Fi & @léga)mgometéa@hs*aﬁea akeneatr{&6)owhi ch

I S | ocat &d eWdt Rich Eﬁ%ln@eﬁ|%%lQﬁﬁﬁ %1%§e§fel%%%neléﬂgﬂ%s
boundeq EX the 30 am an %% th irectivit
characterlst%%fanq Uit st- éb ?m@@ﬁuﬂﬁé ééht@¢f£Q®4)ln

of eachhar eadeelvenent a¢26) (mdfhin the field region from
the cgpber RNt L) the 5 <§?t'9? sec O%ﬁ %Sﬁﬁgﬁtggn in

determ ned for eac area enen 28) °
fiel d fe§FBH298 Fﬁﬁéumalaé is calculated fromthis

usi ng the speead-ofasound;)andst he anpl Ltude Vabrefﬁgably
whi ch i s associ ated mnth that tinme value 'S
fromtp\e DPRFt &2 ghaf) f o téachlei mecemtien asectier (18)

aSS|gnpdlnblh@atoaﬁearbb£ﬂ@nén£2@ﬁ td heo@npl i tude val ue

d area el enent is weighted as a
?ﬁ%ggr%ngofggﬁnsa spe%lf%é p%gltﬁéﬁhofcﬁﬁ% r e8pbEefveat

area efe@epssive, preferably equidistant, measurement
- points (29) along the path (28) and, after being
scattered back from the underwater area (10), 1is
detected and filtered via the directivity
characteristic as a received signal,

- an amplitude value is determined on the basis of
the position of the area element (26) in the field
region at each measurement point (29) from the
filter signal obtained by the filtering (25) for
each area element (26) which is located within the
region of the area-element field bounded by the
beam angle (¢) of the directivity characteristic,
the distance between the center (261) of each area
element (26) within the field region from the
center point of the receptioh sector (18) 1is
determined for each area element (26) within that
field region, a time value is calculated from this
using the speed of sound, and the amplitude value

which is associated with that time value 1is taken
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(26) in the field region, and the weighted anplitude

values are witten to the storage | ocations all ocated

to this area elenments (26) and, in the process, are
added to a stored 10 value which is already in that
storage location. 5. The net $§ as clainmed in claim4,

in which the position-specif ‘wei ghting of the
anplltuﬂgoﬁakggsfgi th | enent 6) is carried
out in such ‘%ﬁ t hat %% gghg%ﬁpF??ﬁdE %%Iﬁ%l?%atan§ is
associ a?%%ll%?q”n e-lleanr el enlemter(t26)26)s nul tiplied by

a teceptheon sepsithddtyvayed ahhing rﬁfﬁé r }fqﬁ;' Ch 1 8KeS, rea

account % he rggsptlon senS|t|V|ty
di rectiVity char&er 8t i%eHdntafk asocat ifomafiarhabf the

ar ea el%m%¢ﬂf%26posiﬁlﬁn Hie ﬂméh@@s%éc%hi?gégﬁﬁgrgiéhent

4 or 5, ‘MH‘Hhetfl a[ ea el ement s
with an e ge |l ength €h§1§"ﬁe§§m%han or equal to the
desir eotffeadwwgh?%@oampul@mudes vAluEe aed hw@llaﬁeﬁl gidredy o
in one fored nﬁ) oup

il Modait e hinoubich €OMRLEX QLOUD -, rents

S|gnals egtaln beanforn1n are
S|gnals Thénnéﬁﬁbdpégc%$%4n@d8|ﬁuhhﬁio¢ocbanﬁ$oﬁed

to 6, ivalushiwth chhd st iameepi gfhhetggttggoggggligggtor of
the square of the nagnitude of conplex group S|gn
whi ch have been obtai ned by beanforming is used as

récei véde shghadd. a35 @l ailhed mehhadl isn chai med §R; 0A€ e

|l k — 1 ’lC el th | !
Qpocimih bpkidic he iihg 1 "8 b%ﬁﬁiﬁﬁ?‘%gggﬁées of

gnals t hat have been i nod
&g gge@e@&@@§@t3|éﬁé|gs caggleQOOufhanthbhdaa&ay that
Cbacheémplxﬁdﬂén§hlm@ %ﬂh@hlgh%ségg¥3# nake area

s at lin quenc

d?gg%nggg § mg n;a nfnpgaép §HalPY safirﬁt:@pb@onbvemeam&vdfty
avPlLABAA NGy Sleernowhogel grer tadks brapsher & funct bQReption
F@@ﬂélglvmkyhkﬁftgﬁel'&qgéhé¥gfafdcggrggkgrggtlc at the

location of that area element (26).

6. The method as claimed in claim 4 or 5, in which
the area elements (26) are square, with an edge length

which 1s 1less than or equal to the desired radial
resolution.

7. The method as claimed in one of claims 1 to 6, in

which complex group signals obtained by beamforming are
used as received signals.

8. The method as claimed in one of claims 1 to 6, in
which the time profile of the magnitude or of the
square of the magnitude of complex group signals which

have been obtained by beamforming is used as received
31gnals

9. The method as claimed in one of claims 1 to 6, in
which the real parts of group signals that have been

obtained by beamforming are used as received signals.
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12 "The et

negative and half the positive'sanpling circul ar
frequency (-7t/2T and +E/ 2T, respectively) is
proportional to the nagnitude of the circular frequency
w, falls fromthe lower limt to zero, and rises from
10 zero to the upper Iimt. 11. The nethod as cl ai ned
in one of clainmse 1 to 3 and 28 a m 10, in which

dil cre(ﬁ%i me_val ues are searched for in the filter
S| S’nm, d"EhBOHe&® ralpimed 15" elaimtGre 0of whéch the

Stmeigps t(318) awhiredl ca® Bempssachat &d s Wishh o Cfﬁ.n%'cé.lle of
va_LI/l.fes A £ cnael cClIJ:JLSaée by means of the “speed of o_uné(.
150 5 A Fred T GIGROe aimhad tie & ldidred
2&ycl Beana0,00 nawhiiokeanpkiybude waldies BBEBABEE transfor
agseciated wdiry he it |.ues. cal culated for the_area
el ement,s%( 26 éi n)ttﬁ:ércklgﬁt \e@esﬁglﬁ%%sariea%meatg ned Bglf the
i RCERpOIVAt | oiid 25haBE Thhenerhsdtasec! aampd ing ong refalar

ClEaiemmehcto 12(-7 T Whi ghyt he gy of age gﬁg%%gigf?l%ﬂg is

sggra e, nmedi ;m %3%3 normal i zed at th

pAERPEPS8) Of'fdy &e M1 Ghgeeodr &e CLrculd® fheqlkemcy
et hothlass cf somedhin leh@irm 153 o e | h§n% rises from
noppgl Lzatian arried out in such a way that each 0
the store h\%aflgéggcgﬁfné?ned in the storage locations is
di vi ded by the sum of the squares of the weighting

factorshbngluded iy the Lesp [ st.or val ue. 35_15.
Thi et ngd as ol aimed in onee'%# o\é]eeaioré %P?J&“S_Mf fp 3 and
whi 8h™t e rr atif al" 1ol 4t peFets &ime2 vailese erésstheched
speed ofi sowad fhivatersagwht] ishd heppul s duratien of -
24, Lhe sQu q_: pﬁ}léges em tte romthe transmtting -

ant enna %1 : > ThE RSt hotf las"RE &R mE@™ P@nasepciated
cVaisthope 15md nvabuawi eheacuertieabddent haldie £ Z) he
| spdel e A pegh@t each neasurenment point (29) by
interferonetric neasurenent for each area el enent (26)
at right angles to a horizontal reference plane (36),

slzh tfteé hbfhod as claimed in one of claims 4 to 6 and
claim 10, in which amplitude values which are
associated with the time values calculated for the afea
elements (26) in the filter signal are obtained by
interpolation.

13. The method as claimed in one of claims 1 to 12, in
which the storage content of the storage medium (33) is
normalized at the end of the path (28) traveled by the
watercraft (11).

14. The method as claimed in claim 13, in which the
normalization is carried out in such a way that each of
the stored values contained in the storage locations is
divided by the sum of the squares of the weighting

factors included in the respective stored value.

15. The method as claimed in one of claims 1 to 14, in
which the radial resolution is c1/2, where ¢ is the

speed of sound in water and t is the pulse duration of
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anpl i tude val ues which are associated with the area 10
el ements (26) and are obtained fromthe filter signal
are witten to those storage |ocations in a three-

di mensi onal storage nmedi um (38) whose vertical address
corresponds to the depth value (z), and such that, at
the end of the path (28) travel ed by the watercraft 15

1,?1%1 torgd val ues whj ch are contained in store
unns PE>F GTIEd Y 8T dgee | bear bt iror atwidenna

_veHZ cal I y one above the ot her in the storage nedium

(38) are normal i zed and are accumul ated to form an
n]tqernm ty vaI ue and the depth value (z) associated 20
W Qi 135 val andgd Jdetcerenmtédcltsmﬂg 1 to 15, in

stv\aﬁjcsilacadf ﬁﬁ@m@gsdg gmtv or, tor ed val ues
| eeaaSch st o?e col um. f) E(?.Eggnet odwL ARG @t each
S RTETSIT WAPERTt h%29 25bféeﬁ@¢@|r(fem0nmdllan mfa e ment

stfored esahuesreant ailee@nitn a26$t 0xe CQU?JHEI | $ng1 o a
d as th valu 18. The nefhod as clai me
%to%ﬁgo%%%é orgﬁgggeﬁcﬁhl éﬁ e fePérencd Pl anehiyB6) the
| STgafiitiee sviehuehatwh heh saured a86o¢eepd i QA thoc@td O oz
ok 1thenicRt erf@r o ri cated on the

X n { i gﬁ& a%e holdorg\slcg?al ﬁgdeifn sgregal

reference ane
of I8l al st 480t ot018 thQSﬁa \mt@hageme Imddeiroraf tihe St Qhage -

| ddaehensnian a;tsiﬁgfé rﬁ’édﬁ&hu 8 n the basis
038 01V‘vqt(é%b gl recfl \E/I TEsSs

0 rtical

cfﬁgﬁrgg é?lngtsl % oft %e e%EEeI é‘&H@ dritfenrind 19)ctantghahe at

nme8surerenpfactr apytbf (2de tﬁgeéiea?r@ ragede,gttlgrc aft
asyremgd . ¢ 0. as clained in one o

”Q ?lns 16 tg 19 §re§ n A |eeshn§hjsce ofid ®r B NARGdantenfiore

(E@ Wpg &Pd\ﬂhdedreféprmﬁﬂelbﬁ/erma{g@ ldeasﬂcbzeﬂembcél‘&@d

| seatiaayed ahea y@\pél GRle he first

rgggkw g ant enn g 19), and t%g ept va? 4G ) mgfdumn

d nifed By~ &szﬁ neRe @#ie evacuatilenedf el dyprii man

dintenehces vatieieweeantjhetﬁé g% hr e¢gl yed t

r‘egehw n&a@nt enll% 9 19' 31 lp?ito 21. The %\ét hggsw\?ated

cl ai med whieh%the 15 determined using
statlstlcal methods from the normalized stored values

in each store column.

17. The method as claimed in claim 16, in which the
centroid or median of the stored values contained in a

store column is determined as a depth value.

18. The method as claimed in claim 16 or 17, in which
the reference plane (36) is defined such that the sound
reception location of the interferometric measurement

is located on the reference plane (36).

19. The method as claimed in one of claims 16 to 18,
in which the number of the storage locations in a store
column is defined on the basis of the vertical beam
angle (@y) of the directivity characteristic of the
receiving antenna (19) and the measurement accuracy of

the interferometric depth measurement.
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del ay-tine differences are deternmined by correlation of
the signals received by the two receiving antennas (19,
19') in a tinme w ndow which in each case covers the

same time values for the two received signals. 15 22,

The method as clainmed in one of clains 17 to 21, in

whi ch the receiving antennas:¥ﬁ92 19'% a{e. |din:|cg£. :
2 3. , hai.med in one of clainms 1 to ,
o e T 00 35 EABHERE o OB The rlepei an to 10,
set? ofish gdesiagired tredeliving argeensat Heor pstial | et ended
aliawsinandrethecbeal aal e (b ol ffe direativily o

i st] f th celving antenna (1
0 Bk L5 e 2876801 bhoangh ESE( By e ancennz
mettd asrd aitmed ﬁap@negefal@le@i g2y t?f‘%;i%ﬁiﬁm&‘?@ by
t £eel v enna {19). cover mul t
d?%gitlvf%%ﬂ%hggéct%YﬁéT?%%?nmﬁﬁihgﬁﬂéYaF%%ﬁgéﬁlﬁﬁﬁﬁﬂﬁces
r 1Rt hd Heor mighafians repeébredabby wilid the sare-depmg

a , 0s@-3dded beam angle ((p) is designed to
bgghggﬁg%gt%M?hzgggctor angle ((pB) of the reception

sector (18), and the sector angle ((pi,) is preferably
desi.gnathe tetio@sakarye iaed hfn' e%%}n'()?to'zgnir?kb&ﬁmggh%e

h clainmed in claim?23 _
t2 Efee%gltg ﬁr{e(”tfs%dﬁf?fsa?\?%&sbf%éi%r&l@ﬁﬁf PY( EPrredation of
désiegredniad sheeate iveas bys uiifd G:imlﬁzntﬂe)btéi%gllgg &ialgteggl\%gr 2(39,
el t 5 ' rea.el emen [
ZF@?éa§?v§%cég y eggﬂagﬁdgﬂﬁéﬁhdh?yeéﬁ e fi82) °BY S fie the
r §C8Ft FoRes¥elyps( £8y. the26woThecabrhdds agnalai med in
claim25, in which the path (28) Ls subd:yldeg |Pto
ections (281, 282) which are aligned a
ﬁ?%hfaiﬂafgﬁt@8doﬁ§ & H%??)lan@néaéﬁ'ﬁdﬁﬂﬂ§ecl?ono 21,
(281, wgh i stdesi grekiaide sytéhgientlyol ongighat .o
eagh,atea el ement (26) in the 10 area element field is
covereg at "'l east once, fromeach path section (281

282), by two side boundary edges . _
23. The method as claimed in one of claims 1 to 22, in
which the sector angle (ps) of the reception sector is
designed to be as large as the installation allows, and .
the beam angle (p) of the directivity characteristic of
the receiving antenna (19) is chosen to be equal to the
sector angle (os).

24. The method as claimed in one of claims 1 to 22, in
which the receiving antenna (19) covers a multiplicity
of directivity characteristics, which are arranged in
rows in the form of fans, preferably with the same beam
angle (@), whose added beam angle (@) is designed to be
equal to the sector angle (ps) of the reception sector
(18), and the sector angle (@) is preferably designed

to be as large as the installation allows.

25. The method as claimed in claim 23 or 24, in which
the path (28) traveled by the watercraft (11) 4is
designed to be at least sufficiently long that each
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(182) of the reception sector (18). 27. The nethod as

claimed in claim25 or 26, in which 15 a plurality of

paths (28) traveled by the watercraft (11) are
arranged in rows one behind the other in order to
cover a relatively large sea grea. 28. The nethod as
claimed in one of clains 1 t% 27, in 20 which the

er _axi 18 f. ~ i , OF . 8) o
PSPER! KRl e g SEEPL) SLRB F el Aok, goveres
aPitgiedsat wrangy ecafhogide tranidemyi tasienal 1&X) sobf the

t hecwatenrsr abttbtl)is) . '

26. The method as claimed in claim 25, in which the
path (28) 1is subdivided into two path sections (281,
282) which are aligned at right angles to one another,
and each path section (281, 282) is designed to be
sufficiently long that each area element (26) in the
area element field is covered at least once, from each
path section (281, 282), by two side boundary edges
(182) of the reception sector (18). '

2'7. The method as claimed in claim 25 or 26, in which
a plurality of paths (28) traveled by the watercraft
(11) are arranged in rows one behind the other in order

to cover a relatively large sea area.

28. The method as claimed in one of claims 1 to 27, in_
which the center axis (181l) of the reception sector
(18) pointing in the starboard and/or port direction is
aligned at an angle of 90° to the longitudinal axis of
the watercraft (11).



