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Brenen METHOD FOR PRODUCI NG A SONAR | MAGE 5 The
invention relates to a method for producing a sonar

| pB@es9fpan underwater area, of the generic type
defined 1n the precharacterizing clause of claim1. 10
CHeckmban BonaPO08yst em whi ch operates on the basis of
an ultrasound in order to produce an inage of an
underwat er area (UST4AZ88L8BBERONEEsGmbENd pul ses with a
hi gh tine/bandw dth produci,de, good range resol ution,
and an imge store which is organized as a three 15

di mensi onal dat abase of the object reflections. A sound
transm tter NEEHGDN FGR P INELCNN andonyrlsacgand a
sound receiver detects the sound pul ses reflected from
obj ects, as echo signals. A nulti-beanforner or

b ﬁfbﬁﬁ%@chmchelete@nhecaemedbmnsfoeaprbﬁonnhbeaseundr

20nageei yer AN GONK S G NUMTDAT, OF heany Or (MlLRGL ViLY,
characterjstics, which spread odt ﬁ
r%%Eﬁ“?%nl%e%?%rp%?C@W%%m%rcm%rm‘ eitﬁétlsm aiL
nult|pI|C|ty of echoes for in each case one angle

§§$ t|on cel |, whose horlzontal wi dth is governed by
28T hE"REFi ZSREAl DEEM™ngr LSt oPPERBLEF r 88t WA yoasis of
char actterdstirgd  The echkiersi goal sradeceordrel atede Nof  an

CoRdeLMOLs MLD st or o PAEEPT NSO LS SOUIRLRY! S8h

ti me-conpressed ses F odUce
d@%%@tEl@?/bﬁédEb@Fbl@ﬁ@ﬁ§cﬁoﬁqmwﬂQp¢E¥ﬂmqﬁloasoéhtson,

3hd\n drﬂagﬁiaéjbor@té?é:e'v%?lscﬁ h@souéi%'énpyééesﬁsf rq Eﬂfee—
correl ators ?ngenera s a three-di nensi onal database

IFﬁéig%H%bs nmof @PieEt oFeEbetbiens i nesspeRrd
elzicdn srangee i eld ranksittandar d peenput-eandoaphpesstechahguey

Fotngtclon (L0 A0 ORELCR | TIRI LSO SVRS3S, v
i EHRGESH ng2an @b]h@ct sP@A4aBIW) ADeceribier-dsanfilher 2 or
beamformer which is connected downstream from the sound
receiver and covers a number of beams or directivity
characteristics, which spread out like a fan, in 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 image 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 technigue
is wused to form an optical' image from the three-
dimensional database, assisting the operator in

identifying an object.
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It is known for this so-called broadband sonar
transducer technology to be linked to signal processing
for sound-reflection tonography for identification of
UQ@@(@@Wﬁr mnes, in order to obtain high-resolution 5
I mages of underwater mnes froma safe separation
dPstamberob, 1800 to 200 m(Br+an G Ferguson

4"£gpllcat|on of acoustic reflection tonography to sonar

gi AF', nowitoudPr SdéLisAmsAIHB)ed Mahroadbanpagesnar

29i5n§@u8838iechE@E059|§opBEpQ§ﬁkeHh%o“@ﬁ%ﬁ%ﬁaEEowgb%Qng
V\EPI S Carr the sonar has to nove around theée m ne,

Eh Sr%@ lc?é:ttel&%d FRATERRRY ffogd tPertification of
condentavaal mmmmr 1f10r01§ii@8ﬂ‘1‘prt© bybt@eans hakha r&sBeution

h that th ecei ve_echo

ot BRaPd SOER unddaM e, i e P o dirier eebazasien
1€lath@§ PonodP8phire rezonddd uchi ofBalgor i Ehns Farguson
Usﬁgﬁlieagiggusg QcEﬁthbn§@§18B@H hnggﬁogFaﬁﬂgn Baggnar

e mne, fromthe received O

kh%@\ﬂl%thocf -f FEPrTducP Py allhr éé—7d|5ﬁené‘ﬂ@ha¥00@0 pages

| PRYE, tehixdpg eprp@@ntalbh@u&ﬁo@@ urgnhOf wafe HOELEMALEH ch
envi r onnent ans of sonar %{S 5 200 9

un%eﬁmﬁ%ﬁlW%g Bﬁ i L dFdedC QY%rﬁﬁPPP§HFHQyméﬁe'
|MhnchcaHuﬁube$an1chdamecaedang&ﬂdln ¢ ovess iahiceCol umnNs a

%&Hvéﬁ@?@ﬁélt %a%@l%ran%aﬁf o MR eaﬁg %g?a[% bg' A9 a25ﬂme

| ocat ed one st oragé ocation rn a s parate
hh%@%@@@nﬁ@raﬁackns@a@@éréaabrthefsea@ronadaraceivehecho

S@D@ﬁalé‘p f pe gt gt Bﬁorﬁt 958 i‘n%eea@Bofnnamﬁéréht\/\’QbﬁBct
k-scattered orlglnates,fronra vol une

eR9EFar cdORPPRR g G MGt ELieh, SRS Wi hused
hes phedhitghest:wor-oliakinsibyaof ibeigeg dhetHocatamn 6f the

tﬁfﬁgac§rgﬁaﬁﬁ§r£ég%iggéha:u derwater environment in
eac

fow and colunn Ts es éﬁ%&iLand the specific
cubes are conbi ned, using a standard i mage generation

tﬁﬁhﬁhgu@md#%fﬁ%@%@d”@BrOfﬂdH%dﬁﬁ? Eﬁ&e@nﬁiﬁgggﬁﬁhal

35 One knomn nultl-beanrsynthetlc aperture sonar
0575 9648NA0R REBTESEBREr UheoBAUSI UME Of e t YnderEater

ségnit Snmélel, abffultdarikeadF Sandon=zeCce{yer sWiggh §eoei Vese
ZgédgEﬁgker 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 established, 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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Decenber 5, 2007 - 3 reflected sonar signals which are
created by reflection of the emtted sonar signals on

objects in an wunderwater area which is "ensonified" by
they sonas  projector. The output signals fromthe

mul t1-beam sonar 5 receiver and the data in the

'tD%Q%mb%%l%n 49Qnhal from +the sonar projector are

upplied to a synthetic aperture sonar processor. The
p¥ Bagrd pr ok sesIrhbs eV EFlynare (aﬁ%la*a%@abmrﬁﬁlectlon

Scyﬂt hehec %ﬂ?rttt@ﬁe aécgcerﬁthﬁgnaml(e) SQHaEbS_])é%tt%m alrsohan
has.,an interferonet I‘OCGSS\QI‘ C ses the
OSSR S F T HELEnt her RS TG sofr Che. soRS
PP 0T ESSOrr USTing mutpmtesngnal$cfr@mgbhetMuttlfhemmdeonar
t ve tter v | C one kn

Peﬁém$ora§§t t&ﬁm.%ﬁr%@t tkgen#ﬁ g‘{altsu%lg’ Bsy e BT
atl%ﬁ?nt penft apeptgeeoradare( SARPRUISI g§97 B02sBlfhetic

tec Fadad SENPLS AL PEOEESSRE HPoEQE TP ¥BbSess@RdhBEe
stored glxels rocessed in order to extract a

t%&%ﬁﬁ APLy téhduﬁgggcﬁﬁ@tpﬁéﬁﬂf?Rﬁﬁq%ﬁ?ZB lgorithms.
al'lger Ebharasegsappl izad ot Oiatsh&areXiﬁﬁ@fﬁélrdSIaé’gsz faﬁbcéssor,

flrs and a second.cl ass tion of rge
tHeT Eiho FEAES |caf$bn PBSBP?S éﬁ% futl§r mﬁ% ﬁgngﬂetlc

vmmﬁrmwr¢n opderrto ipdEwEsiHPt he wxtnact edntargerom@bric

Tilf%a)plv@%éon ks based.on the objecl,c0f snacfyip D98 cal

od for producing a sonar inmage, by nmeans of a
el WhtRR wat er area can be scanned systematical ly

Mﬁth hlgh p03|t|on resolution and which is independent

b d/ th
b e2fe RGNS EoBR FSE: cOCPBRRRS wPrerh thetFaloperbnn
S@wtmeanﬂcoﬁrdlmgnmmethe|apﬂﬂﬂunm1radax(ﬂﬂkﬁm (B 6 897

a§@@e§fﬁ byhe ﬁgdgfaégﬁgés %r&l?%gﬁéssgé ggeng%h§9xels,

according t e i nvention e advant age
uﬁfifélfér\ﬁéteerSﬁpéﬁdofpﬂa?rﬁyl%e@fﬁedp§?ﬁé0@9ﬁ5%@ Jranmegr to

VéifkiﬁﬂharQ%.8@%‘OﬁxsﬁligﬂtaQEJQ§t§e¢5h&h§dggﬂiﬁi¥gklon
Qﬁﬁﬁgpf{hmﬁ 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 image, 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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underwat er area and/or the surface of the bed of the
underwat er area can be recorded with high contour
detail. It is sufficient for this purpose for the
vwedersradt which is carrying the transmtting and 5
receiving antenna to nove effectively in a straight
IPefeeeRRr o sptific path,” vhich in turnis dependent
he extent of the underwater area t cover.ed

b
A O hedh A T R heR S Mg obehrd e Mene
posi¢iateesalndd orcanf tee wederwatier wvatba hnghhecdftour

ét‘?ﬁi on qf travel cks-dependent aqn,the ‘?: %‘s%”gkgrang e
d and

e nunber of directivity characteristi beans,
dereeioraies Wsithe Fadi @@rrﬁh@@ i Blee ea*é?é%nsmhtEbWﬂranld

teddigind N dhereasec8f ddhe metrhadrageoyding to thLaight
invention, the position resolution in the dlrectlon ?

1511% aQ8F T & iSRRSdidetal t KR16RadPadyi™® ofS t Agpen dent
dcbrli eeheve&yteelharoaﬁ:tﬁ{é stih@eraadet sageastantbeovesvemagein

%pe deq} 8@|ytonvt£ Q§9 Rgdekﬁgwﬁlq e%%%%%t the
?e |nter covereda ? at O say on the Sect or
MEtPBl ofr¢$relu@<mpt iagn MOmn@emhéemecemanglzo the

qyff@%%ﬁoﬁlofhkggvébeléaﬁﬁﬁ%%ﬁ%h%'dﬁtﬂH% %ﬂgﬁﬁm§$§16 and

area are consi der ed e recelvin ant enna whi |
t Hee WAtBPRF aPf ijér??Biféﬁhgc%@é@CF%ﬁ%S%Ja@fh oy nb@%rﬁ%r apnd

t e @ehd eyvedd /eaﬁoﬁBh%@@diﬁﬁOkﬁhg@nlhﬁr%@§$§ll rEﬁgt_@ﬂtﬁést

trav S caz n ere th e 0 squn

55 Chifar ThndPE IS Thehul"Be diF At bn 6FOEE Souity The

pudnsmtlorht tBej pstidsonnpestdntibo dmodde tderecimber of
Sur eme nd t-hus.,the e Wt hi

%e a}gpe%tg a%hfj Fﬂ?%?gal of fatehegu Ticl entﬁ}% aréé\fe %He

T%r%%@pﬂbnc}é@é%f@e@aﬁtb@ c@%r &8 Bynpeant oPHEAgT AR -

arpl ursal aépfe@éerb@a@s&lgr &t r eebi Mhidghchatacker itgld Csspect
V\:hICJ; ar.e agjg Eent to e nother i ke a fan on the

PIRAPES of RAECR 1t HE Wk 'crE ti ¢5ndA n§2Y a8a uPECEPT
whghe tde pd@si then reseptiidsmon dectidre diff eeheonretedsing

travelnls. Jot Chaﬂ‘g%%bdesgmée |41 R NGy PO bhﬁdé?water
i ACFease’ the dIS ance etmee e neasur enen

aided heref oY ecndhedspedt b rovenercedinbe a;rtdae“mﬁat ehile
208 SIW R rcraft is traveling over that path. In general,

the achievable position resolution in the direction of

travel 1is ———/mn¢3, where ¢ i1s the speed of sound in

x

water, and 1 is the pulse duration of the sound pulses.
It 1is Jjust as 1mportant 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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Decenber 5, 2007 - 5 vehicle. The nunber of aspect
angles fromwhich an area elenent in the underwater
area is considered is then equal to the nunber of
beeasspfipgdirectivity characteristics in which the area
el ement appears, and 5 can be controlled by neans of

t hecemaeanze &8 een the Treasurement points. It is
sensi bl e to choose the distance Ay between the

nE&R 4T frent %oﬁW%EJEoOBeaSPaﬁtl@ngi@% srem yhigh)ang ggea
1@sémenz 6 nl0:-henadKrivatkhe anwses s okbobeaaered is then
directivit aracteristics [ h cover the reception
sector mﬂ?% %ﬁe horl?%ﬁfal %ggtoﬁﬁgﬁble CPS$ % ﬁg£lvfty
exhapieter it uss assumbichatthehea resc epl érment 15p13e@1:$)r sehd
t rece n

W BnC T oS red i T Eound pulbes W TS Baflen the
d%?%?@%ﬁﬂ%ﬁtl popnys s, Thi t hSt hecBFshPafcet et GREASEhethe
neasts eo8 M, wéltme%rbe:lﬂ& masulRech@CeioYinfig ant gana may
have a set of beams which covers the recepti on sector
20 and conprlses 10 beans or directivity
characteristics, each of which has a beam angle of 9.
Assumi ng t hetan beed ©Of sound to be ¢ = 1500 m's, this

data resd) € 'D ion resolution in the (1)
under wat er amE%%]a- %; direction of travel within the
recepti on sec t/ of 25 40.6 cm irrespective of the

range. The maxi mum distance Ay between the neasurenent
pehats, ®Whids stioul dnnobebe exceddeths | soabodiréc85virty

I he ho a a Iy, u

SO U T Crou T ARICh (Y Hngtlar HFeeoraeror or fher toh
uﬁ@@r%@f%@o%ﬁ%%1%@¢¢@¥lQmﬁﬂﬁe%eptlon sector is governed
by the beam angl e cp of the beanms or directivity
characteristics t S position resolution in the

dPY ed@¥orP ot SERER Ie'of 90. Glscrﬁ?%uf%ﬁchuté%d Gte arraRgEion
20dc6dM0of DerenbeeebyiRB0ZntefinaohatOamsechioeonhyast g =

“§b“9 ﬁh{ggeig'ggsgﬂi§93§ w&%g Zound pulses with a pulse

duration of 7 = 0.1 ms, with the distance between the

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 beam 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



set of beans conprising approxi mately 150 beans or
directivity characteristics and each with a beam angl e
of zp = 0.6. The sanme resolution at a range of 20 m5
Wil dsfeeiui re twi ce the nunber of beanms or directivity
characteristics with a beamangle of p = 0.3. In order
tedembar tthe Ebim angl e, theé Irength of the receiving

~antenna woul d have to be doubled, for the sane

tansti Bsi oA FPEGUSREY. UPRNS @ @ASE WG IRRR Wi 2
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accordl n

PRER S IR, AP EEENTE 00 hBal BRchoyst

nve bton results

for ‘ex aut ononous or renotel contr ol
L@wz\m@w@rﬁ%w&th Threampoxidiork egof ubi dn- | Ant peder

gﬁ?eﬁEUQQtQﬂmir?%ﬁh bﬁgl@onﬁﬁﬁﬁtl@ﬁgtgo%ﬁ ﬁ?ka fe%el¥ﬁng
eteriorate as e range ncrea [ ras o the

SN WREH t hB2KRowh© n@tehoéds%?g e{%i-” Vel ntiehe
MﬁdmﬁmiﬂﬁdeOﬁIEQuéﬁsglumhﬂ$I&ﬂéiﬁ&ﬁléﬁbWBOﬁhﬁt w1th
'% %a%g g%gfgvﬁdagglln an%.Of th ffgﬁégﬁi QQOHQ Q%

t i AVeRt Fon Wi th receiving Antenna of “convent i

| ergythethadd Bacohdingagse dhet havarnvirermetdrodsss ain hlgh

- whieh fuidherdmie, shguiahi e LONSLRAIMN QVER & r@@@@wgég

Expedi ent enbodi nents "of the nmethod according to the

|%l%?ﬁm%nw%%s%#?na*éhaﬁééﬁﬁfégéf@&é’ AR d‘tﬁf%ent%r%%om for

fﬁitﬂﬂﬂh’@néﬁe@f tbh@smlal’l\lel’iiridﬁrv&ft%rsmfdl&!k I nféheexample
her cl ai

STy FEEge AT By T g B bR s

i T es f ool oM crap@dutenentin ¢MaMduﬂeqiﬁmmonﬂ travel is
reSeLvig aphgnnydes used, p&ﬁ{:@%i‘!@ké{ at %sVefEr}éa' range

di stance fromthe first, whic ree- |nenS|ona sonar

| Hageemkes 11 9@§§FBFE te ithentsifyraHensetlidd prof knewn

3 @il Obj ecdSvORsd g, S a@@ﬂy arkﬁiud:lﬁl t hge vt er V@bﬂﬂ’@lon
e under wat r ar ea.

of
Tlﬁ%s?ﬁ ST ohPwi b‘élHEEE%%eéP t%Y%fbé?ai%d}lr?Vt% 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. A three-dimensional sonar image 1is
advantageously reconstructed by means of an
interferometric measurement, in which a second
receiving antenna 1s used, preferably at a vertical
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 area.

iorP St R Rg e
T@ﬁemVFﬂgO @ht eflha weose resgthtbdf ers verfamyehofordd m

. &&@ﬂ?g}é@“féﬂ% LLiDg eyen faysyald: %{Mfr?ﬁg&ﬂﬁty
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followng text with reference to exenplary enbodi nents
which are illustrated in the drawing, in which: 5
Figure 1 illustrates, schematically, a rear view of a
wag erefht, which is noving in a sea region and has a
sonar for detection of data from an underwater area,
1erFmRee 2 shs a bl ock diagram of the transmitter

side of the sonar, Figure 3 shows a bl ock djagram of
thee r eRERDELON 151l P f AR Her Sotfar IRFMGGFe M isHdwsly the

sEher®tigg i tEust Wathonraffe r@mcd NSt agkaneLasy SkAbediments
duri ng data.-.recording,.in.the formof .a pl.an,view, 20
FISHFR S S noUi Sr S oy ded 19 | TPt ort bf L det ai |
Vin Figure 4, Figures 6 each show an illustration in

order #p,,A00 7 exphale B%e%?sogc@ltén%%'*&%tl‘ﬁ%eﬂ al  rear
area el enent and t e anplitudé value of the filter
si gnal, based on tWéevnetthcd Walrs sttt 257 1F ¢ur &s gmoving

shows the sane illustratken asgibn Rread, amddhar for
nodi fied path traveled by the mgterc%aft, 30 Fmﬁure g
shows a bl ock di agP&Me6E1PRe HecBfbr TT8Mdet b UPRFEVater

sonar according toaaeafurther- exenplary enbodi nent,
204.51W0 Decenber 5, 2007 - 8 Figure 10 shows an
illustration in order to explain the interferonetric
measurBh@pEe Princisples 5 Bi gubéotk shdhsgapmexafpl e bhe

a transfer functiera@bmatkicht gkgknNoknenbl 86Kardi agram
shown in Figure 3.
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 assocliation between an
area element and the amplitude wvalue
of the filter signal, based on two

méthOdAvariants,

Figure 8 shows the same illustration as 1in
Figure 4, with a modified ©path
traveled by the watercraft,

Figure 9 .shows a block diagram of the receiver
side of this sonar according to a

.further,ekemplary embodiment,
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In the nethod described in the followng text for 10
produci ng a sonar inmge of an underwater area, a sonar
is used which is carried by a watercraft and has a
spgndsig@nsmtter 12 (Figure 2) and a sound receiver 13
(Figure 3). The sound transmtter 12 has a transm ssion
sebreAe? atd¥014 and a tTtdhsmitting antenna 15, which

15 has_a plurality of electroacoustic transducers 16

ar r angetd'ore ah? ant ERRYSnoaRAt . 1TRESEFBELPRcaln order to

transm ssion pul se generator 141§re.egltted'fron1the
transm tting antenna 5 S?-SBuﬁa-BSFE g’into a 20
transm ssion sector 17, whose spatial angle is at |east

“transnission pul seexphikéh are geftes ated byntBeferometric

as |arge,as. a{ eCephigy Segl of Lan i chots covered,op.,

the recelving side In the underwater area 10, w
sectof angl e |yi ngfoRcthenpl afe df kildms] , inef EPpedPiack
in the follow ng texk @gmtggomgrﬁﬁopgﬁhréegtor angl e
cpH 25 (Figure 4), ang the sector angle aligned at
right angles to this, referred to in the foll ow ng
tExt t@se tieeheert deakbrsbetioriangties cpol(llewgumge tExt Ther
S Lal. angle’ th ra i.SSi sect.or. 17 ensonif |
e rdind ol Sofar dfakIRET RS ARSREEy WL El Y gaft:
than uszgl tWatchf ishecretepti &y sectarter@rafife sodndias a
resehy e rddsnscdt | ust ratedrd nof henfor mohin@ rBLOSKer 13
diagramin Figure 3, has an el ectroacoustic  receiving
aht EAREE 19) cohPfi SPREY at ReMePhFeTt V2 ofa352 hjarBpReABECD
2001 9di génaretbt ke sedasr angedmodt ang antemia NPUNkhich
ophonges_ 20 ich are located vertically one above
THES OTRer Ep b r nel tot PepheaoolEliLr Tt aPliedrR 1s
orxfernged achireve arert iagdler2@4. S5mOntbeceltber 5¢12007ical
O - beant oL N9 ﬁﬂrlste@e fﬁt‘%ﬁFP{' ng ,ant e&ﬁﬁe%?t dhat,y s tfe
say the vertical sector angle (Ev. Each of t%e
hy &R BPRDREECR0 PRILSEst FRBE F I Fildurarss pBithedeffoicm the
p@finﬁﬁi@tﬁﬁ@lveanﬁghn&her}ﬁydr@@ho_ﬁ@’éna% andsakl theed a
staves are, operated: t he sanme tipe. oup sjgnals. are
b H SR T+ G ST TOF ohl rEReot | REHT T b or  Tansh APERE
the haxgeuasr eceplciepn isensddtvirt y.8,f rdmdhhel €] estetedl 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 @

(Figure 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 receiver 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 1likewise arranged on an
antenna mount. Hydrophones 20 which .are  located
veftically one above the other are combined to form a

-so—-called stave in® order to achieve vertical
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out put signals fromthe hydrophones 20 in a known
manner by signal processing, so-called beanform ng. The
10 maxi mum reception sensitivity of the receiving
amzenﬁrfa/uom is also referred to as the directivity
ara er| beam The peanformng is carried out
i% %qgi 21, resulﬁfng in a fan of beans or

Eﬁﬁ +¥ﬁf§ CE@EaQﬁﬁgl§é&g?v§g%agﬁ@%nhg ong a@ggpe 15,

text uses e expressiorn beans tn
azxor dahee \metrﬁlﬁ:@rlrralse@‘etlf al #8gleseof t Racher mf Thehe

?£E|H8E%@ @P'gﬁlﬁuéﬁgﬁ?%ghJﬁﬁsyh%§rErQ?1Eﬁe therefore
iplicity of bea a acent_to
éﬁ%?%eP cd%eFEaYﬁe F?%n%§g5983 %Qsof 2{ hanr odﬂd- %the
re@evyeraﬁé oﬁémit@@aMRZEh@aSa@ebEﬂﬂean@f@upnsi@wapéa@Ee
L1avel pfothg yeleroratl, el slred Lot fine oy yicn
fokf ow ng 1eX He~hor T 257k at Obeam angt &' p ‘??chure
4Hhe amdxambleaweaﬁglteoal |S@medtamrtwghtfrmgliese teledisical
ot sier rﬁ@;rﬁa‘lé nftr%% f@héo%f@zéﬁﬁn&? the vert bca]known

beam angle (pv (Figure order to produce, the
FrFIURET SPY n%llr%n%rpm%e?ﬁawq dBarcpebdd RoamipEing puthe

Shgoahsn f:é@@pth@nhﬁ@h@@'ﬁ@ﬂ@ﬁyzgfortlfet aveSe BF Bhg antenna
lifjed, anpl i ng frequen

/T, .
ar%spro%£§%e ?ﬁ??%er Eﬂ a tonpl BX for§¥rﬁfY%Vlty
tcttearaudu:earmﬁaic scampbeamvaITlhles hearganpliey bie ngpdel ey edut
ULl eortehe 1151 10;-a0d, bek ngpadded hncbhase b or
formconplex group signals ach of the conpl ex group
st pRet st Vst i %é’@flaﬁteééﬁﬁllé:)@ f afhreonNbasebande ameotlzer.

| o p@@@léwhhgr Q@xtThﬁse?BB 8ROpi tHde e&fpﬂe@%llo@wuwre in
filter out nal is then _forned |na; bl ock 23.
ftﬁlﬁm

THe® WevEt o rf‘él W%gﬁﬁ?%l%bt%en “EAE bl ock

23 are referred to in the foreign text as received

1
alterna{&“&eve aé“r{qjooégg u§8 tx@lﬁe hofd“eoseﬁjt@s %9% the
gmslstmlelcwotsf oraf t heagguards offiat henrmgridiades tr at:herone

thagide rRgpikudes. t herkelves and-{o- pracess khel rsound

wavef orms further as received signals. The conplex 5

FEPLEF et s THENERFFRSZ e abe Bl 3PP LRRAL S t Prat the phane
sey Wihedt the basebangt8trxirag: andramgitdaude-®r sSguUatige

following text as the horizontal beam angle ¢ (Figure
4y, 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, and 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 i1s mixed in
complex form to baseband, and i1s 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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of the magnitude formation process as descri bed above,
or their real part can be used as received signals. 10
The received signals are subject to at | east one
carg ecitjcon in the block 24, for exanple in order to
conpensate for the decrease in the anplitude of the
%i ghal¥ Tt om t he hydridphones 20 caused by

onetric attenyation durin e for pat h and 15

R A of e ORI (U seternd e gheber ol r coi koo
5@@ﬂﬁﬂbﬂéﬂ€ofﬁbtﬁf&&equmEKé$|bértﬂéImagnmﬂudEyWWather
5L, | DGl MLt LONGDCY SOIRANGALS OLat G, MRONLLULE ches

S|gnal are ower wei han hi"gh-
furastp e coﬁmﬁmm s asForeckiiyegur p@gealtshe Thet e@omelex

%9xﬂﬁ§ & &hansf enehidpetban SinmMd 8o tPeaubkah- RASE is to
lter, WwWth a rising, preferably |inear proflle over

t%ﬁ¥ W%Q&ﬂ%%d§hecﬁﬁﬁ |Blping PR fregeitude R 3RURES
Sd traé hegaibigb- E@S:&lafcllbhelprdc%sas %C@éé@llﬁmabove,
filt In the caee t he des ribed d| ép m

pt'oc %ﬁﬁufe eﬁFﬁs Fed SR S

whose perlodlc transfer function H(ej Ol wthin the

lTHE t é:i:eeflxﬂeecg téy %&e éﬁalafrene%%})ﬂ%%taméoha%a%_rp?éég{:Ve

sanpllng circul ar guency and +7t
reset vl ying sty obéptliior?aﬂr t 6OFhee#PagHIq ude Sfrdefe to

oddrd e Fhequensy d@br%elsbl Ngn i Rntheaf@ngeuds 0w the
-it/2T to, 0 and r si ng F@e hﬁxran e fromQ to +7t/

G Ritich 519 TBm EPREYET n £ guraniqs by
'@Ebmahﬁmniknxtémmaﬁﬂ@mg @mrim@ nelgai t fidewsrdgnapath and

rreeitﬁh{ e Bgff LhEr Sl réia Al %LJ:XJ? ?ﬁ{j é‘egé‘ééﬁf@ed

ow ng onst ruc
|s~m&j@l$uarherflllw%ﬂassnf mmeerfhig’CWt RSa i aﬁgﬁbr a way

funet | ae cardespendidi@ f 0 Rhpdneh¥RCt L8N ehed Mh@ﬁ?ﬂhde
function, for example Wth a cosine, Hamm ng

ng
O PUY. 53D HETErRT Blt}Z‘OOl'Pwerllw%aﬁEBE}%héfhfan "hign-

W retpvwend yeadsmponant b npm\terﬁ&m:s | putbesesl ghal -fi0-1t Se5
ratio o; the_filter g%gnm

d
Jﬁhge 0 r%ﬂsﬁﬁaefﬁﬁf grg&mlgafb e ?% $f|§§$$gfiggerr
schigmata calilsyingy w&waﬂEnabdwplélnearFlguoélae aoteel dthe

COMIIHANY agmyl tLRLLGILY &F @588 filter 25, which is
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
e®T)  within the

limits defined by the half-negative and half-positive

whose periodic transfer function H{

sampling circular frequency ~-n/2T and +n/2T,
respectively, 1is proportional to the magnitude of the
circular frequency o, falling in the range from -mn/2T
to 0 and rising in the range from 0 to +n/2T. One such
linear system 1is illustrated in Figure 11. .The
described filtering of the magnitude signal results in
a filter signal with positive andinegativebamplitudes,
allowing reconstruction of the sonar image. Further
1ow—pass filtering with a transfer 'functien
corresponding to an Si fuﬁction or a window function,

for  example with a cosine, Hamming, Hanning or



10

15

20

25

30

35

el ements 26 arranged in rows and colums is defined in
the underwater area 10. The area el enents 26 are
preferably square with an edge |ength which is 10
depgndepy on the desired or maxi mum possi bl e radi al
resol ution. When conti nuous-wave pul ses are emtted,

t hecedger| ength07s designed 1b be equal to or less t han
cti/2, where c is the speed of sound in water and ti is
t hechePgeciaf &t "6mdeM t hbea®und OpLAs ed TEROMEEE LT oA t file
161 ghanshbthbnge aphenpacdSend hei pgge 4 engih, may be
chosen to be greater than ci/2 when using the nethod,
as illustrated in Figure 6, for association of

- aiml brdde twapueduok hheoﬁhktémagbgaalam mhdbhaaaeeaarea

6. 5] ; |
oIS 20+ LB R pb Lt ohst R oLy o gt
alno€agedea s sttorfbgeld e ing aa sm@&‘agpln@@lt]am? area

T@i@ﬁéﬁgst96'ﬁrrah edf Qb awing Xt cd PimSHott asrihged in

store 27 (Figure ) . The watercraft 11 nom;travels
ovRF a%n‘é%é‘éﬁ?%l 13re®5 Hrailgit FHeR 28 L 9m@RtiSng 28 oRge

tﬂaeeyeﬁ@mgl natq@alr@ Fivgiuire 4anTh@d@@ce|Mrfzg;rant\em@h 19is
? a|I ne SUC Its reception,sector oints to
starb a‘?%

o nhB dedd 28 SR URRRIRER' Mot e nEddi

thesahgteomhldﬁuﬂhecoo@nmepuaxWSVQSlp@lsaaghsxblsm&toed

oéhéhgd @Cfgﬁggﬂ 30 agﬁEQBeéstanEugﬁéiwﬁkg %Qeless than
i tudi na X1 s of wat ercr af t I'S chosen e
99T A’ t WEe&Re Ml B ythenbbardent. Spwslekn vatemyanfss is

benhet ﬂtﬂﬁlsé haafgeloxi\é\bﬁnthéag@hhag QyeEst afmgaba %‘gomt hee

rece 1 O sector a ea

W ERRR TERoY e PRGTE8 The %é% Lol 1BEG Be ghosen

mtdtfbeun@reatmm,,nhéﬁlguré% 'Mhemndué)ng Thiee method, as
?ﬂé&ﬁt?& 3t ghy eacﬁm ;f%tr und oyl se ‘aﬁp&tl%ude

se dur I on tl sSuccessli ve,

pV@l@qa%lb@? i ﬁih‘t—%ﬁtmmhurﬁeﬁhrﬁh@oimas SIS TAD 26 -
Decenber 5, 2007 - 12 29 along the path 28. The
recei ving antenna 19 receives. the echo S|gnals whi ch

haveubeer stalteFEAtBaCIA r 6T 2FBed uifdrndt ePLartdie 18rea
adteas et eniitdlerl f Eaght hercbearmfeargrer 2% asscamplated a

reESkXSQ foggg{gna§500|a£ggagg medluﬁh§7bean§e%%éd 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 covering
the underwater area 10 over a width Xpax — Xmin (Figures
1l and 4). The transmitting antenna 15 emits a sound
pulse with the pulse duration 1t at each of the

successive, preferably equidistant, measurement points
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The group signals are subjected to signal processing in
t he manner descri bed above, so that a discrete-tine
filter signal (Figures 6 and 7) is produced from each
L beayyy@2, as described. The filter signals of all the
beans 22 are used to successively reconstruct the sonar
i PRI oM ol Grbasur enent™ pldd mt 29 to anot her
surement point 29, thus resulting in a conplete
AP HRgENDIPEHR thdef Wat BFCaFBANd 0RRECTIR LAdTBFeE RS

1En@athhd8.sFatalhi 8hpunpesee Sbedpss3QcEErgar @k from

ich are curved in a cjrcular shape and_are adjacent
:%h%neun ano %%?ri n"tHe ria(gli a?n%ii reet | o%ma%%e% tﬁ£%m the
rizehmfoxmalt h 21lof ast /[@marlexdefenetival edgmathsasaseoehated
ped it 3% igLihe >gegion of the area el enent field

constrali ned by the 20 beam angle (p of the beam 22,
extending as far as the field region boundaries, that

|§héOgﬁ@&pa§i§@£l§5ai@¢$u@?éﬁﬂééYt@d§§§n££2p9$cé§§ing in
b%gns 22. The nean,ragll 0 curvaturﬁ of‘thg,strlgs 30
ary®  IENNgTc U GPEEIPERI AP HEouRP ofdhe 3spBLachrtSotHae
cti¥tomm shendisdFegertsn® valdied) ofi st perddudeer Sig@matsch
T n radi : va e Qof trj i nethi
g%%%“ng%fréggoﬁﬁig%%&%ﬂé gﬁ%tgﬁgéﬁﬁét%%§ﬁ§gﬁeggenJﬁé the
| perB 42 @dfethecdt ¥ psugoespbneihertoeastoncof tidesonar

raeehyi Nngrdl anfrennandsuddigedat tgpihe | ocat ad, atythener
centeregglnt of the recegtlon sector, 18. This is

iTFRUTIGH | POMEGurds 5CARE 6o B WP ofilexanpFemPaete

fs@mr sinddpe 30f i she defdaed byr tdhe=4i sCret ectid nenvvabfiethe
T e filter.. signal and a rear rip.30, adijacent
e 287 Ee i Refl GBS o) it e T

€ sane Wi ¥ “mean e ti
vafeecyrwdd Tiof at ke rchilbreshsipgnaind Asrd sadjdasstly atedone

| e €,6, rieach, @I 2R g 8EEEPi 30 dsqallogated ke wigen
anmpl i tude value of the discrete-tine filter signa

det At e T inedt #Hec20R. BIHE I eBRhRP1EE 2Poim -the
IZegyval uefnTeigs @ith) Tel&mepecitieeky. coisthei xanphe tie

Fi 6, . the f trip 3Q.4 [l ted th lit

VAT 308 Sof (o baSi BoBR Cife (SRR Te 1T T2R0 The-he
reerldtrepid0 bsuabhotatedthae anplid udeyvabugaa( red )tive
Y Ne ARSI Of e d4 B/ Ydled B3P ) T As can be seen

The mean radii of curvature of the strips 30 are
calculated taking account of the speed of sound c¢ from
the discrete time values 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 illustrated in
Figures 5 and 6. By way of example, a front strip 30 is
defined by the discrete time wvalue 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+1l)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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fromFigure 5 each strip 30 entirely or partially
covers a plurality of area elenents 26. For all the

area elenments 26 which are |ocated entirely or

pankighfy Within the front strip 30, the anplitude 10
value a(n) is witten to those storage |ocations in the
sPeremerwhi chO@rfe associ atetlBwith those area el enents
26_which are located entirely or partially in the front
st#ipe3aT FoF alntarfea ERBREARESVEEYWHhilch Bhe |wwatmdd in

emi@ﬁﬁéngrtFérEk?htrsﬂkiﬁiBQEB@ é?@bfﬁ%éﬁptgg’aggﬁi%ﬁde
itu alue a(n+l) js witten to those stora
?%%??oﬁzn' n C’tnheté}"set ok?gesjz's? i Ehealténﬁssvc?éiuﬁ et wi #pd the -

these ateapel3nent sa2bowhtel ahelampmﬁﬂhdﬁﬂ?iEﬁy ann+1)
a tiakl y.in the r [ Wi t he i tude
Do S Ko TR PLELPTRugtl KRS RIS, geen

val ue in eac or age ' ad .
2Dr QM| Je IichSis edeleaditdiscaBéd emtiteky stoor agertially

| o602+ oN a apdui s Obf airedy £ 0M0khentReayp 22,01 firomy o

-rreasurem_-ints carried out,k at previous neasurenent points
§

297 CFhi §'FLSHGAe 45t affithe 8FFi ps WHURAE creRiFerely or
aok acent 1§ 0 waehianotther Frohhe £“@ﬂii]_§l| 3:U(,r e%‘h'$0ntaﬁfiﬂi@ﬁge
[ by the.discrete _tine val ues + .etc., ap
E‘Zaggm%:%grq)( h%s avﬁ%fgjf%%e Q/aF%%ieafﬁ%?g%t Q?C%F%O?ﬁeﬁn the
asseymed/ HoweRerret ks sarplattadder Ml ugsosr eanet elements
a§§oﬁﬁﬁé@daﬂé1lo§9t@&tQn@+£ei£e092§§r€£§gﬁftﬁnzéigﬁ%Pbgt
a ch t akes

the sanmg strip 30 but only i nner
aclcotint 38f t4R3 ralposirerorf Maman e t Re whiicp 3oge f bpcated

v ichr Ly pese peci anpyi tudeivial tes ala mesghied Joef ofge
tglela,{edvvritten tg t t?store 2.7.tThe yveltg"%telng N

protess s iR s 3dBdé) 35 Rarti Tt Gh Sfmystorage
Hosttiong henarigze comparen 7 ofvhiedac haas easaloerinte 26with

j i Y, he-st ri.p...30 n dly .t.he
oo | an e B MR e 5 TR ey o
RTourL1Y (R t hBe| afeat @écieasPlg fwidh 204e513@plitude

sntbe e 0%l o s Bigh i b
t owar.ds e beam ges ., ¢ ,
of T ET ISt FhctS d?lla%?agﬁf eGSR TPabel s sSkeraded omtion

tdred ci heui toba Trengengrbmshaywhdn Fibguke 3 20 the bl pekn
:%£J§Hré§gﬁks 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 values (n+2)T etc., and to
which the amplitude values a(n+2) etc. are then

assigned.

However, the amplitude values 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 1is 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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5 beam 22, with the area weighting being carried out in
the sub-block 311 by nultiplication of the anplitude
value by an area weighting factor, and with the
recepi@n sensitivity weighting be| ng carried out in

the sub-bl ock 312 by nultiplication of the anplitude 10
R aetsr @ weilght i ng fact or Mhich is derived fromthe
recepti on sensitiv in the beam 22 over its beam

ditf eCeptreheds c%\?i/e@fbe@ﬁ WPEER. 49 BOoWeEF@®d the Dbeam

\dent228s irheusdddeihdd) Fr@ekss 7otf decotsttiRtion of
soci ati on of arrglltude val ues fro t he di ﬁé ete- tine

i1 er & ghal $"GFEh tife | Fifi Vidhal ©dFeat8l e ULt

’ta”IBTEd'l(ﬁitmﬂ:e detwreein t Aegeeat 8r 126 L hand liduk aBrleafor each

?Jge%fl%g”%ze 26,,and g@l%o%ﬁfgaerwgfdé xfr’ EQEnge%%QEh%B %%g:‘oofn

t er mne r ‘each nment 26 whi ¢ch

|dat sdbwbiack tHe abBa evhvididd sy iome ®Earkhe2, ampbi tide

b 1SaY Wi hidh t herad ea,of g ar egn @ &ENtadd el gh whi chhe
i s bounded by the beam angle cp of the beam22 and a |,

t5$RERE Ue FSnFét&XFEMI a‘fee]cgrftrlcﬂﬂ t RPSDE; s‘iaal%lee uSithg in
titee spapdbdbcROWIR CoyAmmedssediiaiaed canpbft wte Va‘h}_bl:ej_ﬂﬁe

| takenfr .t he cret tlmsfllter g
rvéa}o.l) g Sb to twl,?ég?lrplngvafaét el?lcl%h e)c(jaerllved nrarom the
metmtrmned sensktguisy7, in hé:hta meewal U2t wver | otat eekeam

helygen, the digerete dd meahyegmnT and (n+l)T. In this
case, the anplitude value a(0) for the tine value to is

30 determ ned by interpolation between the anplitude
Vlaiu§3n@(tlﬁlbdarkﬁbﬁiimi) aEha_lammtixtalt@@ Vﬂhuelg(leé 7, for

d t t
SLne DY e B! Shan, |5 R3305 L8 o U e, AL e
dumreespohblaang stignehie pmsttlt | Olne oflntihe‘laluea & mrene Leme36s
e DeAl 22sbahe IALSE PieDRURGMIEP! LAE WA area

wel ghtl ng ftactor S account recep I on

sergiantyidq atd tHee beamtor Reintherf oele i BACOPT 1Pl @@L
element Zb:e M Sed S anechion alded h@léﬁl@ﬁt9|236mﬂh§cﬁ6 is

R0 16T Gh 1 (HEE AT S LFF P faet is
bounsted bythhe brammasgl efcphef ddee hebamer?2. £died which
P OCESEndSa BN (S I daL 01 L NG SFCNBNIEL N3, and a
time value ty is calculated from this distance, using
the speed of sound c. An associated amplitude value
a(0) is taken from the discrete-time filter signal
relating to theA time wvalue tp. In the example
illustrated in Figure 7, the time value to, is located
between the discrete time values nT and (n+l1)T. In this
case, the amplitude wvalue a(0) for the time value tg is
determined by interpolation between the amplitude
values al(n) and a(n+l). The amplitude wvalue a(0)
obtained by interpolation is associated with the area
element 26. This amplitude wvalue a(0) is weighted
corresponding to the position of the area 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 locatidn of the area

element 26. This 1is done for all the area elements 26
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that described, that is to say by witing the wei ghted
5 anplitude values to the associ ated storage | ocations,
and by adding themto the stored val ues al ready present
ther e1wene precondition for this nethod step is that

t he edge Ien%%)h of the square area elenent 26 is

desigved 2o Q7%ess than or @qual to the radial 10
resol ution, is.illustrated in Fi e 7 by a front
e T DERRRy RN i {2 p5 RS e SR

eneadi metitch | s theumdi]o]dyvaheabéamhawalen (ﬁ:icgijrtmeﬁ bedm

Jer m ssi ble f h e
ezzzge &%Ocoefssrmlrse aﬁn %O%%ﬂﬁesa rﬂen&f% %)er cr%?nas
thats dnmm:goe/d,t howat | Asekpuptivoky wWiigfiarabile weighted

GO NURES| ¥a1888 %S%@egsgse%%auc;ﬂ&% d S16@H ¢ 8Kk,
out at all the measurenent points 29 al ong.” the path

284 4y ehinase $h B I thheSbems vl u%t%l‘f%d&chresent
RS, en@ﬁé RRigch A% kel ngpat taidi siedreel Aytépomsonghat

ot h 4 h di st .
ST 088 ol VL s BUaIRIES 7 <
diepeinpet  do t e ndeser chabeans ZEthELchtoov‘elnet hleadlal

LA LGP ot & s 5, 3N 6an. he. estd Pisd 0#%3} Yal@ront

11 AY < tanl -
land viheFe2 K PeurfieriukbBf, oRfNBedifs czw 2W|'1]trb htfe%v%erﬂﬂajeary

P T he parh 26 trhveLoq by Lhe watererart 10"
e end o e ravel e y e ra

e SRor SOETLOR BT ShEt hBCoFare B REntar Al | Fod=Th 2
tdyel lonigt3R.o fTheo reortutedri zat42n process is carried out
in such a way that each of the stored val ues 204. 51WD
Decenber 5, 2007 - 16 contained in the storage _
|Weat i ore WAtehersfer 1275 gnowing dedtigut henseryert o

SOaF 85 10fy t henwehghlisng, faed o ddraédedrbfof f€ruction
respectlve stored value: In this case, the wei ngglggong

thitt GRTTHER heUFi Bt -dlelscFiefeasurement points
the path 28, in each case in all the beams 22, with the

measurement points 29 being at a distance A, from one
another (Figure 4). The maximum distance A, which
should not be exceeded for correct data recording 1is
dependent on the number of beams 22 which cover the
reception sector 18, and can be estimated roughly to
be:

y s <
tm1gi- 2$h1f£j
2K 2
where K is the number of beams 22 which cover the

reception sector 18 with the sector angle @s.

At the énd 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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5 nethod variant is the product of the reception
sensitivity weighting factor and the area wei ghting
factor, and in the second-described nmethod variant, it
i 50804 By the reception sensitivity weighting factor.
The nornalized storage content is stored in a storage
1oe Pt e 33 {&tbre 33 in Fildure 3), which therefore
contains the entire sonar inage,, which can be dlsplay
Vi 15e0n1R  dPSpl P T rﬂgocc%‘iquft%rl@ragﬁ. gdore 2
techhdeiedy 1bh&i gume 8fshaws, sscherst i ¢l lthe awpaght ong
m@é&@ the rMHQE£¥Pt§£ %ﬁ%? %gsléctg923|§%%§§h Réﬁﬂﬂ In
aspec ang interval sTor Sector angl es cps p0|nt|ng
athx$ ghasangltés wied gbrié ngndidwdor The plag hftravefledchybed
@%mﬁer%é&gn%l jlss 1ehd i 5rcasersubd Vided | ALocboon
sections 281 20 and 28 which are aligned at
r$%%¥l%&ﬁﬂ%% ﬂﬁ”éﬁ%ﬂJ%MOﬁﬁéForEa%%dpéﬁﬁfséé@ﬁonW§8§htlng

282-tSr desh@ned trhebese fn Wy & it Iﬁé'taiocﬁa\ﬁzﬁ'ir:ad@@ it
elenen;Fﬁ6 in the are

el enent, . field is ver ed
oL h SEAEH s Tt oRCOBRE 198 SeRELtATat Yorlle T iie PYcor.
tThe houndaiyeddgesrk8? aforttent25is eceptedn isect ostdBage

W @i&rne Sectar angl e3(pg, 8.t en_geseni b@ﬂe%kam
1 TR 20

erence to Hi gure sect or
o@@@t@grass nt e %@’%:r@dscblyaﬁ lrﬁ@m: leilé@]tlyC@ﬂi b@aﬁ%syéavad

o\rfﬂgﬁaip%obt@dn & di stiapaey Ay between thgpieasuyesBhlcs
oints, 29 which allows the éo watercraft to travel at a
SE???%}%%??y hi gh speed. The underwater area 10 to be

surveyed i s scanned once along the path section 281 in

tﬁfg&(rd' rectian and; on Iﬁa@i é‘ﬁl the pgépﬁ CA' %l%%z LA
dlrecﬁlon mhl? rave alon
th@dermt@hd@rr\@at ek0 alfLéa ‘1®wi¢e@’haﬁéome@$p€eﬁor dedle

conpletely at ts'%%t%gd fy1the patdyinchhgy d@@Cﬂ&@@ WAYles

of travellng over the path 28°i's articul arl
abivafPagasa hﬁﬁenTPﬁeH%&ﬁ(ﬁr%ﬁﬁﬂ dps ote yaeercraft 11

resekMi g iant e é@b@ﬁﬁl@éﬂiylﬁﬁal kwealpges, do&ftions 281
204, S0, Degerier Dy 2000 ol Tprerelle L virt e
bahotidet heEathepaths sddtuistr a2 &, QEZFuQUM£signedH§mrbe
80figu85d%{ éfz@rgﬂggee%%%a%rea 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
A, between the measurement points 29 which allows the
watercraft to travel at a sufficiently high speed. The
underwater area 10 to be surveyed is 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 @ of

the receiving antenna 19 has ohly small wvalues, for
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i mges of extended underwater areas. 5 For cartographic
surveying of the seabed profile of an underwater area
10 and/or in order to display three- dinmensional
obpectswon the seabed and/or in the water volune, the
nmet hod as described above is linked to 10

i HeerTepbnet r£80easur ement hethods by means of which
the verti %h C onent can be determ ned for each .
s%ﬁ??@iepginv it KeThHBeRtatErS af65190: ForPtpiality of
poaposeara &urtheedrenei vehgndnteanather,i asaiilangedaatd

a. yerd.i di;st ance. mthe first_receiving antenna 19
1?51){( F—Ei(lgqﬁlragg 1%) oéLnAglég?%nr eé,q’ t%é torra({nGSI(r:ri Ittiér r%oan Shn3 15"
i smapesi of opvderiieod eunde w4y rateaecei vi ng antenna 19,
al though it can just as well be arranged close to the
second receiving antenna 19'. The second receivVving
ahPEnAEAr 199 FENpFeFEFrdBIYy R AdOft ithE I%7R%1e BFektle 2pf an
reneeyiageanteraa 19. anbigoei ricli drasf angenBidpfDf three-

reagéiageantenna 10, aTigoei r angeren
RS DB EERGiPe S R SERe GaRECaP Codipl ERenbeter

Frglwmee 10 tild ugetaves ¢he RFarsidecd kbowa pes dernfked to
| DEELE e PERLL | £o sHkYeYi-Rg At ﬂ%}%ova%r%gakne%gp%ﬁ%%h
t P. The nt the

a scatter poin vertical conponent z of
sthet eYepol il P GRUEPPNGIES pet t HSa Fefterapaedpl 4as 38ach

i sceatetl gieichd ram t hee tunBegdiviferenceAt 10f. reeept Lals
of the echo si | 30 scattered back fi§n1the oint P
FUERE Tt r BEBr 9P hoToant BiAs=15°ad 18 andetheroed at

dh stanteczltdishenpei AitoR, thasfngstcrdteidifd)ant8bna 19
[ he ,di b two receiVi .
oo ohace' 160118 FRIURE, AR iR e 15 4
WAV ePeceiftsier 50 2007 firgt passesvitgosgiicrie 19,
r@P@lhéhhc]ﬂg aft eaRa {paatdOnyeTheper NGRS Ll @t edhe
fromhalf the measured delay tine of the sound pul se

FTORTYs THISST M t FHECet | df of The sscond  réceiving

antenna 197 1s preferably identical to the first

recelving antenna 19.

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:

v : ' (4),

where d is the distance Dbetween the two receiving

antennas 19, 19’. The horizontal reference plane 36
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the echo signal that results fromit. 5 The nethod as
descri bed above for scanning the underwater area 10 to
the start of the process of witing the weighted
ampd 1 $ugle val ues associated with the area el enments 26
fromthe discrete-tine filter 10 signals renmains
an® % representedby the block 35 for each
beam 22 in the circuit arrangement as sho in Figure

P al ST s bIFEER 354N BPGGERE 3 Octhon The
acthidgé an, 14 heaventaced £ooponehf tled anedstivedih@elay time

| t e ( 0) is_det e
V2 1 ER oS RSERE ReB oy RRIRETer ke SR e
nﬂa%m@mrﬂl,graﬂd s ﬁ@wléiserﬁrm tid-in the follow ng
text as the depth value z. For this purpose, for
interferonetry, the block 37 is supplied with the
rBR2i vBAtEPEnalks of 3t rm 2DOFf omithe tSRATHECY vi Flge

a%qmmea_s h&,ea19io F@cbde:&mrplseagtheofl rmaef:ll bfr@e@@@e of
0 .Sl dn rece erm ne correl ati .

e S ek E SRR PRt ThR et e e A R e Lt e
1&e Eefea netlhmebtteck287 faod thhe delptsh:realeuelma sfilter
C e I e 4 . 4SS.OCI t 5

é’fﬁﬂ}}t | geﬁ% g%ce Hg%é?ﬁ%&o?ﬁndj?l%f ?%%P%?e%?:ﬁee%?%f}%rthe
eakPClof33 h%mar%%\claaﬂéwm 3228 | Beat eHraii hi AT BEADESReRR. as

I ih@wr[fgﬂg frﬁghf@rgnhoéeé h@ﬁr@g@hé afar{i@ﬁ]@bwlg et hedragure
SCr e ove ed.a I tude va

o BRI L Rt LR ret S aan e At (A9 Ff + RS

fa’rﬁ)oaduscmteﬂe tefrerdridd eplangnad (Bimove w0l tea detarmined

S%gf agsc craeta 00 SHS h.a %%fe@aaﬁs h{f_eelﬁk 98&5&%%

esse orag IUH] erred
saeamr@rcﬁm, @m@séhvértJ+%areﬁ@m@ést@orlmesfﬁmdéolbowh@g

depih vwal ueng ofiebhe avgaugl epentrZ6. thi Ot Ba&pwgéds for
35 all _the weighted anpl.itude _val yes which are

asSot et h (HE ald®d erdnt $526516PALEE oWikR the

hesdZiorddl s Piradles @ ecath tib&€dm t 22 Xf yoraddiessed s&6&ageng
have t he, sa vert.i ca res

l'lEhorlg:é;ér:Hgan%o}r{}\gl ?tﬂlga glolzf:qstlvﬁi TR ngp 5t%0|7j atd%d:eneach

been®? ampdepsipepdat ededervrachdneasucenealapbont of the
received signals from the two receiving antennas 19,
19" in the block 37, and the -depth wvalue =z 1is
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 welghted amplitude 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



10

15

20

25

30

35

29, with the weighted anplitude val ues once agai n being
added to the stored val ues when they are witten to the
store, with the stored val ues being those which are 5
abopeadynwstored in the storage locations in the three-

di mensional store 38. The number of X/y-address storage
| B23eroRE whi €%C4re | ocat ed bhe above the other in the

z dire t|on nd forma store colunm in the store 38 is
detFhed® @%eaﬁgy%fcﬁeﬁﬁ% rf cafCheRRPEHGFBSRpsPBERT
1D9the1bhanh22wéEgQUee ampamﬂuﬁhevaeaesreﬁeetagecﬁraeyng
0 e.ln f r t asyrenment.

ot otra shr K5 SE 0N L ESE, TuBhaRHRETarE vHortPR s the
st%@e@,vqu% Vh@cﬁﬁﬂﬁ@%oﬁ@éuﬁedh31HthsDeeeWHMEh are

CQlﬂ@Q@ f@EB@@dbMJJr@hét9f§9§ge0§%EbQ@%nEOQ§teghe three-
rtically one above the other of the store are

Jrlﬁ%tl?lz ¥ P oeke 43y Tie hntﬂH%eﬁoPﬁaW Za@ﬁeﬁeeﬁoéégsage
3E®@@tt@m$keﬂlﬁhtagﬁ UFeaﬁaﬂnfmedQﬁﬁﬁkbaﬂu?h9¥@éPY1n Bhe

Vi the stqred _val ue_ cont ai st or age
|%Ca?IO%t vt he 8 ﬁ%@fatﬁ$9§§uétg¥qﬂ %%Zt i 9ht g 360ss
faeforedi ncl rdbed banSJtEheOf espec tvieve istadr e:mbaml aneglé’hev of
stet edoydl uos (hahave haen N MRl Zefed bt MLS. ek

stored in i mensi onal storage rre
3¢ nlrﬁtfgtﬁ%r@yetwq qeet Iy tesras naa TS m. ch are 25

| ocated within one store colum, that is to say those

Y by ol K e o Sl Sane S L0

(b0 ockhd0torkd adduesomhishatdrst iwaltaetdidisn atiee usedre
! L4l a%sraegeptdt,fvattﬂghg sk @ ng%e |t ensidy, Va}tuegg

e store co r om nof mali ze ored valu
(Broekcady poe exbept e thchectbarr oif @het het ereeli 38 ofire

tﬂE&ﬁHﬂiﬁ%dZQQl§EQr@@\“ﬂwfﬁhfﬁﬁ@tﬂE%ﬁﬁfoéE%&ﬁnBrbéess

g%l cul ated as the depth value z, and is associated as
P v EREFELE% hOthe iTht &SI t?at}%ﬁﬁe dg3iemad ya@él‘f@esby
3ﬁmahﬂud£pthevakueSe@remﬁhﬂgEdohﬁaXh¥dadﬂ{e%%%ﬁ St 06 2gge

t wo- d| nmen al stora di,um 42 store
AJ(Z)§ qjhev\,ﬁ ¢h % e?g or el ng lﬂﬁ]seon“éi? ?ivhded
offafat@t} sulrlfséceedf itrhetbeabebpafcttine uadermat eralareea 1Pe
Z%M\Qfal%%t %a\?@(geén ZIQormalized in this way are

stored in a three-dimensional storage medium 39 (store
39 in Figure' 9). All the stored wvalues 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 value of
the store column from the normalized stored values
(block 41). For 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 two-dimensional storage medium 42 (stoie
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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and of objects in the water volune. The storage content
of the store 39 can once again be displayed on a

di spl ay, for exanple three-dinensionally, using

coP W Bfo 9r aphi cs techni ques. 5 The nmethod descri bed
above for scanning the underwater area including the

i Pregmegonet rd @0 reasur ement 4fethod can be nodi fied

- such that a three-dinensional region is defined

(35 R PHEPCES f el BRBf "AFRR BPeHBAt sTIPnSEABagH content
Lmﬂerm@t estatea, 3somposedmefe vabuie ebenefitspoMhicah afhe a
caygd adj acent to_one anotggr an one abov$lthe ot her

a:&ﬂhEVQ a b2k ar&3Wop ar rgﬁd MVRPtPEar hei ght'" "

vertili ca

corm@spond raphiocs heechimiensisons of the area el enents

26, with the height being in the order of magnitude of
15 cti/2. Instead of formng the strips 30 in the beam
Zbhe mphkedcdEFgréibpdedbonoifdy weanthed r Bl arndparater

CXteda @he1@ef1h$eduhe,extleﬁeweremercr&ee n@éé&ﬁre&%ﬁ‘d ORe®hod
the beam mean curvature.o

s%?fér?%d?ogkﬁb%‘?déu%?etﬁaFn tﬁéresnélmawé%nf*% Ieqipp is
ofle £iriarht YretROrofchhe st £1¢B6d 36£- a&@laCLdJaetmzdu‘dsr on:Lm hehe

I f..Lh
ASLEA L g2 MepeBbae i Sl Lo R e
ol serteacd Ettqimcelwial msomearaeelilghednﬂnonheabeﬁe v\by poher

theqvahyee 5 ehesentseal alhgy 1hah hadt he f&edi & eMBBE§nt
26, subject. 25 to a restriction to those vol une

FRFRFIRCRMI RS &Pe CHRCALBENSACOPRe ?J‘ayépemaali?ea whégBents
dept hwish dehenedibyit bRendepirh tied uerdeasof edaghithag of

Bef or e the I|tud vaI es, are; tore in_the
2 othSESetoRe MREubEO TR At Y S TR Ehd 'hES 22,

kﬁ@ﬁ&kﬁ¢dk&ﬁtou3@edlm@@@%d&u%ﬁﬁmgthOHeraﬁLK%dtHhQT/Z
"‘Qf&hhg@gn%oc SS?EPGQ%bOXEoéé "e‘é%‘ﬁ"oﬁetohf the

carri e e en he nmeasurenent run
shered2yal tes éfr%an pFRebssed, AR e lsalyhe spherical

n@m@idge&ireas deserébegne ahoveast hRei RhENSI bY ¥akugtuge
nHIated and?@ dept h 35 vah$e for the intensit
d

Ps SCH AR abbd usFHF A ERT sEFER TRt HOLRST S s time
n@aﬁhm@ks valfi artie has1ltbe a@zmﬂtsagmkha@ it rgeddient the

[ E508" LHCLLORIPT 068 Bnc | D) PUENBLULE Ohe' BESSRUPY eine
values are assigned 1in 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 value 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 values are
processed, that 1is to say normalized, as described
above, the intensity value is accumulated, and a depth
value for the intensity value 1s 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



10

15

20

25

30

204. 51WD Decenber 5, 2007 - 21 spherical shape from
the transmtting antenna is taken into account, thus
obtai ning nore accurate data, particularly at short
&gﬂg &51f®r image production. 5 As a nodification of the
escri bed nethod, the reception sector 18 can al so be
dMﬁﬁmﬁﬁnnﬁmlﬂQQ%nt si de 0r2lpy t wo: recei vi ng ant ennas
on the starboard side and port side of the
vt ekl ahare nfepe At & aease ttiggdenierer arealsa ben

biatty si deso@ht } hetdihkecbibed igfing0 ticpvel @d@mne@a%
al so-be _ advant ageous, f

e B T o, e . Siar AR PR i pr s,

of course, possible to dlspense with the digitizing of

-0 oyt PYloSIARAls L o4 heynBydiophonesy agd AR £ Yne

basi s ana og recei ved
siegrpsiomheepeprhod deseni kﬁdcﬁ%bb@e arersids oope the port

nodid i ed @y%otf'@éei\#'ﬂ%oé‘@t&?% | §n gEREr @E&ﬁbé@fcﬁ‘efélde

than a beam fan whose hori zont al _ beam angl e cg
A P%" t%%d%op%o?h%d%%%?r%%%¥%r1%ng¥% E%% 13k ?ﬁi%ase'

Qﬂﬁc@erwahﬁeldl Sitr@ﬁ@e oﬁ\y mﬁwveeridtelse aeasweenamtrea@ﬁahs of
%: be ve rter thu resu

n
re%%c? aémr?axu?mm 150s% rES?e speed otf Igr%ve"ﬁ gy be
tadwawm&gqnwﬂt ﬁpr waevwatercnafh|slba§E>a§rwgbﬂ the a

S~ pf e e
I SLG AR o0 SLESq8 30108 POREPLL 008 et
ikl ItRE ofigdhdrinenon tiwse OREPéFcr%#qn § oW OThethe
nefdresbesed | beflaabevegaty ahs0 bee mMdichbed dpy tH basis

n divin i ance,. rather than a watercraft 11,
:ééﬁéagﬁ%aﬁ é%ﬁﬁgg ‘on a vertical path. In, this
case, the sane nethod will be carried out with the

rﬁ&’eep&é‘eﬂogeﬁ]e%cfﬁ‘g}eg%egbé%Olé% 991s<§‘”8e""'r&&ilafl%%a”éuch

fan rotate In a correspon I Nng manne

JopsliNst Dé@%d%@m&s 2987erabed paLiasr EE@GM@@GT%Wr
Bired®d  AorA-8BEH0d babmPr QAULING @ SseBar dgmage afo anthe

horizontal sector angle ¢@s. In this case, the distance
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 ¢z 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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5 underwater area (10) using a sonar which is carried
by a watercraft, has a transmtting antenna (15) for
erri ssion of sound pul ses and a receiving antenna (19),
? yers a reception sector (18) with a sector
angl e WpS) for receiving sound waves scattered back

- 1Detempet hle, unCier wat er area 40), which underwater area

(10) is covered by at |east one directivity v
characteristic w tAT&APr BHEKERANBBbEBPBeam angl e (cp),

~in which the follow ng netdqgd,sfeps are carried out: a
- field conprising a nultiplicity of area elenments 15

(26) arranged in rows and colums is defined in the

u:ndermtreétm&afcﬁﬁopr?@&cfngaraeascﬁ{&namag(é@f ijan (21,
ted a stora ocation in a st e medium
%ngégvtv%t‘r%rra %e‘hﬁol s "Wovéd fovet et pvﬁbjf%f ab¥ ycaﬁﬁleg

| & negatpatha{28) g h & he neecepttitames eenaenhi8) ( or

PO & NG t efsgemea;;%lgré%/ Und & PRLLG: OIS p$ egweg%ﬁy' %%9

is I n each case eni successi ve,
SHt R S tOAVIET Sre s UF @ABE L OB ojSRaE o2 9) 1R) ol the apaﬁﬁctor

(Qﬁdl@ndqmﬁftQﬂnbek€9e25lﬁ atdrRd hacksfromdtseq bﬁck

der er ar etected and filtered via the
d lf%r&m%] %%é%%%%rlaﬁelac gajso la r BEeFPed i@t anarea
afplj t udes valclana*elmddet b_rym ned orniddwr basinge of dikbetivity

Poskilon.olsihe gcen o epEOlc(20 Anihe el dodd o),

regi on eachn neasurene rom
s%@n‘&hll@bt@me%pblwwm fie tlead raj g6 )a feorcansictdl anga

el emend fg§jdmﬁbﬁﬁri§lﬁ§0§tﬁglwﬁﬁfialﬁyeofr§9é§”e9éméﬁ€s
ar ea- ek% )[nt fiel'd bounded by the beam ang

the di GFEGTERSr At oFPEE) Eniamd FitHat 8t HHAERD) o
whi ch tdte wudamndstidr aazcea( cul@r, shape, are adj acent to
Tel d L0 ot "BousdSRT B 1 47 Phe 11 el'd WG afe forhad®
Wi th al et 5IW0n Beceidergs,mez0i -(273 , pr edet er mi nabl e
radi al ¢ yd di e phogecmean radid hyeguryALLre L feferably
defined by time val ues which are _

linéar path (28) with the reception sector (18)

pointing to starboard and/or to port,

- cne sound pulse 1is 1in each case emitted at
successive, preferably equidistant, measurement
points (29) along the path (28) and, after being
scattered back from the underwater area (10), is
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
region 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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taken fromthe filter signal and are nultiplied by the
speed of. sound, and the filter signal 5 anplitude _
val ue associated with each time value that is obtained
I fASSARi ated with each area elenment (26) which is

| ocat ed entirelc}/ partially within the strip (30)
degGeer byt KO0t i me val ue, 1% the anpl i tude val ue
determ ned for each area_, el enent L is weighted as a
f unct iRfF t%%“%@cﬁf?@%s?@?%ﬁrofﬂ PRE MeSpectadies of
area ehereiturd 26):e| ndéflfnédi elsd, r eginen, vanekd he'hlch are

wei ght.e |tud ten,to the
st or agteqfeonca %Jfbﬁ & ?Jog?‘?’]% aa?%aa%? e%%‘fjsplj(%)by
and, ithg heS]peedeSSJ,f arwdlied &nda sher ediame shjoal

s al ready: i 4h@51§gor§ﬁ§ oo LAl OB TN MRLRAd £91 e

claimedin claimi, in posi tion-Specific
wei ghtiliff ofl st hebaApPELUdES v A IRAC T Ed heidheacarBnentea

(2|6) |§lhé31@ér[ﬂ ed (o@l lnﬂrglt@btﬁl\éay m@&te@acen@{ml(eu Udeor
val ue t asso ate W one ar n

mul ti g acdlaulgsrl anwé‘( é Tefghit |S'I$gm‘fpact(g§l (%ﬂ#?é}?q aE@s the
accourmmf xtahlaie,corrponent of the area of 25 the area

e emen,  26), 00y &b 5 4 960l U LBgTLAR B 1D (30)s s

and/ or "by a reception sen3|t|v ting fac
whi ch elg@sntacdedgnt of t‘fffelql'efcﬁebt Ben aseﬁmqhmrt yO§f the

the digiactipmidy Sgﬁf%ﬁerdfs%l@e at-ckhecth9eatd n of1dhent
area el enent (2% The nmethod as clainmed in claim

1 or 2(2§)n %l‘i}"he qlr?elda.r@ﬁlélren@rﬂds (26) are square
Wt h athedgeibrogiihamphiichides daldde saagerattandesi rede

radi al troers(_ﬁogleut OFﬁtlgr efer zibléét gitjat to tﬁgesj{eaadl gi?%%slts

resol ution, h-%f °f 1 ps

is desG%;ﬁﬂ)edand bé requtz pnfecehe,d@sqer e@dd@@li &b a stored
resol wian. whidh TRl had daoty prodycing an JIage ,of
an 204.51W Decenber 5, (}107 - un er ter area

(10) using a sonar which is carrled by a watercraft,
has a tHansethbdnGantesMdellSn felaim 1, in which the

position-specific weighting of the amplitude values of
the area element (26) is carried out in such a way that
each amplitude wvalue 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



em ssion of sound pul ses and.a receiving antenna (19),
whi ch covers a reception sector (18) with a sector 5
angle ((pg), for receiving sound waves scattered back
fpom thgounderwater area (10) , which underwater area
(10) is covered by at least one directivity
chareePeristi¢0Wth a predet?4 ni nabl e beam angl e ((p)

‘in-which the following method steps are carried out: 10

- URdeTErEEEoRPERsI(AG) a UREIEI [ ST dthiteal @l eaERtsd by

- (26)watsangett j N Hons Aand eI iing dehiceedal N (16he for

 d 0), .- h 76) | | | ocat ed
L o BBnbRn Pyl A Tttt T3 e esingpade)
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walherler afverlsl) ai srevepdiaversextpref ¢l abl ywith near spatbr
(gﬁél@nugmsbe:ﬂﬁpeggbgﬂv§ﬁﬁtQ&mﬁﬁ§)w8985ntéég%gé%ed Ibﬁck
starboard and/or to port, - one sound pulse 1s in eac

chsemefhet edndervatrEessede, (Ptlef erhbry amdeliwatan  area

nmeagyr enBnt PRIt Sp29) aal ongeddhe pathk (28) rebdivity
after bei nJg scattergd back fromthe underwater area

(105 TaF e T Gt ETt ¥dtand fPFEErEETIIRehhe BRABCtARALY (@)
char elct €t i shé cf@Blcamirﬁj:eheﬂﬁobcsisgi@sh afe amﬂﬂitehtd?u\tﬁl ue
i s deterpj [ f..25.the_position_of .the

Ia?c’ea e egnleﬁig(gg?ﬁfgﬁs?%i %irg\l%itl?leb?]o%ga?%e%ﬁa elements
measur efaent aposenged29)n f rowst ked fEdlennsi gealdaobitrachedn

by thecfd | {.efdRgh€L0)afOl (/ACh area el enent (26) which
is located within the region of the area-elenent field

boundetP By #RBA302BearmSaridil@Epr e tHeethgectPerjon in
char acd estt stage mddieundli stANCe between the center (261)
of each area, ele t within the, field region
from tﬂ%}e CERCE 5Nt Q?@th]es r 8€&pt o%v%%ctaorp??tg?r?gly
det er Mk f opagach( 2 eavelbnerite ( 26Fepktf bnn dehetor35(18)
field ' i i fromthis

usi ng %%%%gt%f%%d, . an%cf/ﬁéercgr?g}pﬁq&de val ue

whi ch 93¢ as3dehat et b#e h thatini neavll ueass tekbhted at

204. 512 cdecerder Sre2dbty 25eqghi@mthe: filhessstanaht

for e%%&éégﬁ(¥g£uglo%gdgﬁ% path (28) and, after being
scattered back from the underwater area (10), is
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 reception sector (18) is
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 is taken
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assigned to that area el enent (26), the anplitude val ue
determ ned for each area elenent (26) is weighted as a
function of the 5 specific position of the respective

gea £lgyent  (26) in the field region, and the
wei ght'ed anplitude values are witten to the storage

| Reecrtrilogis B [Pt ed to this Zrea el enments (26) and, in
the process, are added to a stored 10 value which is
al read@rq’“’h W\%\tf%%‘%?%g%l%%]atf% eaCh ThiEngrethbge asand 1s

cl ai W&ﬁséi@r@écﬁlﬁﬁ 4thdﬂﬂ i £ he tdienPogid)i,on- speci fi ¢
wei ghting of t I|tuevalues of éhe area el enment

(26) 1S CartTRE BUC | V3UCh SNy THARS 150 Fackeach | area
anpl i teldenaemat ug 2tehat iss vaesns@cueai ecthswi & h fomestdreea of  the

el eme 6) S It viLy
wei ghiglpégjf oPgE\Ml% %eg%/%%coun?gkiggﬁeedgécaep#é%ent
sensi tf )tylroftftﬁhefleﬁlrﬁéclﬁgﬂictfy & acteristic at the

| ocat '1993 OiqeiBﬁt;ear %%pa_h%ﬁﬁ%l@t x(azﬁ)es 20-8. wIhe+agt had fge
clained in claim4 in whi the area el enents

(26) &t SRffar %OC%%‘H“%naéélaéaF%Hgttl? WHicrRie2 | gdgments
t han of2 @)quahdt; 0 itrhetldespt-edetadi alre res@dt k6n.a 25tdred
The ne\tra b S’hi:cil"ijl igadallrne one of t%aac mscora QOcation

whi ch conpl ex group si gnaa} & ot ai fed Soy Beant or i ng dare
used as received signals. 30 B. The nethod as cl ai ned

in onerod glahme 1,4 0641kBq WH CR1EhR t4 ey pr QJHl Ofne
the magnitude or of the square of the nagnitude

D SO B O et S Gh LR Ay & Mo GIDHA dr‘\?edv%l;}les of
begar or 88 nglédeniSed2 @5 {eceiveded sbgnals. s@éh 9 J@y that

d i f ch
Al B i faCe Pay e ot o7 SoPRatingod widh WHe area
obtemered WBYobeds onwi nigobred ubed casreerEived seégeatsvity

4 Decenper ,py; 20 £62cd8unThe £MBLN0d-8Sept 4
s e e e T pact réSeption
sensitivity of the directiVity characteristic 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 is less 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

signals.

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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magni t ude signal is sanpled at a sanpling frequency of
1/T, and the discrete-tine nmagnitude signal is filtered
by nmeans of a |inear system whose periodic transfer 5
nctdepy H (e 7)T) within the limts defined by half

Eﬁe negatlve and half the positive sanpling circular
fDeatpméreay 3 - 02T and +7c/ 2T26respectively) is
proportional to the ni tude of the circular frequency
dé- f dhes mebhedhas o@g@lmﬁé@n fin oC ¥, Bandi® i ¥8SChr oe
A FARQ O hendippes Eaﬂ?@)iedlét Ehearff@m@l@ aesrecd@rr@d of
i_.n _one of claug;il to 3 and claim c% WQ

di’der & 1 q}eesteartelr%peal‘tacgrle]ot eorSJt‘ﬁlat elﬁ‘llljtjetrered

ygnaleanandoﬂ he rfelama:adsysmfemlaﬂhm vatuiedat tlhleansfer

c&éqg @ﬁh lw?%g E t?%§9ﬁuﬂ?%$hd¥%£9eahggf ]H? the

va ues are alc
ﬁ@géﬁuyannamw abatfalﬁéé |@qmm§mme<ﬂ3ﬂmﬁihnq<)@ﬁe#wﬂar

20 LhaidBl0, oy ch apgpl i tugdeoval ues h 1318 v) is

assocl at ed mnth the time val ues calculated for the ar ea
ARG qEE) G e 1391 gifal thE &S bt At Hedt ByAUSnCY
it erpol @t iFeBm 2hel3.owkle MEhhodtas zekai necthd n-iges of rom

»clalngéj 0 12 |n mhlch the storage content of the

B3y 6 “normal i zed at the end of the
path (28) traveled by the watercraft (11). 30 14. The

W%FhO%H¥5ﬁ%éHJE“Eé”cfé Qal§n bHe“@ECQl%H%s to 3 and

normal’ization is carrie In such a way t hat each of
tHe2 gt ot Bd vidl u\é%lelzanfiaﬁﬁéetren thee svYaLuge [3gEat Fomsciad

iy ded, byHdhe rsumeef thgnsquar gadof thbe mebhghtia@ii of

e oL IS0 nel Pl SSRGSt ored YAl e B 28
WMtﬂttmmseadnmb wamMaﬂlaneieabcuEﬁ@Edmheremanesdﬂmihe

spee in water and z is the pulse duration of
2%36%30%5 l{{:H(]e&nber 5, 2007 - 27 the sound pul ses

enmtted fromthe transmtting antenna (12). 16. The
net hodrias gd@ldmedad Nnconenoh ¢habf® bt @1k83msi M to 6 and

claim 10, in which amplitude values which are
associated with the time values calculated for the area
elements (26) 1in 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 1is
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 c¢1/2, where c is the

speed of sound in water and 1t is the pulse duration of
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5 which a vertical depth value (z) is determ ned at

each neasurenent point (29) by interferonetric

nmeasurenent for each area elenment (26) at right angles

té’oz{a.sﬂgfi zontal reference plane (36), such that the

anpl 1tude val ues which are associated with the area 10

earmnier (26)2EW are obtai #dd~fromthe filter signal

are witten to those storage locations in a three-

dih%n%@@%l pyisragemFEdrdmiECIB) tAtfosier aetitd dainadeasna
Fesponds to the depth value (z), and such that, at

t e end of the path (28) travel ed by the vvatercraft 15

(11), the stored val ues which are contained in store

cm UMEhavmethad ead o hethday it asregeot ocbd inonsl [ocat®ed in

[theall yoneapoye the ailier (1) Lhe SLoIAge Pdiumacy

( are norna are accu Iat
it Ensignental peinand(2e HEptlmt\ﬁaiﬁﬁé:O(I@tr&SBo@%ﬁ@de@@nt

wih thaty | nhensi ty daldde i(9edet gim nednusi Bgles to a
statistical nethods fromt he nor mal i zed stor ed vaI ues

i kA St or e TESRERRCEL7. PHARE netlRGd ras BHEH nedhph  the

Cir@@mthﬁiel RraMiie@h &H@chZ%z@enbeabdlate&emﬁh oththearea
st.ored val l(lgg cont.ai ned i, a. or.e col

S Hed a &gptarf%a?%%a”i ThE ik oofja L& af Wt
iarel aimmti@nor td7, thosahistioratke iefefbone plrane (B8fee-

@ Qf&é%f“%o%({% kg gaundsg) 3%&@%9&& Caéditgfless

Interferonetric neasurenent I's |locate

redereIRenGt ahe £36) derdh TrRlyfet hat agnel &Ufdd FiRtoneat
OEh@I ahes J6 ttae18pathn whi) lcrtrtah;aelrwrbf BY gifhet h\?:ﬁﬁé@éﬂ@ﬁt
C | ONn N a s col u |1 S erirn on e ba
P e UBet bR ar e ' SrdlPhEREE s8Rt 1% DBRGPe
chatanter whtth efre hEormetebyi mgcartgenneoddiorandl ¢heted
ur of h er t rd t -
TASLIEIEIY 808 BINE rakoorhthe 150! e Bl ediun
ne3hod aase charmadicadonendf agkeai ﬁ@cmuﬂ@tﬁ@ tq niglimchan

a; SELONG- § eceilViaNg aptienna (48pkni svRT@vided £8cciated
interferonmetric¢c neasurenent and i s, arran%ed at a

VEFER calthditst anBEePsamvt heV# Yt ristei YehG EATEANa BS1nT
(¢ tiskd hemdepblsvaimes {73 avendeteed nebdyd values

in each store column.

17. The method as claimed in claim 16, in which the
centroid or median of the stored wvalues 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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measur enent and eval uation of delay-tine differences
bet ween the signals received by the two receiving

~antennas (19, 19'). 10 21. The nethod as clainmed in

i m2fy in which the delay-tine differences are
determned by correlation of the signals received by
tPecemieer ezeidithlhg antennas (480,- 19') in a tinme w ndow
whi ch in each case covers the sane tinme_values for the
t40- r etes vBAtRPGnEFs Clpg sl TheohRt Abd Cad1BFailfedq nl -

one Qhiehadiamsddortd 2dceivinihkebethe r@oceiviing provided
ant enna are identl%é} Fﬁg 23. The net hod.as

R mad rhEShe B F i Far Rt 1 T G oA ERA Sactdr
mmﬁ@ﬂiixﬁﬂdxﬁtaﬂmerehﬂpiidﬂmseiumstlsredesvgned dotgena

Q%%QJ a |
ﬁ %e (cp oﬁnﬁ% |r}Ltﬁbﬁgﬁgzhgggctg??st?§€%$ﬁ§ﬂﬁd oy
r@ﬁﬁﬁ%@@@?%ﬁtéﬁﬁb eye}up§ienosth delisy-ddingl €6ffmeenoss

S@@E@ée@n%}?e (( nal®4.rcthe i@t hed ashel atged F8cOIRing
of cl ains in which the receiving antenna (19)

c%%%@%ﬁ%ﬁrﬁﬂ%q ﬁty of directivity characteristics,
whi ch are arranged in 30 rows in the formof fans,

pﬁfferﬁgly E QE;ngglgggnhnaqguﬁué(?%to@?géﬁgggfeghe

bean1ang e i s designed to be
angl ey {tpB) @iff@eem@@@p@r@nd@*@@rmne@118y congetfeion of

S@Héogleﬂgia £4PB) v B&eéﬁéa@w gséégogg Eﬁt@§n§§ (19,
ar e as the installation all ows. % he net hod as

cl%u hed?i r? ckamm 29111510“24wh%ﬁhmnchea<f1ﬁe<:ﬁaﬁh qQrs t

t savel ethdyvd hee et er ciiad ttd Iedsi vl sdigned .0 be at

| east sufficiently long that each 204. 51WD Decenber 5,
2007 - 29 area elenent (26) in the area elenent field
i%ZCovEm@dmeahOHeagtCdﬁdawby Fachnsi dé lvdaddar \L edye 21,

(182) g dphe tl‘ifce%'c%'iv%%%torcr%géﬁ%naé 2819 The 1eHhhoda re

as cl ai e aim 25, 1n whi ath (28) i s
stBanvi erd- |nto two path sections (281, 282) which are
aligned at right angles to one another,, ‘

23. The method as claimed in one of claims 1 to 22, in
which the sector angle (@s) of the reception sector is
designed to be as large as the installation allows, and .
the beam angle (¢) of the directivity characteristic of
the receiving antenna (19) is chosen to be equal to the

sector angle (@s) .

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 (@z) of the reception sector
(18), and the sector angle (@z) 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) 1is
designed to be at least sufficiently long that each
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and each path section (281, 282) is designed to be
sufficiently Iong that each area elenent (26) in the 10
area elenment field is covered at | east once, from each
pad b, seeyion (281, 282), by two side boundary edges
(182) of the reception sector (18). 27. The nethod as
chesereey el 25 or 26,7 i49 which 15 a plurality of

pat hs (28) traveled by the watercraft (11 re v

R T gt F 0Wg© bnélbéhend e V&GS nfllrﬁgj@:rls govered
coveleastebackevaly dattgess@a poaada?B. efibe naBlRod &S the
cIaineg.in gnqgﬁf @#ﬁins 1to 27, in 20 which the
cente a2 s ?ﬁ. 5 t'he reception sector (18)

pointing in the starboard and/or port direction is
a%égneﬂd@t m@?h@?gla% of1 20nd® the diongl tasli nal, 3H:ier0fthe
the watercraft (11). . _

path (28) is subdivided into two path sections (281,
282) which are aligned at right angles to one another,
and each path section (281, 282) 1is 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).

27. 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 (181) 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).



