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2007/ 025572 - 1 - PCT/ EP2006/ 001461 METHOD
PRODUCI NG A SONAR | MAGE The invention reliates to =as9ise

nRbhedof pb2B59duci ng a sonar 1 image of afcwiEeso®d £501461
area, of the generic type 5 defined in the

Cyet om whi choparas ear onrona e 5 W8 SR asouna

in order to produce an inmage of an wunderwater area

(H?e g g@h %é‘iété@“'&% RUL3eS oW th A JQ NG g a sopar
time/ pro uct for goo range reso uti on, an

hmﬁﬁﬁge0§to@@ WARERI VL OF ganfoed aaf a Elf eegeneric  type

dygenskanal, datapasenatatherobjagt crehkeckironsaih 1.
sound transmtter transmts a pseudo-random pul se,

and a sound receiver detects the sound pul ses
refitecihednf romaS shpeenswhasheche sitgrsalsn Ahe basis of

L ti d
ng I3 P€§§£$rﬂgr 0f Lﬁ%? receFVeB%%els gonﬂﬁggg of an

domns reamfrom:t e 1Y) r ‘and covers .
nunBervwatebeamsaorUdi de@Bidvitttp) cisgract@mistiwlsesicih a

sRrgad Qe MHaenA frdn, pidudct F868PLELEA SRGIQN AfsdNeion,
undérwat er, antenna emits a 20 multiplicity of echoes

féPdlna%aCHmBH%eS&ﬁéeanﬂhéChre%%lCRHQﬁ?%ﬁﬁq 3fhode three-

hatmzaptahawm ditalﬂalbasgowr ned yp]ddie tharlieontals beans ound
t he glrectl charaﬁterls

h
PG thrk s FraREhulsl va CORLARLELIRNLE, PUfefe e
pabtiedn refcetitve rs alatte A sehe 25cwntth plilwesc orgirlessed from

pBE ééth'”QnPrOQHH d %ﬁ. QS OUtQUt UQEltg%amformer or

corﬁelators for ang ?e resol ution cells. An I mage

sb@ﬁ@fpé@éFv@§lﬁﬁeléuﬁﬁﬂﬁmﬁﬁﬁ§b§qWﬂﬁﬁHQﬂ? T et o¥eund

a@@o@@@@&ahﬁﬁjacbbéeg Qinﬁ@ﬁb@ﬁabfdaE@Qﬁ§eOIOfdif@bthlty
echoes in the form of set of contour

nes fq; .
eSPATPERGETCELFS A ERERlarP CEihuPEF g}hkﬁuc% a“' tnod

t eehnpquen |seused tof f artta amnojptriveale ri mageehnam ehets  a

tRE?%lP?5H§@§'OB ?ﬁ@g@s%knﬁsi'St%Q%PthSagBerQBQr Afy1e

dentitying I's known for t
soeealbédobr @@dﬁandﬁsqﬁrﬁarhonm*a@bemtﬂébhnél GV e dse by

l'ibpked {9r$Lgnaklprosessi NGingle, 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 resclution 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 technique
is used to form an optical image from the three-
dimensional database, assiéting the operator in

identifying an object.

It is known for this so-called Dbroadband sonar
transducer technology to be linked to signal processing
for sound-reflection tomography for identification of
underwater mines, in order to obtain high-resolution

images of underwater mines from a safe separation

*G00002*

IR



-

- 10

15

20

25

30

35

for sound-reflection tonography for identification of
underwater mnes, in order to obtain high-resolution
i mges of underwater mnes froma safe separation
Lo 13003 bkl 11 11111 LI ML LI pd) o3 6909081 461
WD 2007/ 025572 - 2 - PCT/ EP2006/ 001461 di stance of
0 mto 200 an G _Fer on_" [.ication of
%&5§FP€ereF1ectfng Hgnnb?ap%yato sonat 14 hadi ng" Fegguson
Alépstic86donAmt BEEHE)L1dViye ﬁﬂﬁﬁilcpagssnogﬁhuhy(xo sonar
29%§§mb?or J Nl B QULPOSEoct hayat 81 o1 4] | wgmk,chzo% ‘pages

carrying t sonar t o nove around the
has! eéﬁ>d%?%%tedFQﬁdT%Pa%sP$¥@@S¢n ﬁheccﬁﬁ%ﬂHQRﬂﬁﬂ which

MaBNeta r f PIn§Xa esbyameanss ofccad AbHe. aAd¥iHd N8he mine,
in order t hat Bﬂ$ sonalr can receive echo

S|8ﬁ8hs PRFI ecR f r IR tHE G ne 27 onFdifréfdnd 1in  a
aspe@éntmoaagle@anﬂ@npgﬁanhl@xaﬁpn@s&nucmé@ﬁs of a mine

d d
HABELLRTRARE SR (RS, A D e cono
e@hgngllgnaI@leﬁéeldn\feﬂﬂm e sniesed om tdief Dhfect afpect
spagh byl ng‘ﬁog]r%gffﬁtchogeé&'{sPf@éj@féﬁ‘gaﬁgégﬁﬁﬁmbnaagfe Of sed

an underwater ~ area nmeans osition
BSORGBR G & Gt A T UPRET v of Nar G AR 1 the
t heneecepbmonheseeten veti thaoseupdanecei ver, which is

i ndependent of the beam angl e of beans or directivity
characteristics 20 forned within the reception
sébeomnw%nxﬂqhngst®ada§iwwenhbombjdmtobfe&@dcﬁfying a
agiaved by Hhedeatires dogdlal Mhlge2% e MBLhat yarer
accor |ng to the inve t|on has t he a vantage

uAderwater e opfampigdsia el gh zeogahiba rsarngdon is

WathiBi8R r@sokubi oh&Ordady objiregt Syithihethe reception
underwat er . area and/aor the surface of the bed of the

uRderfat & ar'da G8H Be F&€orded Wt hi 4R déﬁFﬁﬁPQ§?t of

" detai beaht drsylsuféf chbeatsf or tdiirequirgiase figrddesristics

watercraft (waichy i r%éréégggféggtgransn1ttlng and

recel ving antenna to no |ver in a straight
line over a specific path, which in turn is dependent

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
underwater area and/or the surface of the bed of the
underwater area can be recorded with high contour
detail. It 1is sufficient for this purpose for the
watercraft which 1is <carrying the transmitting and
receiving antenna to move effectively in a straight
line 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 methods, the
'position resolution of the underwater area 1in the
direction of travel is dependent on the beam angle and
the number of directivity characteristics or beams, and

deteriorates as the radial range increases. In contrast
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on the extent of the underwater area to be covered in

35 the direction of travel. In the known nethods, the
position resolution of the underwater area in the
deebeon%swavel i s dependent on the pepmsaghs/ftaes1
t he nunber of dlrect|V|ty characteristics or beans,

and 1_gglterlorat as the J2 dial ran i Nncr eases n

ot (I O 200T0 2559 S5 LEBCTREBIsh6T 001AL Tt GO the
tmhsenmmohheunﬂupmﬁlﬁjmnrm%h@ﬂuenemrdnngma)dﬂu5ctlon of
| pyegLhon. o he pasiddpih s esghutign 1 Bthe difaetiofy of,
travel i s i ndependent of the bean1ang e of
derléetsutwwycﬁé}@é@tcéleuretsutecIa@dldu slScmm’c%trﬁntowerer range.

r @@gels 5akbehsedependent canl whOnghhe i Mg tyde (g tim@pect
ggg? angl e interval covered, that is to say on the

Jamgﬁreva(lPBc‘af’eFﬁ@' r @Bt i b SEctHrY ofnt fde sector

rea@&elngB ant ena;, abcwbmabnthee&aﬁe p@fntshen tdeeiving
rwat er are are "consi dered", t he rﬁéelv

anpeﬁﬁgamhlﬁe e ha eré¥%ﬁtp0§“ T avél i ov%?&%?ﬁﬁter
pathaIar@eﬁepabldethe”adhrevablexmmm11mm pesehoti orhile
| h i=Qn :Qf r. . i -T

@hE Gadihe gtaf@, iQf ¢ Lravel, éi%Fnl tﬁhe pulignéral

is the spee soun |n ter

dP&t ifeh i atHe soumid st seesolwl@rs Jlasfches dimsortian of
t e ghaese ot he ynhefs of RPASUl SIEAL BELALS AN ip

t he aspect aryl e W thi'n t aspect ang I'nterv

be sufficiently |arge. The recept.ion sector can be
cBFEFEd B béagris NG WiSEh AUE AR eraltt I T Bilses.
dEteCtBVIﬁysﬁhaéactempsttﬁﬁt Zoomh¢n@o§ée it acemtod® of

0 like fan ,on,.the ane on .whi ch t he
m@?g?@?%?? s PROVICR ?ngstgufesu SPChNidP LG welthin the

peepﬁtenaneéelmntemvaﬁ thebdlseéfnomeotlytﬂaveb i's not

changed despite it being possible to increase the

di stance between the neasurenment points, 25 and .

t hBRef§FEPFRENS 5EEE O6f CRBY Eife O VS Sh @ urRfAT e gring with

Vehlpl&raﬂhéynuﬂbEHXQﬁmﬁSDeCtdﬁﬁ@&ﬁﬁvit?nTdWﬁﬁ&b@%klstlcs
el enent |n th nder wat er__area |§}con3|d red is

tHelCheéﬁgi §IERE Runber °3F BESTESSr bt Fecti vigy on the
chaeaet eni ghiicd ithewhiadlk richre far ea eloenent, aFpearssswnd of

30nean, ber fONtSOL] ebbY RN Alort Nendl shancs; PELYESH o
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
vehicle. The number of aspect angles from which an area
element 1in the underwater area 1is considered is then
equal to the number of beams or directivity
characteristics in which the area element appears, and
can be controlled by means of the distance between the
measurement points. It 1is sensible to choose the

distance A, between the measurement points to be:
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measurenent points. It is sensible to choose the

di stance Ay between the neasurenent points to be: tan
"cT Ay 2r | (i} tang K12 sing 2" WO
2487£0897625574 - PCT/ EP2006/,001461 whes@r febS0bEL001461
nunber of beans or dlrect|V|ty characteristics which
cover th%:receptl S%Ft QEMAth t e hgrlzontal sect c
afigFéS(PB. 5 By WAy of "&%&pl €2f 1 e C 4% asSiine ?ﬁ%ﬁci¥¥9 y
rebepaccarlse@tcrwﬁlqmecpeeeiVHﬁg aatepnachasegtor with
S 0 B h, |s ensoni fied wi th sound
pgﬁgeéoaﬁgﬁﬁgggusggt%gurg@%%n of t = 0.1 ms, wWith the

di stance between the neasurenent points belng A. The

regeindngoanteigordy 16thave assaheoftiheams hwhi £hiception
covers th? tg eption sector _and conprises 10 beans or
y

dPFEEPT VP Faracteri Sl SRed@ecNaof T eht Pas2adbeafts =

~aAgfe ehi®h Assumsegitfied sfeed safurspynd d«x heitth = pulse

1 s_dat esul t 0 |t|on re ol.ution
i%g?ﬁgééﬂdégaé%er grgaﬁﬁh tJJﬂHS@%grécflon of %%nﬁﬁn the
wineRFRTENente@sptiton seotorapf THO. Becmi viingespecting may

of,atBe o ange. ogh%e@§é|WHﬁkjg|§5@@P§ eMeka%ﬁﬁﬂ:Qﬂﬁ sector
measur enent. points, which should not be exceeded, 1s

aBBQtCPWE?Hﬁe%Kﬂqnb?ﬁ@508§eQﬁI Vietvh oels2 ¥ 3@k © Raviel s
neesal |yt beencusetas unt i bemwmgle\/\hb@h dhe aBguhahg the

[ uti of th d t are MAthIn
' SRERH bR sBerbl Tos o serade O By e adm g e e Lo
t he heEaits. or dﬁﬁ@dmmvpmy lmharmmtemde;waSetheusanE1n the
pe§kgbeaoﬁess Ut&fﬂbéi‘th%H%rﬁ %m%eC%geap okfa¥8£t§£ of

.6 cmis achieved at a range i'n contrast,
uépné 81y ec el MR Htisttha aft h the sefa@@ebear?@e maximum

CanBERBERY appr gxkabeal y +430 %@@@r@hen@ rdiMidyY which
characteristjcs and h wth a be of cp =
0°B° HensEmkSr B0FGAEDn At A°PHngb-oF B0 m 30 weul d
reqU|re twi ce the nunber of beans or directivity
In the case of the methods that have normally been used
until now, 1in which the angular resclution 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
of 10 m, in contrast, using a receiving antenna with a
set of beams comprising approximately 150 beams or
directivity characteristics and each with a beam angle
of ¢ = 0.6°. The same resolution at a range of 20 m
would require twice the number of beams or directivity
characteristics with a beam angle of ¢ = O;3°. In order
to halve the beam angle, the length of the receiving
antenna would have to be doubled, for the same
transmission frequency. This clearly shows that, with
the watercraft traveling at a sufficiently high speed,
the method according to the invention results in high,
range-independent angular resolution with a receiving
antenna whose length offers very much more freedom for

fitting even to small underwater vehicles, for example
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characteristics with a beamangle of cp = 0.3. In
order to halve the beamangle, the length of the
receiving antenna would have to be doubl ed, for the
S ion frequency.g This clear
m?gezggﬁ?ggg%Z?ercraft travellng at a su ?|C|e¥§?éP@61461
hi gh speed, the nethod accordlng to the invention

R

r B8GPESTPHShi%Yh, TEPANGLY | RABPERASAE AWGIE AR Yeds oY &l Bhes -

' MhhsagoedallwmgeMﬁlm VMSEhéeﬂgerc@fLEﬁr%fVedb’avel is

re free on1for £ven 1o smal |
Hﬁéermapgr véﬁfcles for r%% WOZ067/ 038572 1€ 5 range
P@ﬁtEPE@@SLOOD46xﬂﬂauﬁﬁhohmusherSﬂ@ﬁateby edrithr dlHedknown

updernwat er %%nw%&%%l ,Thi s, pQsi tipn escBé%ﬂé¥1'rb5£E%ion

direction of travel |s constant and does no
dEEEPLBFAPE a§1tHéeréﬁg@cﬁ%ﬂﬂe%§e§rﬁw¢hxﬁﬁr@§ﬁhﬂyed by

t heaskt uat thrDe Wit Bhbhe akrewd i 5 gmatdioghe CORVERSELY, with a
much better position resolutlon in tEe di rection

S FELFAVAS MO of by CHESTG 15 1 nbeRBERod har - in the
aceeerdiafy tloet heownverdtihanlsy tdnd whecki vifug tartrettia, is

of..conv [ I t in the case of the known
n%%%ggssggﬁggakl8§ggf§rgﬁggnore is 10 still constant
over a range. Expedi ent enbodi nents of the nethod

aegeedhBE et Qhdiaihdyent ben as Wekkhag advant @geous, the
devel opnents and refinenents of the invention are

spBEFPFEEN n@Phe"E5' f uREhef IEFAFFESOW developments and

t beeendingmrusi opal snearihvageibs @ﬂ@anéga@@pﬂﬁé& in the
r%coggtructfd bg negns of an,.interfer

neasur enen BERC ot P BERT Y ng %%?%nnﬂ“?%e is

usédanpﬁeéemabyy atr%cqnﬂununﬂecidlsbancexﬁqanni:heof an

fhﬁ%%rf@@bﬁQtEQEee ﬂbg§e§gﬁ9@£ song 20, i ppge nmakes 1t 4

possible to identif e sea ile' and obj ects
oﬁeFﬁéVééabeﬂﬁt%ﬁﬁﬁl ﬁsthésﬁﬂterPRRﬁQﬁﬁ?kﬁ atthea vertical

uadecwater raga. thTéTGfiﬁ;\i@ﬂt wamcw Idhr*é%—di@l%@rﬂsﬁ%allﬂ sonar
nmor e det ai |l |n fhfol omnﬁg % th ref erence
%% Jre

t 0"BREnprary erb Fhist esedFd PideLe

daadﬁ@@Jewmsmhnthth@lgaabed |bh@3hﬂﬂt@5¢ water volume of

schempheallyea hear view of a watercraft, which is
nmovi ng

The invention will be described in more detail in the
following text with reference to exemplary embodiments

which are illustrated in the drawing, in which:

Figure 1 illustrates, schematically, a rear
view of a watercraft, which is moving
in a sea region and has a sonar for
detection of data from an underwater

area,

Figure 2 shows a block diagram of the

transmitter side of the sonar,

Figure 3 shows a block diagram of the receiver

side of the sonar,
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30 in a sea region and has a sonar for detection of
data froman underwater area, Figure 2 shows a bl ock
di agram of the 35 transmtter side of the sonar,

F:8UbB03 /5BgwE-a bl ock di agrgm_of the rqﬁg%yﬁé 1461
of gthg sénar VO 2007/025572 ~6 - PCT/ EP2006] 00 1§€§b

Figure 4 shoms a schematic illustration of an

i nst anf 4ABOGs ‘st at SHNT ng FAE G eCor bt hySEFatipe of an
formof a plan V|ewmsﬁhﬁ%4nﬂdn5 shewstan erlariged data
illustration of the e |n Fl u ures
each show an |IIustrd$r%%L| order form 3§ an Vlew
t he associ ati on between an area elenent and the

anpl i t udg, val e OfsﬂJW%fé$t§Bl§k%Q@|ul@@%%QaQ@&HM%f the
met hod variants, Figure 8 shows the sane illustration

as in 10 Figure 4,9%%ah &/ igdifietr at-h travel ed by
the watercraft, Figure 9 shows a bl ock d|agran1of t he
receiv$r side of this sonar acco

in
fur t hof TGXERDI 4y SHbOU NARY, P QuRtT6°LhgHs 1dn OTder to
illusteath @n in ordexplain extrﬂeau nassh;ezlgmmrf eremetidedc  an

Teasur ement principle,, 20; Ehgyce sl SHOWS 0,9 €a1 e

of a transfer function
di agram shown in Figuré&he 261fart helgrthod bdescri bad two

in the follow ng texdtiQd vrogducd ng a sonar inmage of

an underwater area, a sonar is used which is carried

by a watercraft and has a sound transmtter 12
(Figureigprand a saunshy ecgieversabd (Higwerayiomheas in
sound transmtter %%&ﬂg a ransn1t3|o%_ modified path

traveled by the watercraft,

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

further exemplary embodiment,

Figure 10 shows an Illustration in order to
explain the interferometric

measurement principle,

Figure 11 shows an example of a transfer
function of a filter in the block

diagram shown in Figure 3.

In the method described in the following text for
producing a sonar image of an underwater area, a sonar
is used which is carried by a watercraft and has a
sound transmitter 12 (Figure 2) and a sound receiver 13
(Figure 3). The sound transmitter 12 has a transmission
pulse generator 14 and a transmitting antenna 15, which
has a plurality of electroacoustic transducers 16
arranged on an antenna mount. The electrical
.transmission pulses which are generated by the

transmission pulse generator 14 are emitted from the
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30 pul se .generator 14 and a transmtting antenna 15,
which has a plurality of el ectroacoustic transducers
16 arranged on an antenna nount. The el ectri cal

t wanswosyoenspel ses which are generated fyr}EB2006/001461
transm ssion pul se generator 14 are emtted fromthe

2007/ 5572 - 7 - PCT/ EP2006/ 001461, transm tti.n
V\ﬁtrg %élgg sAhd Bt ses>i nfS a STHY sn?EEFSﬁ sedt ch?r

’i,rawhmsesspat isglctamglld ,i shatsd eastt.ialasrddrgeiasata least
rggqul%% %ﬁ?tfrrég%pybéﬁhsé§t89V§§ed %gchtqg% %?Yeﬁfd on

recei ving side in the underwater aréa
s&Bfor e&fgIVa Ny i Hgloni 1 hehpl aRdesVateavelrear éfler rvaictht othe

|@ebh@rf@HqEM'Myﬂﬁ&toﬁstﬁ@emeﬁéZ@@t%&éﬁ%ﬂ‘”réﬁgﬂféd to
inF'% ﬁg) d the sector angle alj ned at rig Ift
aﬁBI e el e d S o1 ANE- 1Ot Fomi P tektaagle ¢
t H€iverti cal , seehdr angl eseqnor( Flaggrle 1p1lighbe spatialght
1% 8mg| e ,of % e transn ssion sector, . nfgmfl ed be¥<t as
t et
)

transm I'ng ant enma 15 Ts chosen o] ger
t haa vdrdtiofl t Recteceptidie sect dF198reThe) solihd spatial

reagisernl3yhasci-bhusttat ed Is%ctt%er fof makoai r1aqbhRekene
diagram in Figure 3, has an el ectroacoustic receivin

aﬁFéﬁﬁQlingSnﬁn%?Wba alrul % pIShGisey: of© RRIr pKEREs than
2@havwhbehtaeerkickewise aecasgedson an antenna nount.

Hydr ophones 20 which are |located vertically one above
the other are conbined to forma 20 so-called stave in
ofder spondchieames weer titalas bebhfistmangdf on the form of a

rggekyi nalggysﬁmaﬁ& F%E@% i s3to 4, say #16 JE %&ﬁﬂcoustlc

sector ang Eac t he’ hydr ophones
i FEGStVaned @ﬁtﬁ“@@relf? | SompaTisfioe Pparmulofiml stidve. of

Ah&dEBQhBM@%OpQQnesngcﬁnda§é| Ibﬁe@§s§ta§§§a§§@d on an
ogerat ed at the sane ghals are 0btajned

BRTARRT erBH eceBYFBHPHPP%Et i c%)s Bach wi B S t hePcated
nMeEgrninelégephicomisensi thei byhetr aimd h@orﬁ’ﬂ)ﬁﬁlédil eal form a

oggpggl Egna|§t%58n]tbg hy9£8QPon ?? % a knowmvertlcal

mannér by signal processing, so-ca oF mi n
TheanhorakNFUMIeCcEPEi d1e Seevsing vw‘ye@lfiat Hé%r et:feait/l ng to

agtennancl9 vsral s91rekected tampd hepdiregtiNityr the
hydrophones 20 illustrated in Figure 3 1is therefore
part of a stave. All the hydrophones 20 and all the
staves are operated at the same time. Group signals are
obtained from different reception directions, each with
the maximum reception sensitivity, from the electrical
output signals from the hydrophones 20 in a known
manner by signal processing, so-called beamforming. The
maximum reception sensitivity of the receiving antenna
19 is also referred to as the directivity
characteristic or beam. The beamforming is carried out
in the beamformer 21, resulting in a fan of beams or
directivity characteristics adjacent to one another.
The following text uses only the expression beams, in

accordance with normal specialist use of the term.

The set o©f beams (Figure 4) which results from the

multiplicity of beams 22 that are adjacent to one
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characteristic or beam The beanformng is carried out
in the beanfornmer 21, resulting in a fan of beans or
directivity characteristics adjacent to one another.

3§0TB%03985%W759 t ext uses oqiy t he expr§§§{Q€%§8?2§%%4sl

in accofdance with normal specialist use ©

The set of beans (Figure 4) which results fromthe
nGPOICPEECi $9VFS bddifs P2CERaAtCAr e %djdcenf tof of@ewosound
20Q¢eQ222723-. 8achPCHaP2006{40014 60 aranotdies @@Vﬁﬁé plane

the reception ctor 18 of the sound ecei yer,
Ea%h gean1i2 h§§ a eanl%ﬁﬁ%f 't he pIdne® of ?raﬁ%l the
ﬁOﬂh@wwageﬂnmaftasreherﬂEmtnzanahPMEamobhgmengpteRIgure

ag)t e 1ord 0Ll aagq dhdd L QUEERLS 1A A i,
bean1ang|e al 1 gned ? t” angles to’this referred
t 5SERTERE 6 |J&M%fget§sz% %lwet@éﬁt PealtNsears r okl le beam

C@Vlgﬂ.lg Ol € ( r%gur'eS of gerﬁdgoﬁﬁgggg@o:hﬁﬁﬁ%@t the group
na I‘ t II’I i vi dua ans e ou u
SORARLS TPOmMe IyHrshioHed 2g o2t dvis @rgput signals

ammbnﬁleﬁa aydr&@bsaﬁpleﬂ)abraSﬁﬂﬁﬂsr@rér%mm&ﬁ@ﬂéHW-are
a he4Process h

i% Pglggaﬁ% $Qmp£g$%e§r89uenﬁﬁlgg belng g%i y%ﬂocessed
wittli thige @drr@cﬁompﬂﬁﬁngonmuiWEﬁmgtadde@duvqﬂuﬁﬁe$£mple
f Qumueanplex g;ramesm mlns% Each Qg the Gpnpl ex X OPect
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The receive S are subject to at I|east onée
waveforms further as received signals. The complex
group signals themselves can also be used, that is to
say without the baseband mixing and magnitude or square
of the magnitude formation process as described above,

or their real part can be used as received signals.

The . received signals are subject to at least one
correction in the block 24, for example in order to
compensate for the decrease in the amplitude of the
output signals from the hydrophones 20 caused by
geometric attenuation during the forward path and
return path of the sound pulse. The corrected received
signals are filtered in the filter 25 in such a way
that the low-frequency components of the magnitude
Signal are provided with lower weightings than high-
frequency components. For this purpose, the filter 25

has a transfer function similar to a high-pass filter,
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25 elenents 26 arranged in rows and colums is defined

i fin bheeunder waler ar ea sk0a rThe2/ed 2l SIS A8 &L ares

10, as 1s 1illustrated schematically by way of example
in Figure 4, a field comprising a multiplicity of area
elements 26 arranged in rows and columns is defined in
the wunderwater area 10. The area elements 26 are
preferably square with an edge length which 1is
dependent on the desired or maximum possible radial
resolution. When continuous-wave pulses are emitted,
the edge length is designed to be equal to or less than
c1/2, where ¢ is the speed of sound in water and =t is
the pulse duration of the sound pulses emitted from the
transmitting antenna 15. The edge length may be chosen
to be greater than c¢-t/2 when using the method, as
illustrated in Figure 6, for association of amplitude

values of the filter signal with the area elements 26.

Figure 5 1illustrates an enlarged detail of the area

element field. FEach area element 26 is allocated a
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bgapforABr L2imas,eonpl ex received signals associ ated
with the beans 22. The group signals are subjected to
signal processing in _
The group signals are subjected to signal processing in

the manner described above, so that a discrete-time
filter signal (Figures 6 and 7) is produced from each
beam 22, as described. The filter signals of all the
beams 22 are used to successively reconstruct the sonar
image from one measurement ©point 29 to another
measurement point 29, thus resulting in a complete
sonar image of the underwater area 10 at the end of the
path 28. For this purpose, strips 30 (Figure 5) which
are curved in a circular shape and are adjacent to one
another in the radial direction and with a radial width
of c1/2 are defined at each measurement point 29 in the
region of the area element field constrained by the
beam angle ¢ of the beam 22, extending as far as the
field region boundaries, that is to say as far as the

boundary edges 222 of the beams 22.
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beam 22, as described. The filter signals of all the
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(ﬁpwfr$_e%5pégﬁagét§eéﬁf area elements 26. For all the
area elements 26 which are located entirely or

partially within the front strip 30, the ‘amplitude
value a(n) is written to those storage locations in the
store 27 which are associated with those area elements
26 which are located entirely or partially in the front
strip 30. For all area elements 26 which are located
entirely or partially within the rear strip 30, the
amplitude value a(n+l) 1s written to those storage
locations in the store 27 which are associated with
those area elements 26 which are located entirely or
partially 1in the rear strip 30, with the amplitude
value in each storage location being added to a store
value which is already located in this storage location
and is obtained from other beams 22 or from
measurements carried out at previous measurement points

29. This 1is done for all the strips 30 which are
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regenst ructi @m ofarea weighting factor, and with the
reception sensitivity weighting being carried out in
the sub-block 312 by multiplication of the amplitude
value by a weighting factor which is derived from the
reception sensitivity in the beam 22 over 1its beam

angle ¢, the so-called beam width.

In a method variant, as illustrated in Figure 7, for
the association of amplitude values from the discrete-
time filter signals with the individual area elements
26, the distance between the center 261 and the area
element 26 and the center point of the reception sector
18 1is determined for each area element 26 which is
located within the area covered by the beam 22, that is
to say within the area of the area element field which
is bounded by the beam angle ¢ of the beam 22, and a
time value tp is calculated from this distance, using

the speed o0f sound c¢. An associated amplitude value
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the sonar image is carried out in the circuit
arrangenent shown in Figure 3 in the block 31 for each
20 beam 22, with the area weighting being carried out
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el ement . Thi& is done for all the“area

2@esigned to be less than or equal to the radlal
resolution, which is illustrated in Figure 7 by a front
and a rear boundary line, and 1is ct/2 in the exemplary
embodiment. In the method variant shown in Figure 6, it
1s not permissible for the area elements 26 to have an

edge length of more than c-1/2.

When the watercraft 11 is moving without interruption,
preferably continuously, the described 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 A, 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:
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.watercra

15 which are located wthin the area of the area
element field which is bounded by the beam angl e cp
of the beam 22. The process is then continued in the

sRoe208NNeL5892 that described, -that is #®rsey2806/001461
witing the weighted anplitude values to the

associ ated storage | ocations, 20 and by adding themto
the stored val ues already present there. One
precondition f this method step is that the edge

| engt h of themsguare area el ement 26 is designed to

be | ess tha the radial resolution, Which
i's |IIustraUe 7” FHg ‘e 7 by a front 25 and a rear
boundary |ine,>"and is /2 in the exenplary

enbodi nent. In the nethod variant shown in Figure 6,
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| $2€8bki €dnd in the second-described method variant, it
is solely the reception sensitivity weighting factor.
The normalized storage content 1s stored in a storage
medium 33 (store 33 1in Figure 3), which therefore
contains the entire sonar image, which can be displayed
visually on a display, using computer-graphics

techniques.

Figure 8 shows, schematicélly, a path on which the
underwater area 10 is “considered” from aspect angle
intervals or sector angles ¢ pointing at right angles
to one another. The path traveled by the watercraft 11
is in this case subdivided into two path sections 281
and 282, which are aligned at right angles to one
another. Each path section 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
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out in such a way that each of the stored val ues 10

* contained in the storage locations in the store 27 is

di vi ded by the sum of the squares of the weighting
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scherr@taraalsley,,tl@npatsiz am WheCh, tcnefeo?c&dmd,a{l\/\pé eﬁ'réi\l;@ﬁlng
" nS|dergd" fro Speq&? ] interval s
[

33&989 i e85thB pé?nF A 96£H8F8§ 1% e%néo will
ahevhemeéﬁuanntdedavehpﬁebglyhetmaﬂﬂwcemdtoIlthe;path
t Vi t IO 2 an

2637 Wb eh are alt dned at Tl o ol 667t o me gL 8 i3
aﬁéfﬁé?ulaaéﬁ e R 5 e Ve 2Bhen2$ ¢ ssefelsyneale b of

Of:_héuclhe@els\l'ﬂrﬁ;tﬁ@tte%@@ih ag ea el epRNy 26nd1N thglak8a for
eleneni?fleld covered by_each path sectjon 281, 282

SEFBALE dibe DYY(He HWG 19 oo bouRT Y fedgls PIEZgA LY of

t hetheseeept la@tﬁta&@@tiOfo*ﬂaS pwihtimdt heen es ectrerr ,angd eli(RE’sf Asted

VD 20077 0955 72 oL 18 12 4hET/ Eo0te) DOTE6 " f SEGRELER Sonat
sé@ﬁ@ﬁs18fnayt@nd@dagadﬁrbétegvereasby a nultiplicity

of beanms 22 in order to obtain a distance Ay between
the nmeasurenent points 29 which allows the watercraft

tEOFréﬁéFOQFaQWﬁﬂf%%ﬁ%ﬁﬁH%ﬂrﬁﬁhtE%eéﬂab?ﬁePEOflle of an
undeémaEEEramxbﬂﬂloodmaﬁﬁﬂvewe@rb&rsmamneds@meg three-

aI n h ath .sectjon 2 in the x d ctlon
ongegg %nSaE ey D: CCh sect?%% 555% O%l%gctﬂﬁwwater
whpﬂemEvav©m¢ruyetékmhgashed©a¢h}bs@ tdhﬂva:hes linked to

U{ﬂﬁ?é%&%m@"c?%cl%é’gédrer{%‘ﬁe ReEN-LgC def comPlet &y, o,
athe evg?tlca+ component can be determined for each

scatter point in the underwater area 10. For this
purpose, a further receiving antenna 19’ is arranged at
a vertical distance from the first receiving antenna 19
(Figure 10). As before, the transmitting antenna 15 is
positioned close to the first receiving antenna 19,
although it can Jjust as well be arranged close to the
second receiving antenna 19’. The second receiving
antenna 19’ is preferably identical to the first

receiving antenna 19.

The circuit arrangement for producing a three-
dimensional sonar image 1is 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 2z of the scatter point P with
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10 The described way of traveling over the path 28 is
particul arly advant ageous when the sector angle (PB of
the receiving antenna 19 has only snall val ues, for
e%@”@b@7¥@25§¥2V'rtue of its;gesign. A Pé@fﬁé#édo@7001461
paths are arranged one behlnd the ot her,

illustrated 15 in_Figure 4 or ure 8, in order to
pFGEHEE sdRar | eyes  of %&?%%d% dRdéRAlEerR tcealscom the
Fatneard Dgf aphince surtveyitngretepheoseabed tpreof kb oof s agnal
under r 1 nd/. qr |n orde t.o. displ three-.
25g§tﬁg%§902%<95b95§ t% e sea%ed‘a Eﬁ%r%XJ ﬁecelVlng
manéﬁnvabuﬁ@,Eﬂhb h%th@ddash@egcstbedeabow@.uhelp¢mm@ P,
tgsihpterferometric neasurement nmethods by nmeans of

whi ch™ the vertical conponent can be determ ned for

each scatter point in the underwater area 10. For

this 2§_p__@© e, a further receiving antenna 1 4)
arranged ay a vertical distance fromthe first

receiving antenna 19 (Figure 10) . As before, the
transmtting antenna 15 is positioned close to the

f whetrer edei ¥$ ngttant enrsec e dkttheegh thecahwpuste@siving

m@kkehﬁa%gr?@geqlﬁlOS%HEO EQP1§QTEQPOQ%f%SQ%§¥'”glane 36

ant enna secona recel vin ant
ppéﬁéﬁablyhrééghucéhetor@ﬁélvin@t apeerilyi npoadt epma The

1%anEQerCh%C@dldﬂﬂéygﬁﬂﬁ¥Hmfﬂglﬂ”ﬂH@“ﬂéﬁk&&éJ”é%ﬁa@st1me
di nensi onal sonar inmage is illustrated in Figure 9

For e $aRBIofPUGPpl ETThedsS MMYHE OfD FPI dsceatden of
thae sehbodiknewntpar seshorsi Akemnf ecometric surveying

of the vertical conponent of a scatter point P. The
vertical conponent z of the scatter point Pwith WO
200%/ 02881>d  16s- PEFCERR2B06/ C0ka6l fespecicanmiag the

rﬁR@E?QQ%eE|a§§e§6 l@ Qﬁjcghétegtéf@n%hhethglnErocess of
di fference At of reception of the echo signa

SUSLESREA BHCkF-BREFRe FIACUSS Ve Heet wd SPecdfiefy with
anhennased9 anshddts argh t fe ot stascedistoetertpabntrPiter
SSEE%QQE Cfgmafns rﬁAépdnged and 1is represented by the
block 35 for each beam 22 in the circuit arrangement as
shown in Figure 9 (see also the same block 35 in Figure
3). In addition, the vertical component related to the
horizontal reference plane 36 (Figure 10) is determined
for each area element 26 by means of interferometric
measurement, and this 1is referred to in the following
text as the depth wvalue z. For this purpose, for
interferometry, the Dblock 37 1s supplied with the
received signals of each beam 22 from the two receiving
antennas 19, 19’. For example, the time difference of
signal reception 1is determined by correlation of the
received signals from the two receiving antennas 19,
197 in the Dblock 37, and the depth wvalue =z 1is
calculated wusing equation (4). An associated depth
value z 1s 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 amplitude value
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d where d is the distance between the two receiving
10 antennas 19, 19'. The horizontal reference plane 36
passes through the receiving antenna | ocation. The

rf4Bgeob7i/9268heul ated fromhahf_the neaspeerepLded /001461
time of the sound pulse fromits emssion to

rece e echo signal. t hat r ul t

R Rtt R gt s sEtle At oy e i i rot Sene

uddecmtter—tamea fi0tea tshgnstlarits gfouwt heriprteoesso of storage
oE'a'EQo‘hhe YeLght %% "Phh&“d%.&vg' yes aypocl @Irﬁé’ng‘& Jgally

t he area el enents fromthe crete-tinme
skgAars se€nd iy agrc hapgedn add | & afepresente@daby thise store

bhack o35 shefr teagih Reamd2 iidh it hRiidlido A d ANARIE N o the

as shovvnln Fl ure?l (see alsothesrreblock 35 in )
FAGEFE VBLUe |5 QHdit ForR T S et Vit caf © cotPorfdriter words:
rellat echet OvetJl’I;ﬁlteh:Dr azphi ahde efrel. ence wpliahe 36 (&$gotLated

1g£thst% t qemeﬁ&%r2%9%h % %ielene toé%&o tgF fane
I'nt er eronet neasur enen éH}h ISsISsre e%
teren whetfen | otw ng/yt@mﬂrasseﬁe Sde:mamevall@eazmﬁ@r which

tB'ﬁ I‘leé"v%oscfhe fﬂme'@é?ﬁi@é?@&&%eséhg blT‘Pi(i'é 35 'c§one for
upplied with the received signals of each beam 2

ffeéﬁwht ke W 4 ettt vi igTSDCaREEnAAs SPGh I@%asument point
gxanphaxhgmaeudaigﬁﬁifnﬁ@ﬁaiwheSﬁamuﬁsrf?&ﬁnagwumeelng
eter ne \ rre recel ved Si
C PURFP et it St eI T ¢ G T SR e che
S%poaad chJetkdemhle vatueecz e luea cokated Wsiswy which are

eqy Ei (Qoﬁqé%p %39ﬁ%a¥ eﬂ%hv%%%th ié%‘é;?%ry§ {n! heofthree—

pro uce at the out put (0] eacC
t HdMGREA CBRNEHOE €26 8 -oddte d UM rPla heamPPress nsgorage

modi-bi-ednkorsmieh tanee D & f & - éﬁ@CQbBQe”%‘hQOQ‘)t@y%r in the
descr.i bed above, e wei ghted aggiltude val ue

26071655575 aﬁd Crﬂ’(‘f‘r/tp%%?o gin é§s6&eatsetd”iﬁ t# 1S
edeliiarda al enent b26iandft aken feonithe bdiascreigd-dipe of

filter Si S; t r l.ocatio
SE(I?% L %“ﬁnzaj LE gﬂ? r eej d%ﬁgng:?{gnéq%la%u%%?{\&rnetssaecéupacy of
sﬁbﬁagétﬁééﬁﬁﬂmggFlﬁeﬁépﬁédmﬁésagemﬁétstore

At the end of the path 28 traveled by the watercraft
10, the stored values which are contained in the store
columns formed by the storage locations located
vertically one above the other of the store 38 are
normalized (block 43), with the normalization process
being carried out in . the manner described above by
dividing the stored value contained in each storage
location by the sum of the squares of the weighting
factors included in the respective stored wvalue. The
stored values that have been normalized in this way are
stored in a three-dimensional storage medium 39 (store
39 1in Figure 9). 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 value of
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words: all the weighted anplitude val ues mhich are

aﬁ%o‘é'o@‘ﬁ@zs‘é"ﬁzh the area el egents 26 '81? 3/001461

hori zontal plane are witten to x/y-ad essed s or ag
| ocati ons which. 10 all have the sane verti cal address
zE0h¥ni ETPECdoRRI PR BHh Bésm 29THAG 78 epbared ayalues

eabmoﬁﬁaﬁunemmﬁr[KRJ&pléQ tMétbehBQom@i@EtQme median of
an I|tude value cem? gain belqgﬁ) ed t t he stored

valGed i ey AreTAri tFEH P TIHEY § %r§ Oft I 1s
st:@rledl‘alaledesSbelh@g detpade watliveh zar earkth iad resslycsdtorddas a
i pebhe s;aqru%%l@&athen%nt@ ggyt hi88e . d'f@ﬂé} values

store . he nunber of ess st orage i ons
wWAPEh %ﬁ@t‘p oaétle@Sone»%béterteﬁe Bt hesr' Yi- ﬁdtdlﬁf@ssfd storage

dllbegttll@nsariet faorﬂnoacsﬁn@rrelmtaqrrrsﬂdkatg%e SO 8n 3 | $store
flned an the9 si s .of tﬁ%ﬁﬁ? tical beantaﬁgle C

2 RE B3 o i T e s Tt o SeAbr atgage

obf theé D rsmacrffaeieorm‘.t rire deptdedreds urenantde Atatde &neh 10

Ofath fp%tog e%gt eéheed v\;tytetll']% rt% Crlﬂrteé Ss‘g'(graégscontent

st ore val ues Whl are contal ne ore
colfunhlef ot ele by39t heagt opage I@ﬂ:@tﬁl ok | déaédyed on a

verkbeakly ongrabous dhe Ot hery Qfe then St 3B @re using
nor mai i zed (bl ock 43), with the normalization process
b&EPRGUEEFFPEAPEHCSI heCha fidfifer descri bed above by

di vi di ng the stored value contai ned in each storage 30

| ocati on the su the squares of the i ghtin

fgg oFstpnc ? e respec?lvgcgfgﬁgg Sgﬁgegn%%ﬁwater

seored N@@lﬁﬁammathhaventﬁ%iermmemﬁlqedeamuthhenmaymethod

aLsn ste%%@u'fqe@ tdyge tdtartergs' dagé%] aphag bn is
store val ues

(store igure 9).
a.?@fgﬁepoca?aéd“% t Hr#" ofe fsteélde %fol P2 ehgfen§ st o iggythe

tbﬂ&%rw@hb@hdﬁﬂgit&ﬁhﬁéﬁ&ﬁxéﬁ addu@ssSela@nts which are

ted.to forman inte t va ue far exa
e R SR o B P h O i 15 s iR peher
nenhom§%Heau©edetar@atcub@teraad&pkh aawaetadar deght

%%%g%gg%i ¥ﬁ228$ore 1 #ﬁ% %rd%ﬁeljarea elements

néﬁwawli@dqﬁqHQﬁpqhﬂLkglng in the order of magnitude of
ct/2. Instead of forming the strips 30 in the beam 22,

spherically curved cuboids with the radial width c¢1/2
are defined, extending over the cross section of the
beam 22. The mean radii of curvature of the spherical
cuboids are - in the same way as the radii of curvature
of the strips 30 - calculated from the discrete time
values of the filter signals taking into account the
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 value measured at that time. Before the
amplitude values are stored in the storage locations
assocliated with the wvolume elements by addition to

already existing stored values, the weighting process
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(bl ock 41). For exanple, the centroid or the nedian of

“"the normali zed stored values fromthe store columm is

cal cul ated as the depth value z, and is associ ated as

awp depthogakhe With the integsity val uepct ptpP66&Yyo01461
val ues and depth values are stored in x/y- addressed

st or l.ocat i ns |n a di nensi gnal or ag

223 s % € 5 PelhTen e horeford teontial Hts aend
soﬁar MHagemeeﬁuaemln$urﬂa@e of thhe seamediofVBhees are
ug?%&@@%@ﬁ ar@ﬁago }Q %ﬂﬂ %fyObh%%héllthhe g@tedescrlbed

e Storage cont ent of e store 39 can once
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area elements) in underma er
c@@begedaéfahﬂgﬂniﬁﬂwnehestwhnemlatengoaM@@mm&jls taken

adhagenta dQ,one another @Bga9ﬂﬁn§b0%%r5heeﬁgdﬁyetfgnddata,
have a base _area, top area and a vertical height

cBPF&SFBRETRY £6 FRETH FERSFons O6f 1PRECaPE]IEFERERL S
26, with the hei ght being |n t he order of nagnltude of

c/2. Inste of .form e strips 30 i,n th beam
S35 0% RerE air e i b Vet it aettPER PR W
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raaeupeﬁtceedeteﬁethﬂ=Wﬁﬁeeanq%sléo Inxﬂhﬁn%ﬂ%ﬁﬁxreﬁﬁe,

thaqdirgerete tiaes3Qvalbues ofitbe fddtenhesi gRakstion of
t king i nt o account the R eed of sound,
%ﬁﬁi U £

nd the
des of StRE"AFsctet B Fi Mm% al UBS aﬁg d83Y gRdde Pe
iadwhetegnreuwayfbo t hiee votaimer c e fEmenitls, teat henvehanon a

Eﬁe'ﬁah@e??ﬁﬁeﬁla%ﬂeml% %@ %Lfbjc%(ﬁtrgsg 0 as{sel fé C‘&%g@iégg)ense

0ose Vo |'enent's 'WHi ch are on ft

| ayép pFlane ditoistel diept h oifs dé@lrﬁﬂﬁﬁﬂﬁ- sHengdpt hfyamuethe

Megswbedoat st hatnd i #1®. cgezgreu&hajuam@étﬁedeoﬁahﬂﬁﬁ basis
are stored in the stora ocations associated with

tRé GOFURE EFERENES Eﬁggddﬁtlon to

The method described above can also be modified such
that just one beam is generated rather than a beam fan,
whose horizontal beam angle ¢ is equal to the
horizontal sector angle ¢p. In this case, the distance
A, 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 ¢ 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




al ready existing stored val ues, the weighting process

i WD 2007/ 025572 - 19 - PCT/ EP2006/ 001461 as

descri bed above is |likewi se carried out. At the end

0ot E%oﬁ%%‘ﬁ@)ﬁe”t run, the spored val UPcR)£p2006/001461

processed, is to say nornallzed as descri

above, the intensity value |is accunulated and a de%th _
5C¢&aPue Fof &S nEBRSPEY WatiePPs Carbifdt ¥ lusiagh the

stratestiical seithndsroThtsd mehhodgyardetnt has when a beam

a v%nta?ettgaE %urlngouhe reconstructlg rocess,

curvatGré sf th& 88ind “wavls 2as t A&y PP ﬁgga Snpﬁr

spherical shape fromthe transmtting antenna is taken

10 into account, thus obtaining nore accurate data,

particularly at short range, for image production. As

a nodification of the described nethod, the reception

sector 18 can also be covered on the port 15 side or

by two receiving antennas on the starboard side and

port side of the watercraft 11. In the latter case,

underwat er areas on both sides of the direction of

travel are scanned at the sane tinme. It may al so be

advant ageous for the watercraft 11 to travel on a 20

meandering path. It is, of course, possible to

di spense wth the digitizing of the output signals

fromthe hydrophones, and to carry out the nethod on

- the basis of anal og received signals. 25 The net hod

descri bed above can al so be nodified such that just

one beamis generated rather than a beam fan, whose

hori zontal beam angle cp is equal to the horizontal

sector angle (gB. In this case, the distance Ay

bet ween the neasurenent points 29 nust be very nuch 30

shorter, thus resulting in a reduction in the maxi num

possi bl e speed of travel of the watercraft 11.

However, in this case as well, the horizontal beam

angle c)B of the reception sector 18 of the receiving

antenna 19 is nade as large as the installation

conditions on the 35 watercraft all ow
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as the sonar nount, noving on a vertical path. In this .
V6020884089522 20 - PCT/ EP2Q06/ 001461 p&apgp2bH€/001461
same nmethod wll be carried out with the reception
sector rotated through 90, and wth a beam fan
rotated through 90 in &Vﬁg?wééﬁéﬂaﬁhg manner. WO
2007/ 025572 - 21 - PCT/ EP2006/ 001461 PATENT CLAI M5 1.
A met h d far. produci ng sQnhar, |na e of an nder wat er
arlea ( ustlhﬁéj atfgjornarpr G% 0% cagrrl eoarb l%"% of
vvatnéleawafcter frars aa HrQa)nsLmqu ng annénnalh(lm) ifsorcarried by
eni sghen o ,seundypul sgs eggnémw@@hgl NgnB0kRANA (49) for
whi ch covers a reception sector (18) " w a sector
aﬁ@ﬁéseeﬁBPff%ﬁUW%C%P%$%§ 3Btnad Wé%@§%%ﬁﬂt%ﬂ%ﬁp%%ckl9
f mmchhecwgggwad errefe@ ich0) secwbi Ch(udermatier aar eactor
%i | cov red by at _|east on dlrect I vit . back
cﬁ’& Et et PRI cERF t i & PrEdE ePfithidol & Beam SRgITE TE5) Pac
|mrmhuCMh¢h@nﬁ@mmmmemg ms@hodl@ﬁepswmxehcwm@amWamar area
| d npr i pli.cit Lare |l e -
(30 arr baged s P ahs et Al umeSre et hod | BTqgcivity
tﬁ@a@méle\KIatSérlCarveﬂatf( 16) p@atqf%n{@ala@@mh@a@z@)nql@ (),
ali hogat e %h%thaQ%w1h%C%ka6dl@t@p%t@&ég%aE%Qb@”but
(27), - the tercraft, ( S nnve over a referably
| inear 2pdtF gagfqﬂ%%?%W% BBt Sdot g f (g bements
poi ntingeho steahpad diand/@rs t enpordglummnei sowrdined in

pul se 1§00 ach _case _em.t successi ve,
prefera%ﬁy e§U|g|§F§nFrea é%%ﬁénent poi nts (29) al ong

t he pathch28rrand, chtment beidy scateédedalback fromtorage
the underwater, anea 1QksqkSn2Ridat geyed via the

directivity characteristic¢ as a receivéd signal and

eval uatéd u¢Fhgrarhfgh pads- 16ypROYETt FV25), BRAFTaRaPLly
awplitudaewalu@afwr @ach area ehenentcd@d)on Wiiekltdrs (18)
locate%o@%&@hg re %Edtg%a %%ato port,

- one sound pulse 1is 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 via the directivity characteristic as a
received signal and evaluated using a high pass-
type filter (25), and

- an amplitude value for each area element (26)
which 1is located within the area of the area
element field bounded by the beam angle (@) of the
directional characteristic 1is determined from the
filter signal obtained by the filter (25), at each
measurement point (29), on the basis of the
position of the area element (26) 1in the field
region, the amplitude value is weighted on the
basis of the position of the area element (26) in
the field region and 1is written to the memory

location associated with that area element (26),



30 elenent field bounded by the beam angle ((p) of the

" directional characteristic is determ ned fromthe

10

15

20

25

30

35

filter signal obtained by the filter (25), at each

nRasgoenzobseabnt (29), on-the basis of pdE/EPLSOE)OH1461
of the area elenment (26) in the field 35 reglon the

| d | ht ed.
Sggllfgn%oyﬁlﬁghgféwel engn%g?igg aSIEh?lgﬁﬁmFébl%%lue

and i stiwict tenatloeehy pegsERt hoc&hh@nmagsmglabeatwwhh
that area el enent (26), WD 2007/025572 - 22 -

PCT/ EP2006/ 001461 and in the process is added to the
ménor y TG4l §€ LhoRate S S laimesdy prdsert §n tthath hefoggmplex

| ge¢atibonsidnaThe aBthodeas sl ai PBEnESrGlAgM drei Nused as
whi ch . conp | ex gégroup signal s obtai ned by beanform ng

aF@Cﬁégﬁ aS'9Pécéi'ved signals. 3. The method as
claimed in claim1, in which the tinme profile of the

gnlt%ﬂg QKe@H‘ﬁh%Squ ?HQ% Ege cﬂaldma%”'t%ge 1ch the

conplex group signals ave been obtainhed b
béamomrafg lies @%e@hasmﬁé@éﬁvéé sirgraf sthe. Sﬁh@rﬁeﬁﬁbdthe

agaghai-red 'Bf0|@éﬂ%ﬂex| ny Mhieh H@%al@eahhgéﬁtshgte been
group .si gnal s that have been obtalned b

y
b8ANFOPRINGYarEstised™as o déei'ved §Fgﬁ§F§lV§d TREnals.
net hod as clalned inclains 1 to 4, in which strlps

( O) ch ar rved | rcul ar, shap ext end

:NSIPS rnég b8un<f:%1£r]ﬁ“emeOll aré acd]]aalé%nﬁ’to rﬁowgﬁ(? the
ameahepantﬁtufrqmb@@ gdigeel s obhahdhhaee bkeen obtained by
Phedrietml Aabuger adal 10 dbloaredf ghard L order to

determ ne the anpl |tude val ues | ield region,
their nean radii of curvature are defined by tine

val.ugs%@i @({éthhﬁjéﬁ %@eﬁlgyﬂﬁéﬁpghed:l?%ﬂs??ll tS@@ed_,ofinl which
soun ave. been taken fro e filter signal,

SRR ATk e SR TG Wale, Of t Fie FrFERH oL, ginfre:
isxtasgo@qﬂuhhvwi@ldheegespebbumdbyiEake@ﬂHlnﬁjaﬁant to
ande | 8R38lgned fo gach faagﬁyf' CHRRLCL20h Weh fve -

| ocat e entlrely or partia In t estrlp
d@gﬁﬁggegvlng@l@her@@h@lVaq are formed in order to

determine the amplitude values in the field region,
their mean radii of curvature are defined by time
values which have been multiplied by the speed of sound
and have been taken from the filter signal, and in
which the amplitude value of the filter signal 1is
associated with the respectively taken time value, and
is assigned to each area element (26) which is located
entirely or partially within the strip (30) defined by

the time wvalue.

6. The method as claimed in one of claims 1 to 5, 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.
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6. The nethod as clained in one of clainse 1 to 5, in

" which the area elenents (26) are square with an edge

l ength which is in the range of a desired radial 35
r 480bBb9BosBRef erably equal ;5o_the radighy j£59h 4 ) 01461
and the ?adl al width of the strl ps (30) l% / s?gne}al

equ to the desired radial resol uti on .

2307/ o§%§7§‘e thogl Aoty Glffoocia%lofﬁltﬁélsrrétﬁ&d s 1n
chaiiped tihe anel gift iolq@i ob ﬂhéOaﬁplhﬁudthQHdékils carrled
L,ghting_of the an I|tuevalue3| arrled out .
\Qﬁc% a ‘way Sﬂtat edc %tude val ﬁlajt 218¢" thae is
aagegpata@ddetlrtmr@ear@ae@l ehemnt26)26| s lmuIMulpim;elderty by
528N AlLa N‘@i@mm@ taetet Wl@m takigss ageeuaktof 4 that

that conponent of the area of the area e
WRPBRONENT| aatté§ WERi 19 ft AdSstatigs (B®merdnd/<f) bi/hJth is
raaeatean wﬁﬁﬂt&i tkvet ysoneigght Bog, f %%t(ﬂro,r V\Bycla t 8k&Sption
accountt the recepti on ecn5|t|V|t¥ t.h p
dPFEELIv %Wlow%h% Y iSO at the ]Poctaﬁ‘ieo% 8fcPHEt ©
ateea el ecrmmptl(o%) Sendgheivkethod a$ cl aihred idioxnet ofity
c t t ude ue r
e Bt i) 2t ie i R e | Sfa Fhgi oar sfe SPifent
détédni ned by determining the distance fromits center
(261) to the center point of the reception sector

a tine alue is_calculated fromthis usin the
(éeed ofCsBEhdC%nkF dnta W.tmd%n%a%ecgéwa at , 1n
wiwhh chhathet |arrepl/attume| sa2Q0ctaken feornt heeki |etl%rment (26)

o (o)t 6o TRE ahone hEr BT R IRaY 1t Aflinins

- 8thiendubsitercehed raar et €l e s (26} ) ate $hearagntwizt hpoint

apredged engéaepgﬁoeohl g@ctarl esagt han epr eqyal tvaltu%e is

desired rad |a resol ution. . t hod as cl ai ned
i A2EFHAM-8%rETem | T dwhi Eﬁlnﬂhéh\ﬁms@’rﬁqdngo%f spped, and an
aﬁmbﬂﬁudeeva{/taJESel Sa@s%dfieetdedwtwﬂ‘dh 3Basuchidewayathat is

a |tud vaLu that ciated with one area
agﬁgﬂtrr&l(rg} h’l Fleé‘glg‘y a Oerce%?d% time value,” and

is assigned to that area element

9. The method as claimed in claim 8, in which the
area elements (26) are square, with an edge length
which 1s less than or equal to the desired radial

resolution.

10. The method as claimed in claim 8 or 9, in which
the weighting of the amplitude values is carried out in
such a way that each amplitude value that is associated
with one area element (26) is multiplied by a reception
sensitivity weighting factor which takes account of the
reception sensitivity of the directivity characteristic

at the location of that area element (26).

11. The method as claimed in one of claims 1 to 10, in
which the magnitude signal is sampled at a sampling

frequency of 1/T, and the discrete-time magnitude
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characteristic at the |location of that area el enent

(#B) 2089 /b255%he method as_chaioned in onscpfesbbEPodiael
to 10 in which the magni tude signal is sanpled at a

f 1/T, and the di te-t
TaONT P a0 U0 J00TF BI552 1A - oBCH ERSODRf OGUABET PSS

' spgmabdus f Ek&esédr byt weansorof HxdijeaMl$wSmenthhosblmlts

peemge gn%{aef fungtign, sléﬁéeT)a N heypli n%5§1tlve

defi ne he negative and ha t e positiv
séﬁﬁpﬁﬁ690|ré&ﬁéﬁ”ﬁﬂéquéhﬁyﬂ$ﬂﬁﬁQT atmdt /4t / 21ang  +n/2T,

respgetiveky) ) |SlSW@E’@{)I)k@D@haiOtthﬂ@gﬂ!angquQE tctte the
circul frequenc fallglfro the |[ower limt

SETOCUBAA 14 BTt Pr 0ZFbLEN AibhoF P mi2ie 2L ifRE  to
nmekhod asdclraiserd firemonerof tel ahesubpte Tiand. 10
claim1l, in which discrete tinme values are searched

for in the filter signal, and the nean radii of

cdrvat Uhe ofties sty iPp8O) whiehecahf béaassodi dted’ and
Wit hithose tiipe ma@sdégerg@eC%Il%edvgyugga%% fsdbfcneq
speed of sound. 15 . The nethod as clained in one o
cffarns 18 t6h¢g0 §héteélaﬁhgﬂil'|naQﬁlcﬁh%npm$%%deradll of
va:uuelstwhlecrbzar €heaSSOGi |e<d3wp t I'\]Jhtll'zdgl teae \ﬁ;@l ;J£|§soc1ated
cal.cu a el ement.s n the filt
S|g§alﬁg?e ob?ﬁm%egagueszﬁﬁnﬂ%ﬁﬁ) q 4\bﬁ4me?ﬁé 3t the
methed a$ chbanned in one of clains 1 to 13, in which

the storage content of the storage nedium (33) is

normal i zed at the end of the path (28) traveled by the
253wat &her aPtheg1ps clsimpere iretiod ods Glainred ite 10 and

ckakiml4, 11 Wh'nCh #HE-h NoLpRhkzakieon §$5) ¢ i @@ QW are
in such a each of the stored .val ues

R At S I, T T P

t kéesemcef (he) squar eheof f1iheeweighynalg afract obsained by
i@gkgggglggigge respective stored val ue.

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

.15. The method as claimed in claim 14, 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.

16. The method as claimed in one of claims 1 to 15,
characterized in that the radial resolution is c¢-1/2,
where ¢ 1s the speed of sound in water and 1t is the
pulse duration of the sound pulses emitted from the

transmitting antenna (12).
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35 where ¢ is the speed of sound in water and -c is

the PdbI¢0d8Eabi on of the soppd_pul ses eﬁ@:ﬂ@ﬂzé@@momel

the transmtting antenna (12). WO 2007/ 025572 -

PCT/ EP 06/0041 17.. The met hod as imed in one f

A m 100 BRTEOR 7% PeHes ot Crar e Wl L ()& &0

|szhdeheramwmd:1a1alea@drptmeashmenem pei mtet(€2)inmyd at each

'%Sét%%ﬁkf'&oﬂ?@s%e'}er@ l?lfte?%‘é'}oﬁ 18! eHBOL, rement
right angles to'a 5 horizontal erence plane

(ée}r sa€h t haeat helewaprit tde) vaPEleerEﬁlEh aprgles to a

apseci-ahed 1M thethecbea LlRENt $3626) and-r@rethat the
obtained fromthe filter si naI are witten to those

s?@Pé@euijcaY?%ﬂ%slﬁ“hwt‘hre o ENst dhed é”tld'*rkhgehe area
nmedienenE38) ( Blmosen&'eéfrlecadbt&ddfeﬁssfrdl@ caer esipands $§0gnal
the de th_val ue such t at  the end of

sl o8 tr‘évélh)é’& bySF &7 tgi?%dra FHOPT1D" PhetnTee”
st:lemedsualnaés athvi sy caree dom ail Bé d Mhoeteor\@rtacﬂaﬂnn@ddress
m@o?c'?e@?%ntﬂ%”@ tlE’B{eSB%@Hev'aQ%%“@S | ogat edcn that at

verti ca one above the other in the st orag@ nmedi um
1§h(338?“%r einorial P2E@ ahtf lar éravedRal dted 6 forheamratt
i ntensi t%é/alsUSreandJaflh%ﬁephthmali;% (gdnasspebatied store

wth that intensit |lue i s determ ned us

SFRLPEPEC ATt hBHS FPGMeEhe hoF haf Faed 16 ad \Fal hieg? ted
i Neeacdhadtlgr eocrom| abmve2HES. o‘ﬂ'herrre'irhodk_las stlcaianged medium
cliaim 17,1 myhioh the centrold oroedian of therory, an
stored val ues contained in a  store colunn is .
dénéFnisaéd asaaldeptdndalie. 280U, VEHelret(Rod agsociated

Clw@*tHEd tRa¢l ai f@mée?n@ft 8, ddrushi chs thgekefREBREE using
pl ane uchthat the sound receptjon

[ i ned
A S b s ThIGs { EF et Toaerbags: Streed Patues
| accaktedhostohe rceflermence pl ane (36). 30 20. The net hod

as clainmed in one of clains 17 to 19, in which the
nunber of the storage locations in a store
18. The method as claimed in claim 17, in which the

centroid or median of the stored values contained in a

store column is determined as a depth wvalue.

18. The method as claimed in claim 17 or 18, 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).

20. The method as claimed in one of claims 17 to 19,
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.

21. The method as claimed in one of claims 17 to 20,
in which a second receiving antenna (19’) is provided

for interferometric measurement and 1s arranged at a
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colum is defined on the basis of the vertical beam
angle ((ps,) of the directivity characteristic of the
receiving antenna (19) and the neasurenent accuracy of

3%d B ol @E@Qonetrlc depth,peasurement peflpp Bg 001461
met hod az%%lalned in one of clalns 17 to 20} E mA ﬁ

a secqnd .recei vi rovi ded for

ﬁ% ant enna gﬁ
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ZQOP/OZSSﬁE - tR6 - dBthEP%@QGé@Ol461 ¥eeti dabermined by

di rom cej vi g enn 19

S BoStR U uts oy e Bl 1 e by halEur BhEhE T enoes
amlé teeglhuatthen 6f gdellay- rEﬁéldEﬂfebEncebe betvaeenethéving

sth%h§a%e gigved oy the two receiving 5 antennas (19,
19"). 22. The ‘method as clained in claim21, in which

the delay-tinme differences are determ ned by

CQQre|&hbonr@ihodh@€SRgnﬂg&xge§ﬁi%ﬂ@lby 1he &gﬂ‘dhlch the
recei_ving _ant s (19 1 in ndo

i feEAdh gasecgggg?% 1He Hedime %%?ﬁ?l thgyf%?rf%%MFth of
r etei vedreilgnalesse i2®d The trt&t hod> asecd avimeg anteneasf (19,
chajns 0 c recei n 9,
15’) ar%r§3 %5 ?ﬁmntlcgﬁgh22”¥T %%thé%ngség%glggﬁm&%; the
ofENGf Ll e lbaso 23, tihe twiei ek cereesestiemadmgl e

((pB) of the reception sector is designed to be as

ge the installation allows, and 20 the beam
wigte 2 THOHGL WP rECORUREy eniroeri SLPCTar 1B Hee 22,
recei vilmgclant emra (18¢elsichosemteanae equad, to itdhe  are
Sk ; %ggle ((pB) 25. The nmethod as clainmed in one of
clai s to 23, in 25 which the receiving antenna
(19) covers a nmultiplicity of directivity

char acheli $idi¢S,q Wi ¢h Ang Ary rrarag%ﬂ di cm%s i *{,J}ez3 in

formof fans, preferably with the sane beam an
(FBChnidse Sfdedr b@%ﬂ%%ndﬂ’@ (PP) S désigied™ oS%%tor is
eqileallgh@dt he sectaor langle {{ pB)e Ofn:t&'lﬁll@tcﬁ@;ﬁ | ®Nlows, and

tor (alsl’ a(Qp thte S’hethg)r af e %aracterlstlc of
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preferab desi gne e a3 arge a
[ ﬁélpalrlea:temfnnal laowsnn26. ( Ifie iretdiotseas ol dhareelqiianl to the

C%%E%b%4a%@l%5%qﬁp.MMiCh

25. The method as claimed in one of claims 1 to 23, 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 (@) is preferably designed

to be as large as the installation allows.

26. The method as claimed in claim 24 or 25, in which
the path (28) traveled by the watercraft (11) 1is
designed to be at least sufficiently long that each
area element (26) in the area element field is covered
at least once by each side boundary edge (182) of the

reception sector (18).



the path (28) traveled by the watercraft (11) is 35

' designed to be at least sufficiently long that each
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area elenment (26) in the area elenment field is covered

atvol eadt7 /02eg 7y each si de_boundary edgepéiﬁﬂbz@bsyb@msl
reception sector (18). WD 2007/025572 -

PCT/ EP2006/ 00146 27 The thod s .cl d in _¢laim
g? |n%%h|c %h & th:¥§%3qfs Suls IVIdg% |n%o £ ych the
pa@hhseCZSanS(28£KMV§ﬁ§dMMnCh dre apaghedeatt rarght (281,

a@@zs;s JrQ Qe anot he medan %@fﬁntp%*a1%%Ctec9nor(88;-nﬁther,

is designed to 5 sufficiently long that eac
aﬁég»e?%ﬁ%nﬂxfﬁﬁ)sﬁﬁtﬁﬁé &t el el’ment 1pj elepigned to be

cgv;erfqd;l@htll@asj;o cehgftr Oéﬁc,gfﬁcbreﬁaté;i)é@é}{ﬂt gmzé?SJa,n the
tMD Sl undar S of e

Gkt I R o L) S T8 e CdeASE R i TR Fach

cbamﬂ12§eotlaﬂ |283Mu eh2)a plwr albt ys ode pathusda28) edges

trqﬁele%fbxhth% g%g%%ag% t%%l)l% e arranged in rows
one behlnd t he ot in or &over a relatively

| arge sea area. 15 29. The nethod as clained in one of

Cb@'WBT%é”%égﬁodrbsV@U&ihé@elﬁegigﬁmaﬁ%scﬁJ%ﬂ» of , tP8ich
reception sector ntlng in the starboard

afRd/RoY o t i PéctE?ibW?r s 2§ gtri@d’efitedan Andgie ofappreraft
t g 1tihe arengirtrudiqeal  iaxirsowaf oddﬁbé%ﬂﬁﬁcﬂﬁﬁtoﬁﬂéﬁ in order

to cover a relatively large sea area.

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




