- 1 METHOD FOR GENERATI NG A SONAR | MAGE The invention relates to a
met hod for generating a sonar image of an underwater area by using a
sonar carried by a water craft which-has-a transmtting 5 antenna
for radiating sound pul ses and a receiving antenna for receiving

sound waves back scatt ¢egidy ar (digrundenwatersAmea, rMtich spans a
receiving sector ~with a horizontal and vertical sector angle which
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opened iID t heecatinhery ofnteedran hAvangecei vrageseehonhadfiet heorizontal
underwat er 2 n t nultl licity of echoes for in each
case one cel n8 %gggﬁFgg Qgngﬁ ron, °the horizontal width of which
is determ ned by the horizontal aperture angle of the beamor the
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with a 30 stored pattern of the sound pulse in correlators,
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image memory which 1is organized as three-dimensional
database of the object reflections. A sound transmitter
emits a pseudo random pulse and a sound receiver
20 detects the sound pulses reflected by objects as echo
signals. A multi-beam-forming or direction-forming
unit, following the sound receiver, which spans a
number of beams or directional patterns opened in the
manner of a fan in a receiving sector of the underwater
25 antenna outputs a multiplicity of echoes for in each
case one cell of angular resolution, the horizontal
width of which is determined by the horizontal aperture
angle of the beam or the directional pattern,
respectively. The echo signals are correlated with a
30 stored pattern of the sound pulse in correlators, at
the outputs of which time-compressed pulses are present
for cells of angular resolution. An image memory
accepts the output pulses of the correlators and
generates a three-dimensional database of the echoes in
35 the form of a set of contour lines for each range cell.
By means of standard computer graphics technology, an

optical image which supports the operator in



By nmeans of standard conputer graphics technology, an optical inmge
whi ch supports the operator in - 2 identifying an object is
generated fromthe three- dinensional database. A known nethod for
det ecti ng objects buried in the sea 5 bottom (St even G Schock ET

AL.: "Buried; @b ectk l%anghngokap "id Eg% CEHCEANL C 1o
ENG NEERI NG, Vol . 2 t ober (2001 10) XPO011042612)

generates i nﬁ@@§n§ﬂopﬁﬁed§ﬁébééﬁl e sections which are enclosed in
sand. A sonar illumnates a wide strip of 10 sea bottomw th a |inear
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array. Th?e ohbptnbmof tSh@vteydrdhhon%clma:]ay ES sabj.ect “tBurirear -0 gk
focusi ng whi ona c

bottom The %ggrﬁhkgésﬁé}%clﬁy ng }238 gﬁ?ﬁﬁhﬁcgﬁigwgndim roves %’he
S/Nratio. AVPép AfA.ewand4si decmkew 0£0Phe (284 a0 om BRY GV EH 29Tom a
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depth in which the objects are buried. 20 An energy detector |qcat es
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Am 117(5), pages 29 2928). For thls purpose
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hunti ng sonar, so th@tC t he stqcnar cag .receive ec%ho g/lgn reflect ed
by the m ne .F 8 e ScCa er an 1mproves ratio.
view and side view of the sea bottom derived from a
three-dimensional matrix of focus data supplies the
position and the depth in which the objects are buried.
20  An energy detector locates the targets in the focus

image data.

To identify sea mines, it 1is known to combine this so-
called Dbroadband sonar transducer technology with
25 signal processing for sound reflection tomography in
order to obtain high-resolution 1images of sea mines
from a safe distance of 100m to 200 m (Brian G.
Ferguson “Application of acoustic reflection tomography
to soconar 1imaging”, J. Acoust. Soc. Am. 117(5), May
30 2005, pages 2915 to 2928). For this purpose, the water
craft carrying the sonar must move around the mine,
detected and classified in conventional manner, e.g. by
means of a mine hunting sonar, so that the sonar can
receive echo signals reflected Dby the mine from
35 different aspect angles. A two-dimensional image in the
shape of the mine 1s generated from the received echo
signals by means of tomographic reconstruction

algorithms.



35 different aspect angles. A two-dinensional inmage in the shape of
the mne is generated fromthe received echo signals by neans of

t onogr aphi ¢ reconstruction algorithms 3 -3 The invention is based
on the object of specifying a mnethod for generating a sonar inage of
an underwater area by nmeans of which a high spatial resolution of

the 5 under er .area within the receivi sect.or of nd
recei ver m@%ﬁléﬁﬁﬁ”ﬁﬁfﬁh i3 Fﬁ&?ﬁeﬁﬁénEQSfC&Hé“ﬁaﬁ%%tﬁpgcéﬁéFégoﬁi
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t he underwat er area and/or the surface of the bottom of

under wat er afBTAPESdeteeted Qi t RRegried™Yerdi | leAei?FiL?Hélll ypatterns
strai ght-Ilineothadelviehihhehewaterigialt seatbying the transmtting
and receiving 20 antenna over in each case one particular route in
paral | el planes |ying above one another is sufficient for this
purpose.l0To &tapkdfipgt e terei novegyiothe ther aveldaly pkarehdfeviche by

water craft ig.called harizoptal  plane and the plane oriented at
right angles tﬁereto fs 25 caﬁ? d vertical pl ane. Correspondi ngly,

angles in the horizontal plane, that is to say in the traveling

pl ane, are C@héeﬂebﬁbdzﬁ'&b@'rd@ﬂ@' €% and anglesion the el tisalnilane
are call ed veﬂtlcal e length of the individual routes and
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the bottom of the underwater area are detected with
great detail. A wvirtually straight-line travel of the
water craft carrying the transmitting and receiving

20 antenna over 1n each case one particular route in
parallel planes lying above one another i1s sufficient

for this purpose. To simplify the terminology, the
traveling plane of the water craft is called horizontal
plane and the plane oriented at right angles thereto is

25 called vertical plane. Correspondingly, angles in the
horizontal plane, that 1s to say 1in the traveling
plane, are called horizontal angles and angles in the
vertical plane are called vertical angles. The length

of the individual routes and the number of routes above

30 one another 1in parallel are again dependent on the
extent of the underwater area to be covered in the
direction of travel, that is to say in the horizontal
direction and perpendicularly thereto, that is to say

in the wvertical direction. In the known methods, the

35 spatial resolution of the underwater area 1in the
direction of travel 1is dependent on the horizontal
aperture angle ¢, that 1is to say the aperture angle

spanned in the traveling plane, and on the number of



in the vertical direction. In the known nethods, the 35 spati al
resolution of the underwater area in the direction of travel is
dependent on the horizontal aperture-arigl-e cp, that is to say the
aperture angle spanned in the traveling plane, and on the nunber of

- 4 directi amabc@abh@anspaﬂtéaﬁmofnbtela&sr eGei vhag r%%%tl%n Ngbctor
deteriorates wi.th . increasin radlgﬁllt di st ance.
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points of the wunderwater area are "observed” wi th the receiving
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sufficiently large he spatial resolution o rwat er are
per pendi cul afyebBat ke edi ridtt | 6ALBE PREVER, bhathe swebers&yafh -t Hghe

vertical dirgekifom lazhdepemdentsgt thie rauaberioh Lauties apove- o,
another in parallel which 25 are travel.ed thr ugh by the water

craft. The re€ei vicagesdector ganebelipan /blyl—lge,ammmm ngc oris  the
direction-formng by a nultiplicity of béans of directional patterns
| ocat ed 1a&dj acehbbytyo @he sanotdhetin the water and 1t is the pulse

duration of the sound pulses. Nevertheless, the number
of measuring points, and thus of the aspect angles
within the aspect angle interval, must be selected to
be sufficiently large.
20

The spatial resolution of the underwater area
perpendicularly to the direction of travel, that is to
say 1in the wvertical direction, is dependent on the
number of routes above one another in parallel which

2b are traveled through by the water craft.

The receiving sector can be spanned by beam forming or
direction-forming by a multiplicity of beams or
directional patterns located adjacently to one another
30 in the manner of a fan, all of which have the same
vertical aperture angle as a result of which, the
distance of the measuring points from one another and
thus the traveling speed of the underwater craft can be
enlarged but the spatial resolution in the direction of
35 travel 1s not changed. The number of aspect angles
under which a volume element in the underwater area 1is

observed 1s then equal to the number of beams or



30 in the manner of a fan, all of which have the sanme vertica
aperture angle as a result of which, the distance of the neasuring
points fromone another and thus the-maweling speed of the
underwat er craft can be enlarged but the spatial resolution in the

direction of 43p-travghii s Aot Ghanged, The: swnberof vaspeet angles .+
under which a volunme elenent in the underwater area is observed is
t hen equal t BPPRET AunBBF 6?“b@§m§QﬁtﬁpléeddPW€étﬁ@ﬁmdﬁﬁﬂ%QQQHQﬁr?he

whi ch the vohyaeuelegenboiappearshe anti camde egnteol | €tk ovefadiheing
di stance of the neasuring goin%s Theldiftﬁnge " of the measuring
points i s appPoPiratel §PREPRELEESLE Be BEaR 2°ciF tanl ~9B 2-sin (5"
2K 2 wher’e K is the nunber of beans or directional patterns which
cover the receiving secter with the horizontal 10 sector angle (PE

As an exanple, a receit sector of the receiving antenna with a
sector angle cp =4HF d which is exposed to sound

pul ses of pul se duraubﬁnfﬁq Q-ﬁa-@&; ns at a distance A. of the
measuring points from anot hel./ The receiving antenna is assumed
to have a beamfan of 10 beans or directional patterns covering the

receiving sector which in each case have an aperture angle of 9.
Wth a vel ocvegref Ksagndhe :@@oa500f npsamg gpatdidgleatasyladt it tofrishe

underwat er apgacni ndhe dihectioe Of i g avekt Wkt Rjit i henbeqiMi Nthral
sector of 10.6. cmis achieved with these data, independently of the
di st ance:’ TheRBRF nBfiPdfsPance AY of the neasuring points from one
anot her which should not be 25 exceeded is approx. 1.35 m

As an example, a receiving sector of the receiving
antenna with a sector angle ¢z = 90° shall be assumed
which is exposed to sound pulses of pulse duration 1 =
15 0.1 ms at a distance Ay of the measuring points from
one another. The receiving antenna is assumed to have a
beam fan of 10 beams or directional patterns covering
the receiving sector which in each «case have an
aperture angle of 9°. With a velocity of sound c =
20 1500 m/s, a spatial resolution of the underwater area
in the direction of travel within the receiving sector
of 10.6 cm 1is achieved with these data, independently
of the distance. The maximum distance A, of the
measuring points from one another which should not be

25 exceeded is approx. 1.35 m.

In the methods hitherto wused in which the angular
resolution of the underwater area within the receiving
sector 1s determined by the horizontal aperture angle ¢
30 of the beams or directional patterns, in contrast, the
same spatial resolution in the direction of travel of
10.6 cm 1is achieved at a distance of 10 m with a
receiving antenna 1in which a beam fan of about 150
beams or directional patterns 1is formed with in each

35 case a horizontal aperture angle ¢ = 0.6°. To achieve



In the nmethods hitherto used in which the angular resolution of the
underwater area within the receiving sector is determ ned by the
hori zontal aperture angle (p 30 of the- lans or directional patterns,
in contrast, the sane spatial resolution in the direction of travel
of 10.6 cm iksecachimevedeablatdbat ance; 0hi50ameW tdF axorgCeiViiRg the
antenna in whi cﬁga beaﬁ? fﬁn of about 150 beans or directional,
patterns is f'of'fed wi< €@4ch 8% ¢ HF % ont BR ThBERE ur & 1ahgl &
cp = 0.6. Tohachizeweéal 6aptheusanmeangdel ubfonpat=a di3tance ofl2dy
twice the n of a di.irectjonal o erns Wth a__horizaont al
aperture ang}’{ggg%d(p ﬁgo%llcyse a:tbga ygr%e%%g%f. T6 “Hal've tﬁrég?e’ the
horizontal apenrfiifhe aiigl éhet heeseliehgth ehtehear eceiVilnghant enma be

woul d have t@oQ%lego%Q!aguﬁtséﬂ@ §§Q§sﬁﬁ@@§ﬂ&t%&@%u%ﬁ%@”e@%ﬁs-QE§%S
makes it clear that with the method according to the “invention,

with a suffiéfFentheafi gi-itdtaveliy speed BEthPHe WaCOFJER&Tt toa Hilth
di st ance-i ndepeadenbnangultar =l0st£80ELEHONy | 5igBhicewed 1Wnhh speed of
recei ving antenna att@he CIre th of .whi.ch ﬁr%i des.a verié Iagge mrfi n
for attachment also toERalr, &. & %At Shohols ol Fehbtde Nttt
under watldl crafpluThps sipat behieesdl utitdn bn rddeidinecthonnab, t riavel
i s constant es_.not e e wth incr i ng di ce. -

in contrast ?gg?gg ﬁ?omwgﬁggho%ggi%\g gd %\1 ?%%yot%g}i%gvaynﬁié% J?fgg %%re
met hod accof8FAgiReREhe i3 efifi oilald vebyInucittingherusspati afemote-

resol ution iBohheodikactinaerabrbravel rthanyin the known@tiods, in
whi ch, in addféti an, iial so _constant with 20 di stanced i s achi eved by
means of a r&C8i ¢irh§anP8nhd C6fVESnvEnE o Rar Ite Rgtch CoRTe TRt HutFome

accor di rig t owbhee iwivent iorrabsongupplsesnaer y good damge sdat 8ol the
ol 032, £andey by bUBLERRAL SLISRALNE GUEVASHLS O NG SR n
according to the invention, a very much higher spatial

resolution in the direction of travel than in the known

methods, which, in addition, 1s also constant with

20 distance, 1s achieved by means of a receiving antenna

of conventional length. The method according to the

invention also supplies very good image data in close

range of the sonar since the curvature of the sound

waves at close range is taken into consideration.

25
Suitable embodiments of the method according to the
invention, with advantageous developments ‘and
embodiments of the invention, are found in the further
claims.

30

In the text which follows, the 1Invention will be
described 1in greater detail by means of exemplary

embodiments shown in the drawing, in which:

35 figure 1 shows a rear view of a water craft traveling
in an area of waters, with a sonar for
detecting data from an underwater area, shown

diagrammatically,



Sui t abl e enbodi ments of the method according to the invention, with
advant ageous devel opnents and enbodi ments of the invention, are
found in the further clains. 30 In the7text which follows, the
invention will be described in greater detail by nmeans of exenplary
enbodi ments shown in the drawing, in which: 35 figure 1 shows a rear

view of a wa craft travelin in an area of ers, mnth a sonar
for detectlﬁbgﬂﬁ?agfrﬁhPﬂﬁ Gn%&PﬁétgﬁaﬁFéﬁ'oghgﬁﬁf G HnRes cat9s,
- 7 figure 2 shows a blfockedsagram of the transmitter side of the
sonar, 5 figure 3 shows a bl ock diagram of the receiver side of the
sonar, figure 4 shows a perspective view of a three- dinensiona

anal ysi s spaéegusabdi veHedsi at &1oth viakgmerebénetites ,r€ae iare wrdetanat fer
area, shown diagranmaticakhys,figure 5 shows a top view of an

i nstant aneous state in the data acquisition in the analysis region
15 in figure 4, shown diagrammatically, figure 6 shows an enl arged

perspective yigwref 4seshbop 4 i@eﬁ:is@ecﬁ,lvéo fxirfg@we ?afshows aihree—
illustration for explalnlnﬂ t he orrgﬂatlon vol une g ng q:

amplitude value of th8FFIP&r &t gndts Wﬁ%ﬁli?ﬁ Cer ecOHBTTUE ?gn gtte
t he sondr0 i mage, 25 figutem8 shewsnan,i dentincandeepragsentaatdagn ssowm

figure 7 according to a: nmet hod, figure 9 shows an
exanpl e of a transfer un gg%@ﬂggggaﬁﬁgo filter in the block diagram

of figure 3,

figure 5 shows a top view of an instantaneous state in
the data acquisition in the analysis region

15 in figure 4, shown diagrammatically,

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

20 figure 7 shows an illustration for explaining the
correlation of volume element and amplitude
value of the filter signals with  the

reconstruction of the sonar image,

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

figure 9 shows an example of a transfer function of a

30 filter in the block diagram of figure 3,

figure 10 shows an identical representation as in
figure 5 with modified routes to be traveled
by the water craft.
35
In the method, described in the text which follows, for
generating a sonar image of an underwater area, a sonar

carried by a water craft 11 is used which has a sound



figure 10 shows an identical representation as in figure 5 with
nodified routes to be traveled by the water craft. 35 In the nethod,
described in the text which foll ows, f-0r8 -generating a sonar inmage of
an underwater area, a sonar carried by a water craft 11 is used

which has a sedRdmit8ertrianspiigeroi26d & 2uAddracsoyad recejves.
13 (fig. 3)..The sound transmitter 12 conprises a transmt pul se

generator 14°and T8 FEHEA (ARG THEMMd A5 W CF s & THIR IR ey
of el ectroacgustiretbtransiducet sa 16r angsahgetnd entannantiénnéicdr rH=Ly .a

The el ectrical - transnm.t pulse nerated .by .the transmt. pul se
gener at or 14%3%551%%%:1% eégff)yeﬁteh%eftoraacﬁbsurﬁ ltc’?/r;cgraann Jeuncnea{fslgé;sarranged
preferably whdebandnseund palrsesri.n e rahsaitisett drrahpnittheoubsts d

angl e of whi gBnk$akd €83t 8% d ange @ 1Q 118681 M SBCHOT 18, are
spanned in the underwater area 10 at the receiving end, wth the

hori zontal séeféPtafAgly Epp (FPGSTSFtdRg tHE BT i tal Sect ot i ArRP &Y
(pz (fig. 1)widdhensol séuadgl@iiafed hent ransiidn sect orsekf exposed tie
sound fromtheltransm' rlti ng antﬁnnﬁ 15 is {;)reIlera ly 15 selected to
be larger thaR'tRat 288 Fhe"FecBlvFRg 58ctdF 1875 TheSouhi FecetVer?

13 showill n acbkdovkndi agrcama nls ,figeaendd has aheelecterovatceustareza 10

recel ving antengs 19.01c; 0.2 {1 pli ity of, hydrophones. 20w ch
are also arranged on an antenhna carrier. To achi éve vertical
focusi ng of fhe(fégei vilngrehtEmmavadti¢ak. sperosetiodg % viErid.cal) -

aperture angtrge(pgk M chngpecisfd eshd hera¥eht tcale Seat o1 7 aRghe stz ©f
t he rece|V|ngPsector 18, 25 hﬁdro hones 20 | ocat ed underneath_one

anot her ver EPEEFI y* 50" EBfDI -5 'OrHH a2B6SRAPI ebP st-dv R EtPPbY
t he hydridphonesc20eghawn bien 1fkirgire thars gdhats of pard radfeavistavescdd
hydrophones 20 or all staves,

The sound receiver 13 shown 1n a block diagram in
figure 3 has an electroacoustic receiving antenna 19 of
20 a multiplicity of hydrophones 20 which are also
arranged on an antenna carrier. To achieve vertical
focusing of the receiving antenna 19, i.e. for setting
a vertical aperture angle ¢z which specifies the
vertical sector angle ¢; of the receiving sector 18,
25 hydrophones 20 located underneath one another
vertically are combined to form a so-called stave. Each
of the hydrophones 20 shown in figure 3 is thus a part
of a stave. All Thydrophones 20 or all staves,
respectively, are operated simultaneously. From the
30 electrical output signals of the hydrophones 20, group
signals are received from different directions of
reception with in each case maximum  reception
sensitivity 1in familiar manner Dby signal processing,
the so-called direction-forming or so-called beam
35 forming. The maximum reception sensitivity of the
receiving antenna 19 1is also called the directional
pattern or beam. The beam forming is carried out in a

beam former 21 or direction-former, producing a fan of



respectively, are operated sinultaneously. Fromthe 30 electrical
out put signals of the hydrophones 20, group signals are received
fromdifferent directions of reception9w-th in each case maxi num
reception sensitivity in famliar manner by signal processing, the

so-cal | ed di kgghentlior Mg ©sd seeealsl e@lrb%arﬂe%&llgo@fam n at{B@ﬁgﬁé'fﬂlm
reception sep ItIVI y recei vi nt enna [ ed the
G renti onal CB5t EERE 8 GBno L6 Shedirr SO SEE o (5 rise
beam forner 24 oprdespohibenctowmeh, nprodictaghaitan oéageg

adj acently |ocated beanms or directional patterns. In the text which

follows, the termbeamw || only be used in correspondence wth
normal techniial beggagean 5 (The - beam famr(fing 8yomeddiet imigl o ¢ Hey

mul tiplicityorofcharizental! v adiacant) vidocated,bgays 522 ERNEIS e
receiving sector 18 of the sound receiver 13. Each beam_ 22 has a

hori zont al aﬁ%??&?’énﬁnﬁ%t@ﬁ (118| @f §)heaﬁéPUéld VS IVAr dper i diftfite
cpv (fig. 6)2phircty anHdﬁiZﬁh&%mnpﬁéfyuﬁﬂb@ﬁgﬂgnkpd&i@@ibe@, hadmade
to be equal to , the vertic sect or RZ of %pe rece vin sq:tor

18 (fig. 1)Ve%%l§%%er%?%rgﬁﬁegr% l%l ﬁhl 69 th |n%%% tdua
22, theJdUtpaxempgaaysembOQh@enhydknﬂhnmesiZounrm@daves @eeequal to

ampl i fi ed, sanml ed, v £0 12 15.2amling rat eelifand priogessed S hey

in conplex nmanner, the in sanples bei ng del aye
correct tim h§iand éélded Tion- pFser a2t f of e cofipPBR gedapalsi giedl s.the

Each of the @ﬁapb@augnoumm§mgﬂal§2ls BhéEd<ﬁﬂxnﬁ9npé§§nﬁﬁﬁnebf|nt&he
t he base band a gaéi quflltergd rFoI ﬁﬁ?ﬂethls H} e absol ute
val ue of theYFHRP 8§§ p” sTIHATS | 3°F of HRYUL F AeBI 0ERTP3 EITHE 1 rfe
variati darts ofambeiabsotate velTie e pgobeeﬂehloﬁkrEBermnim be-ngal d:-ed
ool ved o gt B, kil Cobbons, g alisiont gy cne
absol ute val gercaat timing and added in-phase to form complex group
signals. Each of the complex group signals is mixed in

complex manner into the Dbase Dband and low-pass

20 filtered. Following this, the absolute value of the
low-pass output signal is formed in block 23. The time

variations of the absolute value coming from block 23

will be called received signals 1in the text which

follows. In an alternative embodiment of the method,

25 however, forming the square of the absolute wvalue can

also be carried out instead of forming the absolute

value. The complex group signals themselves, or their

real component, can also be used as received signals

for the further processing described in the text which

30 follows, that is to say by bypassing the base band

mixing described above and the forming of the absolute

value or the sguare of the absolute value.

In block 24, the received signals are subjected to at
35 least one correction in order to compensate, e.g. for
the decrease in the amplitude of the received signals
due to geometric attenuation during the forward and

reverse travel of the sound pulse. The corrected



al so be carried out instead of form ng the absolute value. The

conpl ex group signals thenselves, or their real conmponent, can also
be used as received signals for the fut®her processing described in
the text which 30 follows, that is to say by bypassing the base band
m Xi ng descrkbediabdvei@m@l@h@ﬂénﬁﬁlubmﬁdthm ahsolfuteervalsue rorsddie

square of th t alu I ck 24, the receiv d.signals are
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for the deceéegselin the aquEnudéo‘oértheal@Q@ vetbsi gniadls- fideugrocy
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sound pul se. The corrected - 10 recelved signals are filtered |n t he
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as

t h , t I h ss-like
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frequency. Aniéxanpl erof thhi ssadehi gh- m&QSdﬁ@&ﬁailbtghaZSp@bdé&Bing
so-called ragps fLiLLar. Jdnthe ca ?/S(Efe]mj[hJ[ g%&a Z' ?Lgf‘&ef’.r%ges%ﬁ‘eq

described, a I'inear systemis use peri odi
transferl G unetaifeﬁdH(:eI@w%erfnéueﬂ@e@ﬁt ﬁd@é )t deifite mmumtt igiaheo

angul ar erQHEQCMmggnﬁﬁb@'Qh%h%nbhquSfr%ﬁ%%hkwe% Ry dhald dhe 1imits
negative and half the positive angular sanpling frequency -7/ 2T and

+7¢/ 2T, respBEFLILPY, Bhd aetr daSesn¢9° thES r ange 1L nfoT t&P%F@EWe
and rises inahbelaange ofmdl iroy +i t £2EquSuel a l4mear systiem |§n/sj1pvm

in fig. 2. The fél egggg Ogn%h%kmﬂg%%égﬂiél nals as de crlzgg
the effect thatt Friter §i ghal s Wi'th "posi and n%%a? i u&es
are producedapfii ohi sald ownt Héesomarge mage & otbe 120 2fTec ohistlr uet eldinear

Further |ow passchilteri ogoyhth;a ﬂgnsffr fﬂ{‘&t'ﬁ @@f{f&p%@ Ngd 0
a Si function or a w ndow function or exanple wt CcOSi ne or
Hanmi ng, received signals as described has the effect that

filter signals with positive and negative amplitudes
are produced which allow the sonar image to Dbe
20 reconstructed. Further low-pass filtering with a
transfer function corresponding to a Si function or a
window function, for example with a cosine or Hamming,
Hanning or Chebyshev window leads to an improvement in
the signal/noise ratio of the filter signal.
25
To generate a sonar image of an underwater area 10 as
can be seen, for example, in figures 4 and 5
diagrammatically 1in a perspective and top view, a
three-dimensional analysis space is defined from a
30 multiplicity of cuboid-shaped volume elements 26 placed
next to one another and above ene another, which abut
one another with their front and side faces, 1in the
underwater area 10. The water craft 11 carrying the
sonar successively travels parallel routes 28 which are
35 wvertically above one another in the underwater area 10,
the vertical coordinates of which are specified by zx
(k=1 to L) in fig. 4. All routes 28 are oriented in
parallel with the horizontal component y of the three-



Hanni ng or Chebyshev wi ndow | eads to an inprovenent in the
signal/noise ratio of the filter signal. 25 To generate a sonar inmage
of an underwater area 10 as can be seeh] for exanple, in figures 4
and 5 diagrammatically in a perspective and top view, a

t hr ee- di mensgonahsapakysiceospPaee ties defdared: from a 38dmadtd pldid e of

cuboi d- shaped volune el enments_26. pl ace next,.t o one_anq@ther_and
above one angthk? Mﬁﬁfﬂ?éﬁ%ﬁfto %%o?ﬂ%rywﬁfﬁefﬁépp‘fr %ﬁé}%ﬁ%%
faces, in thdistiadeewnat elf atéa 1@ouThke waBer fowaft chle canrofittay t here
sonar successi vel ar g : ' are 35 verticaldy
above one an%tk%%}éafr)\Ii h%qﬁlﬁgér\?’jadtgrp%%%saﬁ%og t lg%;rer%i (C:%I RT3
coor di nates f abfehnafefspucihpedopghzrstirateto L) in fig. 4. Al
routes 28 are oriented in parallel with the horizontal conponent y
of the three - 11 d%ng@sioqgl coordi nate systemx, y, z and are
traveled by the water ¢faft™41 in the y direction. The vertical

di stances of the routé&s”28 fFfomone another are preferably equal. An
appropriate nunber L of routes 28 5 is obtained fromthe rough
estimate L> za-Z1 tan, 91 ¢ - v 2 2 where c is the velocity of
sound in water and ti is the 10 pulse duration of the sound pul ses
(CW pul ses) Yhaarat €d 1sby-hthevd+emshi teF ngoand enRa vt erTRE Carfallyssitghe

space iso liphted Byrtheohorirzentalsgeer ¢nates pon puant Imeadfdiekd
5) in the radial direction, where xmn correspgnds to. the horizontal
di stance of PHe H¥ont: VYYe bt %eaﬁgeﬁﬂﬁlQérs%gﬁhcﬁn?}ﬁﬁ?Fh§pF8§té§
28 Iocated ab@mﬁtGﬁebyamhbhﬁbrik@nthé yo@kﬁ&@bﬁ@m aﬂglkhgiz%mx (fig.
ChmectLom 155 ALY Sanse brspeet () e i omedt aaL g
the horizontal distance of the front edge of the

15 analysis space from the routes 28 located above one
another. In the y direction and the z direction, the

analysis space 1s specified by the coordinates Vminr Vmax

and Zmin and Zmax, respectively, which, however, is not

shown 1n greater detail. The cuboid-shaped volume

20 elements 26 in the analysis space have the same base

and cover area which 1is preferably square, and a

vertical height A,. The edge lengths of base and cover

area are dimensioned in dependence on the desired or

maximum possible radial resolution. In the case where

25 CW pulses are emitted, the edge lengths are preferably
dimensioned to be equal to or smaller than c-t/2. An

edge length of greater than c¢-1/2 is possible if the

method still described in the text which follows in
conjunction with fig. 7 1is used for the reproduction.

30 In the exemplary embodiments described here, the edge

length 1is selected to Dbe equal to «c¢-1/2. Rough
dimensioning of the vertical height A, of the volume

elements 26 1s obtained from the following equation

c-7 2xmin
Zp—Z%



shown in greater detail. The cuboi d-shaped vol une 20 el enents 26 in

t he anal ysis space have the sane base and cover area which is

preferably square, and a vertical hetght A The edge | engths of base

and cover area are dinmensioned in dependence on the desired or

maxi mum possi bl e radial resolution. In the case where 25 CW pul ses

are emtted, the edge Iengths are greferably di mrensi oned to be equal
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~z 2x,nm 2z 12 To each vol une ment 26, a storage
location is 1AFI 0ca¢®H1RY a SGrdge LRedPRii BT, *%hlﬁééfﬁ@ﬁéﬁy 7 flgre

short in theek@mplwﬂych eﬁr@iddqman(tfl g.18) thWencbheehtlout@e 2& e
travel ed by the wa r.ec nten a 19 is oriented

raft t he in
Ry ke OB b BbY, priie e bEoiet T A o s
the exerfpl apy eﬁnnduemﬁuv1m@ EhcsoﬁoﬁKExw1U1hEhangbaglammMQﬁ£midxas

the center axis se angl e, f e.receivic
sector 18 mn?% ﬁ%%glgéagk na ax?s gg;eégeg T&Qrg%tQﬁj |2g the
sel ected to BseODlphyt Rabogiarplar @O@@W@m meft CaFovweveer deviatgn Bt wo

deviate fromp90. yWaen soiias 28 are travehed, the necevwiing sectas,
18 with the multiplicity of beans 22 spanned therein 15 scans the

anal ysi s regitonitta WRat AUt plichiy. g, be @ﬁgf2 FPanaes)  thiet et n
each voluare etenenth26aakliBes araliysi S_nS[aa(s)ﬁdlt& saanned -onge, byr the

front side eggean&825 ln &Qgrgiﬁecéécn VO ££¥E|élé£e$@e igcqggir%ke
analysis space 1is scanned once by the front side edge.

182, 1in the direction of travel, of the receiving
sector 18 and once by the rear side edge 183, in the

20 direction of travel, of the receiving sector 18 from
each route 28. At successive, preferably eqguidistant
measuring points 29 along the routes 28 (fig. 5), the
transmitting antenna 15 1in each case emits a sound
pulse with the pulse duration 1. The receiving antenna

25 19 receives the echo signals scattered back from the
underwater area 10, which are output by the beam
former 21 as complex group signals allocated to the

beams 22.

30 The group signals are processed by signal processing
means 1in the manner described above so that a time-
discrete filter signal (fig. 7 and 8) is available from
each beam 22 as described. With the filter signals of
all beams 22, the sonar 1image 1s progressively

35 reconstructed from measuring point 29 to measuring
point 29 so that a complete sonar image of the analysis
space 1in the underwater area 10 i1s obtained at the end
of all routes 28 traveled by the water craft 11. For



sector 18 and once by the rear side edge 183, in the 20 direction of
travel, of the receiving sector 18 from each route 28. At

successive, preferably equidistant neasdr+ng points 29 along the
routes 28 (fig. 5), the transmtting antenna 15 in each case ents a

sound pul setwi kh gilheodud sesgueatican1y. dherdeceivbhgsam@nnaid’ 1)
receives the egBo E%gnakfﬁifatt red back from the uggﬁrmat r.area
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28 travel ed byithe cwateerd csedt dde E@bss k3ctlibins PUrppSebeam 22 up
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which are adf8céAt £6°6n&°UANGEHE” 07 tHE Fatia® ‘di reeti ot Withi i the
area, ddlinisedobysay beanmt22 thiet hiddver hbinzoimt@l edpest deé , 5 28fglandp
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he tex whi ¢h fo e

anal ysis space area in the t ows, are i ned at each

measuring point 29, which extend over the cross section of the beam

22 up to thenareachoundariwes ofe t heas@nal ysts space careaqst hato 1048

(oo Up Lo the upper LmiLng, cgnes 22 222 o0 Lo the Lovel o

t he cubadids 80ganés, cateuliatedifitom thestiscaetent i tiee vatalbscDfy t hef

filter 15 sigpals. é?‘kiﬂ% | L PCOQ&QS!EQE%O”A&%Q’G'OOF LY Qfpo5qund
c. The mean curvature radius of a cubcCi 0

corresponds to the distance of the center 301 of the

cuboid 30 from the location of the receiving antenna 19

and defines the position of the cuboid 30 in the

20 analysis space area. The centering point of the

receiving sector 18 is considered to be the locus of

the receiving antenna 19. This is 1illustrated in fig.

7. For example, a front cuboid 30 1is defined for a

discrete time wvalue n*T of the discrete filter signal

25 and a rear cuboid 30 of the same radial width, which

rests against the front cuboid 30, is defined for a

discrete time value (n+l)T of the filter signal. As is

illustrated in figure 7, the amplitude wvalue of the

time—-discrete filter signal belonging to the time value

30 nT and (nt+l1)T, respectively, 1is assigned to each of

the cuboids 30. In the example of fig. 7, the amplitude

value a(n) 1s assigned to the front cuboid 30 due to

the time value n'T and the amplitude value a(n+l) is

assigned to the rear cuboid 30 due to the time value

35 (nt1)T. Each cuboid 30 covers a number of volume

elements 26 wholly or partially. For all wvolume

elements 26 which are wholly or partially located

within the front cuboid 30, the amplitude wvalue a(n) is



corresponds to the distance of the center 301 of the cuboid 30 from
the | ocation of the receiving antenna 19 and defines the position of
the cuboid 30 in the 20 anal ysis space atea. The centering point of
the receiving sector 18 is considered to be the I ocus of the

recei ving anwennaet9.ii sthe istesigat eddanifing. id. ther ﬁéﬁﬂpye,za
front cuboid go hs defi ned for di s rete tine value n

h .
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a
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cuboid 30 dué6td4uhg;tthlW§Iu&:35a¢nih1Iy EachthabonﬂuSOe&bmétB 30,

nunber of vo | enent 6 o] | Far al.l
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| ocations insthe,gEMIG:44 ocrWhjcheidr 8 rag3hgned tﬁ&dﬂeorv@éyrr%e%h%rmms
26 lying wholly or partially in the front cuboid For all vol une

el enents 26 Whi &R OBr 9GP W0l F3- oreS PaFt RAl We{mltohllsn 97 Heldtd
cuboi d 30, theianplitede Tunakue 1@( nth)rrllsade ictren Agit o d1he SﬁaQilaQLeiy

I t th 2.7 ar e assi to the vo el e

26 1'yi ng whol Ty 57" Bart 41197 1 A0t Hev ar 26dbol B30, Patar &, 57
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beans 22 rom neasur ements C rried out at previous asu

However, the amplitude wvalues are not assigned 1:1 to
all volume elements 26 within the same cuboid 30 but
20 only in a manner taking into consideration their
position within the cuboid 30, for which purpose the
amplitude values are weighted before they are written
into the memory 27. In this process, the weighting is
done in two ways. On the one hand, the percentage by
25 volume of each volume element 26 which is covered by
the cuboid 30, and on the other hand the receiving
sensitivity of the beam 22 which decreases from the
center of the beam 22 toward the upper and lower beam
edges 221-224 (fig. 6) are taken into consideration.
30 The process of reconstruction of the sonar image
described is carried out for each beam 22 in block 31
in the circuit arrangement according to fig. 3, wherein
the volume weighting is carried out in subblock 311 by
multiplying the émplitude value with a volume weighting
35 factor and the weighting of receiving sensitivity is
carried out in subblock 312 by multiplying the

amplitude wvalue by a weighting factor derived from the



points 29. This is carried out for all radially adjacent cuboids 30
which are then specified by the 15 discrete tinme values (n+2)T,
(n+3) T etc. and which are then assignetSthe anplitude val ues a(n+2),
a(n+3) etc. However, the anplitude values are not assigned 1:1 to
all volune ekemenirsng6 sMridiiti g, sapetadb®dand B0 bub 20 ondyeituse
manner takin% iEtO consideration their position within the cuboid
30, for whic nS Fﬁogé Pre anplitude val ues are wei ghted before they
are witten into the nmenory 27. In this process, the weighting is

done in two : i o} pet . I of
each vol une gﬁg%eﬁfnﬁénﬁhfgﬁ ?@Qggggggﬁ’bégﬁpﬁggga §i§i3$gggn_’oﬁf?%e
ot her hand t RESEEBENGI ngMBlerididd vi Y3l eEs t hérpaamt?® whi Ehe décreeses

fromthe centercef dhebeamc22 tionardqthequpperyand.d owerheam o,
edges 221-224 %thSFg%ﬁare taken into cansideration. 30 The process
0

of reconstrutt & S§dnaS mege rdeddr i Ped i e d duteFlor2

each beam 22firambltoek cEhtdmidtdqecEinicubt aneangesentingcCeercdiong 10 is

fig. 3, whergi . ol.une weighti.,ng is.carrie ut. . ubbl ock 311
by nmultipl y?ﬁge{{qgggéplflgtru eac\l}/lalvt?elu\%\net ﬁlaem\?&tu%&/\vfe}%lg islnlgessé“”f Atior
and t he Mei ghhengrek reveindchdsensd thadny2es tbatriied toutsdyn within

subbl ock 312¢hy myktispl yicng the anmlidiude yalue by a yeighti he
factor derived fromthe - 15 receiving sensitivity of the beam 2
via its aper BEPEFUARGPEYIES, PV.94 wla War ifara™ of 2t hanfleehddme value
illustrated tp f6gca8cuflatedd wassi giangramgdidpder vabugs tr amdrhe:he
tine-discretg‘ Lllter s?gngls Lo t{e i ndi vi dual xg%fye el erents 26,
the di stance b theScent £P261"6f tHESVOI UnESEF e %6 Fréithe an
centering poantoofiathe reegdiivivng sexiws 280)s idetekamnned thorregodct
vol ure e'?”EBE %QQMH5%$|$§§%¥‘Eh!nlﬁot%@eé¥é ﬁ§vgﬁgﬂan8tQﬁﬁ?e%m
22, that is to say within the area of the analysis space delinited
by the the time wvalue ty is between the discrete time wvalues
nT and (n+l)T. In this case, the amplitude value a(0)
for the time value ty 1is determined by interpolation
20 between the amplitude wvalues a(n) and a{(n+l). The
amplitude value a(0) obtained by interpolation is
assigned to the volume element 26. This amplitude value
a(0) is weighted in accordance with the position of the
volume element 26 in the beam 22, and is multiplied by
25 a welghting factor which takes into consideration the
receiving sensitivity of the beam 22 at the location of
the volume element 26. This is carried out for all
volume elements 26 which are located within the area of
the analysis space delimited by the aperture angles o,
300 ¢y of the beam 22. The further process proceeds in the
same manner as described, that is to say writing the
weighted amplitude values into the associated storage
locations and adding them to the memory values already
present. The prerequisite for this wvariant of the
35 method 1is that the edge length of the quadratic base
and cover areas of the volume elements 26 is
dimensioned to be equal to or smaller than the radial

resolution, which is illustrated in figure 8 by a front



aperture angles (p, (p" of the beam?22, and a tine value to is
calculated wwth the velocity of sound ¢ fromthe distance. Fromthe
time-discrete filter signal, an 15 assotfPated anplitude value a(0) is
taken with respect to the tinme value to. In the exanple shown in
fig. 8, theahdnma walare taund bet Wweea the disser-efe tinmehealaesnpIdry
and (n+l)T. | i se,,th npli valu (0) - f t ti

value to is 8§Pég%ﬁﬁ§g'bf“}n%%?%oﬁé%#%%l2§%b§F%bé%O¥ﬁ§£aﬁg%PF&g§ 26
val ues a(n) whdch(nisl)grdheer aplint ude /valae af0)trebtwdneanbyof the

i nterpol ati opctgogagebgradnborbhe ¥l une ekepgnt 26y Ihig anpl i tude
value a(0) is weighted in accordance with the position of the

vol une el®nent 26 in the beam 22, and is multiplied by 25 a wei ghting
factor whi chThakesetshor 0061 der addoirithed rieceicwiritgesensiuti vity of1
the beam 22 at the.|locati.on o% tﬁe vol unme el%nen5826. Thka}is .
carried out FGFSHFIMIvBPURESerdmBnts 926 \ehieH e 1ocat &F Wt I tHe
area of theadhalygsivs spaceidel uminhédrbypthe, apertiereldngl esnt(inudds
(pv of the heaied. oEne fdr LOEL, PLOGess P 0CEe0SLDL0e, oS AIR JTRNNSS
as described, that is to say witing the ‘weighted anp y?u e val ues
into théihssbéVaﬂédf%té#&@éncﬁodhtigﬁ@maﬁdmadﬁﬂﬁéh@hen¢ﬁk9¢hé)neﬁﬁﬁy

val ues al reaglyxiRhRSeMst skt PRSI @aUisl tendorq t Abs v | aRtcebebiher 3o
method is that the egge Ing}h of the quggratl base and cover areas
of the vol unE®Ef&fEnts 26 XU di el oo d T Becqualr 8 oM haY &t
t han the radbabkmsregoltut ichn cowkirc lthieS riddeustihat e dtorf i1guUre B dnh de
front - 16 389 glreagtgougg%r¥ Iggg %HQHES cté% in the exenplary
enbodi nent. An-e gg Feng?ﬁ 0 he“vofune 6l efent's 26 which is
greater tthhan cc/2 as in the variant of the nethod according to
figure 7 is not permssiple. 5 The reconstruction described is

carried out at all né@%gﬁing pgints 29 along the routes 28 in each

i A4, <
case I n 4
tan(jél) 2-ﬁn(éij
2K

2

where K 1s the number of Dbeams 22 covering the
receiving sector 18 with the horizontal sector angle
20 Qs .

At the end of the routes 28 traveled by the water craft
10, the memory content of the memory 27 is normalized
in block 32. The normalizing is carried out in such a
25 manner that each of the memory values contained in the
storage locations of the memory 27 is divided by the
sum of the squares of the weighting factors included in
the respective memory value. In this context, the
weighting factor is the product of receiving
30 sensitivity weighting factor and volume weighting
factor in the wvariant of the method described first,
and the receiving sensitivity weighting factor alone in
the wvariant of the method described second. The
normalized memory content 1is deposited 1in a storage

35 medium 33 (memory 33 in fig. 3) which thus contains the



all beanms 22 with uninterrupted, preferably continuous travel of the
water craft 11, the measuring points 29 10 having a distance Ay from
one another (fig. 5). The rmaxi num di stance Ay which shoul d not be
exceeded for <correct data acquisition is dependent on the nunber of

beans 22 whi gbnpovee ts@%aﬁ:e@ﬂia\@englhi%%t Yanl 12 aﬂ%@@m@%léﬂ@}é& on
estimated in_agcordance with 15 2sin~ 2"J

where K is tRe“ndkbér &F BEARS ?f ESWQP%ﬁﬁ Qﬁéphﬁgée @F%BO 88¥or 18
with the horizontal sector angle 20 cp,. At the end of the routes 28
traveled b ter, C onte th 27
IS xornal|geggsl%Qbﬁ%%kag%érﬁ%&at%$%%Fy2?%¥wgsquﬁ?ég ou ?u?%”?ugh

25 mannerd t hahiehchHisf thdensabey vaku%slﬁoﬁﬁalﬁ%ﬁeW©dfhérO§¢o¢%Qﬁﬁt

| ocations of jthecmanBiivdi 4 Sodi yidedrbynthes @g%ﬁﬁc@lh%@%{ar%ﬁd
the weighting factors included in_the reSpective nenory value. In

this context 2NPhBEIWESFRENNY et i £atle Pf okt r8f1t?§c§| vitiy Jehe

sensitivity wetghti ngaffact ar,andhelhumereei gitdwg dract aindthdhe is

vari ant of the t hod descrlb d first and the r ivin sitivity
wei ght i ng f actBrLALORE i 1101 he"Garihii® of St he ht Kd dudr rBeg Hich
second. Tthe aper palieznéedmenmy gbdnteerntl dss tdeposd tettiea Saragedse
medi um 33 (neppLY 33 2'8'1 f'§82 315"\@'131@115&@%%3' g:rl{ %@SlEQSe eélz)ugl

COI’Tp| ete sonar | mage can be vi sual aye

means of conﬁhﬁérfﬁ%ﬁth@%UW@cﬁﬂﬁﬁﬁﬁ¥? 2@|@Gréjﬁﬁ @mﬁbyahﬂaﬁp@§ﬁlyls

shows an upperahfdbiea281ersh Whiceh HthtH@qd:Qd’d’\@taafeladleaiﬁanﬂﬁq y Vd eyed”

from aspect | e tervals or sector angles Pn icC oi nt tomard
P 1?59 éi] the recegvgng ector l@h w1t the sector

y

15 angle ¢ from each route section 281, 282. As described
with respect to fig. 5, the receiving sector 18 can
agaln be covered by a multiplicity of beams 22 in order
to obtain a distance A, between the measuring points 29
which allows a sufficiently high traveling speed of the

20 water craft 11. The analysis space 1in the underwater
area 10 to be surveyed 1s scanned once 1in the x
direction along the route section 281 and once in the y
direction along the route section 282 and in each case
in the z direction with each of the routes 28 traveled

25 which are above one another, so that the analysis space
of the underwater area 10 is completely covered at the
end of the routes 28. The embodiment of the routes 28
described 1is of advantage especially if the horizontal
sector angle ¢z of the receiving antenna 19 only has

30 small values, e.g. 10°, due to the type of
construction. For generating the sonar images of
extended underwater areas, a number of routes as shown

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

35 Extending the method described, a beam fan of a number
of beams can also be opened perpendicular to the
traveling plane, that 1is to say vertically, their

vertical aperture angles ¢, being specified in such a



anot her perpendicularly. Each of the routes 28 for the water craft
11, which are above one another, is subdivided into two route
sections 281 and 282 which 10 are oriented-at right angles to one
anot her. Each route section 281, 282 is dinensioned to be |arge

enough so thahneachnwel Wi ed@iest 26ei Relhe canalysd S sRacehdBes ¢
scanned at Ie%st once by the two | ateral Ilnltlng@ dges 182, 183 of
S

the receivi ngts&&forPad S th FABdedtDrtis XRgHe PrGThoFac $iout
section 281, 0282heAsralescribedsenkbh rasperie t 9ifhgl proihesieceipdng

sector 18 ca gaj-n cover LLtiplici of _beans 22 i.n
order to ob Sﬁﬁ gzdi§%%%EE§A§98§¥%§8§UFﬁEEﬁ%%ség?n%aﬁ%lﬁgp%ﬁft%&ﬁ%h
al l ows a suf fcitenat tprhieghimeavebinag speddsok tshec20 Vdat ers crdfyt tie

The analysi ssgpaceckn thecundermalel oA €Al dp Be subweyedHiSy ig
scanned once in the x direction along the route section 281 and once

in the y diPREEPBN & Orfef t HBTFohRe SedticédnopsZantlfh é&ch tage caln
the z directhparwitb eacdiof of he-r gut epa28 fiavel gd 258 whicChnake be
above one angt her o,that the apalysis space of the underwater area
10 is conplef%?$a€8§e9&j%ﬁ T h&/ Yend"5F ¢ h Fﬁhf@¥32§9m$ﬁﬁ g%b%ﬁ%ﬂﬁn
of the rldut esb@8e descenbedersiof thdvantrageakspeceatiynif the

hori zontal sector angle 4Pa of the receiving antenna 19 only has 30

smal | values, e.g. 10, due to the type of construction. For
gener ati ng theesBahhofndgesrabedespandddcuinde MRatidrl cgr das the mntrart

of routes astghewn ihBtbhg. 2rand 6 Wi grad0 ang1Gaseaded Joget her .
35 Extending the nethod described, a _beam fan of a nunber = of beans

can al so be SPEREATHEr pERGi SN XF A hEPIT VS | 3P 1t aRe OFt WAL GRS 1%
say vertliscal éyual hebr theeridciadorapel t sketangheglephpsbeiing tspeciddLd
in such a - 1 nner_.t hat,.t he sum of the vertical aperture.a

cpv of the %g%%ggfg é&5§|dﬁgtgﬁgeve$%i8§|'gé%t8Fa§H§ﬁ$9¢p%Ol%Egt%§
recei ving seotef I8 Theysigpal froclessiwgiperrs associated with a

reduction of the maximum possible traveling speed of
the water craft 11. Here, too, however, the horizontal
20 aperture angle ¢z of the receiving sector 18 of the
receiving antenna 19 is made as large as 1is allowed by

the installation conditicns at the water craft.

In a further wvariation of the method described, the

25 receiving sector 18 can also be opened on the port side
or with two receiving antennas on the starboard and
port side of the water craft 11. In the latter case,
underwater areas are simultaneously scanned on both
sides of the direction of travel. It may also be of

30 advantage 1if the water craft 11 travels a meander-
shaped route. WNaturally, 1t 1s possible to dispense
with the digitization of the output signals of the
hydrophones and to perform the method on the basis of
analog received signals.

35
The method described above can also be modified to the
extent that, instead of a water craft 11, a diving

instrument is used as sonar carrier which travels a



beam 22 remai ns unchanged as are the back projections 5 of the

t hree- di nensi onal analysis space. It is only the spherical cuboids
whi ch are defined by a beamwhich is -nadfroew in the vertica

direction so that the vertical aperture angle cp" = cpz specified in
fig. 6 nmust bertiephaceditlky (v thilz/MNsahetkeNskset e thbaberowdfd be
beanms 10 above_one anot.her in_ the vertical direc%ign. The %ethod
described cah®af86"6e Hodified 1 tHe extentor t hat* " FhisPéad of & behm
fan, only onkebmafieiscogerepatedngfferhortzdnbal 98perture angle cp of
which is 15 equal to the horizontal sector angle cpB. In this case,
however, the distance Ay of the nmeasuring points 29 nust be very
much smaller which is associated with a reduction of the maxi mum
possi bl e traveling speed of the water craft 11. Here, too, however,
the horizontal 20 aperture angle <pB of the receiving sector 18 of
the receiving antenna 19 is nmade as large as is allowed by the
installation conditions at the water craft. In a further variation of
t he net hod descri bed, the 25 receiving sector 18 can al so be opened
on the port side or with two receiving antennas on the starboard and
port side of the water craft 11. In the latter case, underwater
areas are sinultaneously scanned on both sides of the direction of
travel. It may al so be of 30 advantage if the water craft 11 travels
a neander- shaped route. Naturally, it is possible to dispense wth
the digitization of the output signals of the hydrophones and to
performthe nmethod on the basis of analog received signals. 35 The
met hod descri bed above can also be nodified to the extent that,
instead of a water craft 11, a diving instrunment is used as sonar
carrier which travels a - 19 wvertical route. In this case, the sane
met hod woul d be



performed with a receiving sector rotated by 90 and a beam fan
correspondingly rotated by 90. - 20 - Patent clains 1. Method for
generating a sonar image of an 5 under#dter area (10) by using a
sonar carried by a water craft (11) which has a transnmitting antenna
(15) for radiating sound pul ses and a receiving antenna (19) for
receiving soun v k scattered fromthe underwater area (10),
whi ch spans gaggﬁﬁigiﬁgﬁgector 10 (18) wth a horizontal and vertical
sector angle ((pB, (pz) which is covered by at |east one directional

pattern of the reggiyiAg %ﬁnn@eﬁé]?gtb@?i ng asqrpdetgrmioable 5,

hori zontal and vertical aperture angle {(cp, ()v), 1n which the

fol | owi ng® NmetRBETYEERS a7%c2 15 10dr rPEd W9 i A t Heuhdérigtiad abEa 2
(10), a thregadirensiaral (11@nabysis space efraasmuktiiply Cidoerofs vol e
el enent s (26% Iocaged adj acent |l y Eﬁgpne anot her and above one 19
another is dePFnéd 38 9% 3ER oPimE S8l éPEnt (56)° 4% 1Bt EE al1?)
storage |océbronrencavshgrageungdi wavé27)bathe svadterecedf tffdd) twid h

the receivin ( oi.pting t.o. sta d and/lar . i ved
over a pIura??§89%§£§%réﬁkﬁfiﬁgﬁé’pé@gVﬁilEggg%e§92ge?§§$9&ﬁiG%eQ?%F
above ond andéther "Hitha ¥erpiréalntdilstateventicakcessitoe, prafer apty

equi di stant gpasufiieh POL NtSod29 g aliong dihe Toutes {28) ,qa-S0Uha
pulse is emtted in each case and, .after being back 30 scattered

fromthe undBrWaEEl arda (10§, F&CSdEt86t e HE W eCei ved si §RALD a @
the directi opaktdepatinenaband Hdditerred,1 aincachrorasur iap@ et 2P)e

an anplitude yalugis detegnined fromghe filter signal prodyced by
15 carried out:

- in the underwater area (10), a three-dimensional
analysis space of a multiplicity of volume
elements (26) located adjacently to one another
and above one another is defined,

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

- the water craft (11) with the receiving sector
(18) pointing to starboard and/or port 1is moved
over a plurality of straight-line parallel routes

25 (28) which are above one another at a vertical
distance,

- at successive, preferably equidistant measuring
points (29) along the routes (28), a sound pulse
is emitted 1in each case and, after being back

30 scattered from the underwater area (10), is
detected as received signal via the directional
pattern and filtered,

- at each measuring point (29), an amplitude value

‘ is determined from the filter signal produced by
35 the filtering, for each volume element (26) which
is located within the area of the analysis space
bounded by the horizontal and vertical aperture
angle (@, ©¢y) of the directional pattern, by means

of the position of the volume element (26) in the



35 the filtering, for each volunme elenent (26) which is |ocated
within the area of the analysis space bounded by the horizontal and
vertical aperture angle ((p, (pv) of -the directional pattern, by
means of the position of the volunme elenent (26) in the - 21

anal ysi s space ar@@alW@lbha%pabQ tQ@e@ﬂahMﬁh%ha&paCQg?r@ﬁe anal %1%
spherically curved_cuboi ds (30 redet er mi na w dt

the mean radii of SPEFFvatire E;Typ %’39 Ti ﬁﬁd\/a”fh‘é% %
taken fromthe fi btredesiegmainabigl tr@dil@}:l bf)&dﬂ’ﬂﬁ vekocidan oﬁ:asl@mndof
whi ch are adj acentbo-ans. agot et dhe tadiale dir ool an.and, shigh

ext end e-%) to the area boundaries, are
val ue, betongi ng té*eachf ¥ome thgl uel h'oe ¥ aleésnadt tIhlel‘ttmlJe@dsbgnathdas

assigned to each véQb@HQge|%ﬁenEoﬁg@) “@hQBh|Sa¥@0|£M Qtepartial lyne
| ocat ed i nside the cu%Ieﬁ dlrf %hdetermnedb t he tlrre val ue, the
e o]

anpl i tude val ue détéer BacRVEILurm Ta% Menghf (6 h sextend
wei ghted in dependencecortidie arspecbbundposet| onewd tleneespesti Vene
vol une el enent (ég%ll@udhe an%l ¥S| s%ggace area_and _t he wei

h

1}(_?ht ed
anplitude val ues are written into’t St8r4de Fdcatfons atfocafet'to
t he vol uife el enentskedd (2B) thad faztlttdqfe sageaii e addedoned a twenexyh

val ue already pr%@zuhel e st orage Lg %' o, ﬁhohf%h% ‘;§£Pt!fjéfﬂy

to Caim1, in which the p03|t|on speci |c We

anpl i tude val ues i8c235dcaMSitf obibei FUSGER al nn@?t@ﬁ@w@écﬂw the
anplitude val ue assignedit:e,a volunme elenent (26) is nultiplied by a
vol ume wei ghti ng fagctor i ch . takes into consideration the vol unre

percent age of the V5l uMEP Sl EHERt Ya?]éie 19SS 8 eS| d8 't hg2Ehibol o E%0)

and/ or by a recei vinge80 sénsitiivst wanejightd ngnf adependbhneb takesthe

into specific position of the respective volume element
(26) in the analysis space area and

- the weighted amplitude wvalues are written into the

storage locations allocated to the volume elements

20 (26) and at the same time added to a memory value

already present in the storage location.

2. Method according to Claim 1, in which the
position-specific weighting of the amplitude values is

25 carried out in such a manner that each amplitude value
assigned to a volume element (26) 1is multiplied by a
volume weilghting factor which takes into consideration
the volume percentage of the volume element (20)
located inside the cuboid (30) and/or by a receiving

30 sensitivity weighting factor which takes into
consideration the receiving sensitivity of the
directional pattern at the location of the volume
element (26).

35 3. Method according to Claim 1 or 2, in which the
cuboids (30) are constructed with a radial width
corresponding to the desired, preferably maximum
resolution and the volume elements (26) are constructed

with a sgquare base and cover area which in each case



consi deration the receiving sensitivity of the directional pattern
at the location of the volune elenent (26). 35 3. Method according
to daim1l or 2, in which the cuboids ¢30) are constructed with a
radial width corresponding to the desired, preferably nmaxi num

resolution a h u ) .are nstruct Wth a,
square base gl%a]tec?ﬁ/dé% a?%g%ﬁ?gggi%ﬁ(%gchﬁ%aggg- 3%23 ﬁget%%ggeféﬁﬁghs
| ocated in t RESACERIIEY t He2digdit edradpp &f erabbyudrihnumarati atith a

resol ution, ardtwidsh aciventical height (Az). 5 4. Method for
generating a sonar inmage of an underwater area (10) by using a sonar
carried by a water craft (11) which has a transmtting antenna (15)
for radiabi ng.soune tpuwldsesfa@and @eheﬁe;ﬂih@g ﬁnt(i:'%maa]gw)m?@@r of an
recei ving so ba cattere romt he underwat er, are

(10), vvhigch g%gﬁ\g%\aé%r%gce%le%g e torgy (18)"%i £h 8°Hoti Zohtat®andy 2
vertical secteteanglra{y pBil) (pzijchhheh ks toovendd thiycataeasta ones)

directi Onf'il rpat E:%Hﬁa(%finn;h%d’&fbeip\{jl%sa@rﬁ:p%a }'_(G’I'C,gglvthaﬁ/d negm? nna E)l?)
predet erm nabl e horizontal and vertical aperture angle 1 ?p, (pv),
in which the™Pél | 6&FRgVABLChodC8EpsWares carfkedseatterefin fhem the

underwater anedeflrera ehfklsgee-(cjior)engj),ml ts@galséfsisr%{g?ge,tigfq ﬁseector
multiplicity vol. el enent s cated, adjacently to o

anot hgr 20 é%g)a%l\%er}?o ehgﬁ&tzﬁélrt(aﬁs He iﬁ@ﬁ?lﬁﬁﬁ:h SFAtGite Eehent Ps,
(26) is allogat edvlaish orage cdoeatdonbyn :atst]oas@géte rm@ﬁurﬂliﬁet?&tiéﬂﬂ@l
wat er craft Lt h e ecel v .sect or 1 p ing ta _
st ar board ang%%%em&rt Oltfg rr%{l/éed %f eg\%el?l%a palnutrega n|_agy gwgtrg’laéfﬁfl-gl i rfe
paral | el rouPé@d(fgS)fm\}\ﬁﬁ@ﬁeaﬁ“@raLW@adnealmhovhetlatalaa@@rrttnxml angle

distancel5 (¢, ¢.), in which the following method steps are
carried out:

- in the underwater area (10), a three-dimensional
analysis space of a multiplicity of volume
elements (26) located adjacently to one another

20 and above one another is defined,

- each volume element (26) 1is allocated a storage
location in a storage medium (27),

- the water craft (11) with the receiving sector
(18) pointing to starboard and/or port is moved

25 over a plurality of straight-line parallel routes
(28) which are above one another at a vertical
distance,

- at successive, preferably equidistant measuring
points (29) along the routes (28), a sound pulse

30 is emitted 1in each case and, after being back
scattered from the underwater area (10), is
detected as received signal via the directional
pattern and filtered,

- at each measuring point (29), an amplitude value

35 is determined from the filter signal produced by
the filtering, for each volume element (26) which
is located within the area of the analysis space
bounded by the horizontal and vertical aperture

angle (¢, ¢y) of the directional pattern, by means



at successive, preferably equidistant nmeasuring points (29) along
the routes (28), a sound pulse 30 is emtted in each case and, after
bei ng back scattered fromthe underwatep3area (10), is detected as
received signal via the directional, pattern and filtered, at each

measuring point (29).cmah guplitudesvalye v3%uhs detakpicned d)r om the.
filter signal produced hy the filtering, for each volune el enent

(26) which is | oBafedSwst hPh3Che &F8a-of ‘Rhetanhl y5PE spack Wolrded
by the horizontal cardevert i@l apenitrehcanglel{ix 6Epareofartdhe the

directional pattern e - 23 of t osi.tion of the volune
el ement (26) in t éL’Stgﬁacleyg)l%g lst|5°’acceenaree;\ra&erioﬁnt Kt B-Ead Vot Utte of
el enent (26) withithet hecaniallysi sesfage @Bea,l s et airstraatte Ofon tishis

center fromthe cgnterjhg,poi,at of éawﬁl%@&?i Wi&% .S?ﬁéorvel(ﬂ:@téﬂ Sof
determned, fromthis a tine value is calculated with the velocCity
of sound and an &RBPPt dd6 P&l GEBEILONG g lt'e tId AIe 9 Vit g stime

taken fromthe filkheuesiignalakuint Fdespect fitia Lach ddde Wyalerafe
assigned to the vgl une_ 10 te.I enent {126), he anplit d% val ue
determ ned for each votGie HeiendAt UE267 s i gl 1Y dEpEndENEE DN

the spedlfic posefeornof (Rke,respective volune elenment (26) in the

anal ysi s space ar an .1h i ed |1 t. valyes are witten
into the storagegﬁgca%?%%é{% ?\(I)\g‘é&?feﬁcﬁt (&{E%ggn%él%gim%gfen%?l?s ‘f e
and at the sane tPhemadded(£6) a henvigidkdlasge ial r dagpnpgeasentonn the

storage |ocation. sg0c$riMethad aceoid Mg O GRIdP A v M 18t

position-specific ﬁgightlng of the anplitude values is <carried out
in such a manner fhat éachP&npPPtidésSvaPaee assfgAed to a vol une
el ement 1(26) -i s nmuhti pkiigttby @amplitude values are written into the

storage locations allocated to the volume elements
(26) and at the same time added to a memory value

already present in the storage location.

20 5. Method according to Claim 4, in which the
position-specific weighting of the amplitude values is
carried out in such a manner that each amplitude wvalue
assigned to a volume element (26) is multiplied by a
receiving sensitivity weighting factor which takes into

25 consideration the receiving sensitivity of the
directional pattern at the location of the volume
element (26).

6. Method according to Claim 4 or 5, in which the
30 volume elements (26) are constructed with a square base
and cover area, the edge lengths of which are equal to
a desired, preferably maximum or smaller than a
desired, preferably maximum radial resolution, and with
a vertical height (A,).
35
- 7. Method according to Claim 3 or 6, in which the

vertical height (A;) 1s approximately dimensioned as

c-7t 2x, . _ _

—E———J@L- where zp~z; 1s the vertical distance between
zZ, —Z2
L ]



receiving sensitivity weighting factor which takes into 25

consideration the receiving sensitivity of the directional pattern
at the location of the volune elenent £26). 6. Method according to
Claim4 or 5, in which the 30 volunme elenents (26) are constructed

with a squar %h@a%%gf %ceﬂgr 18Ledr the edge dengt h%29§ whi ch sare.y o

equal to a desire preferably maxi mumor snmaller than a mﬂ“em re
preferably nEXPATRTY &GEZ e Lﬁ%%?ﬁn%do% the &n@éb’ﬁl@alsﬂﬁé%hﬁom
(Az). 35 7. WMathodoaeeer di(g to Llai m-Z/or s | Rhehi Ghastheun verddcal

h ht (As t, n where zL-zl
'S Phe verti caFohl %?%h?%l%&y cer BN s f S MR Sn

| owest of5the asupe$sé28)1;:ak1pm o fi $hishesoumidniopmimesoriazointtald distanee
of the anal y%gngp@g@l&%og\ﬂtgg af Qykes (28) and cti/2 is the maxi mum

radial resolution with-c as t velocity of sound in water and 5 ti
as pul se duration of the sound puI ses radiated by the transmtting

antenna (15)g.8. Methed @@@@ﬁc@m@ to ope off CGhaiing L ta 7, i, Wi oy
conpl ex groui;‘gIa naI s obt ai ned direction-formng are 10 used as

recei ved si ghgi"Bre8. gﬁ@?ﬁo&%‘@&rsm%at@e@n@yofd@%wq jyring pre
which the vaseat eenrecthvedneighattbe absol ute val ue or of the
quadrati c absol ute val ue of conplex group signals 15 obtained by
direction-form ng are used as received signals. 10. Method accordi ng
to one of C &ins Hetbod, acpowhiich theneeall gdertismsofl dgrooup simgnadisch

obt ai ned by ghée%waugg f,Q1m %an@r%fuwé ag, A ?V%ﬁleg’}?ﬂ Sf Idhe
Met hod accor di ng Caim9, in whi he receive
qua ratlc absolute value of complex group signals

15 obtained by direction-forming are used as received

signals.

10. Method according to one of Claims 1 to 7, in which
the real parts of group signals obtained by direction-

20 forming are used as received signals.

11. Method according to Claim 9, in which the received
signal is sampled with a sampling frequency of 1/T and
the time-discrete received signal is filtered by means

25 of a linear system, the periodic transfer function
H(e¥T) of which is proportional to the amount of the
angular frequency ©® within the limits defined by half
the negative and half the positive angular sampling
frequency (-n/2T and +n/2T, respectively) and drops

30 from the bottom limit to zero and rises from zero to
the top limit.

12. Method according to one of Claims 1 to 3 and Claim
11, in which discrete time values are sought in the
35 filter signal and the mean curvature radii of the
cuboids (30) to be allocated with the time wvalues are

calculated by means of the velocity of sound.



signal is sanpled with a sanpling frequency of 1/ T and the
tinme-discrete received signal is filtered by means 25 of a |inear
system the periodic transfer function 25(e="T) of which is
proportional to the amount of the angular frequency co within the

linits defined bymBahba theoregali & @1\1@ hal fothenpasitd ve angubadin
sanpling fr guengﬁl& i.n/ 2T and, +7t/ 2T, respectivel % and drops 30

fromthe bottdm 1% PG ePBPAhHIFP sa bergny It He t &p°I i ieS

12. Met hod aeamudsngchmcometeﬁ Car netHe t 7ol varad €llaimemt$l, (28) whied

di screte ti I i_n.the. 3 f||t r SI nal nd the mean
curvature rg§P¥% gg he cu% %§08§6f09018 %h ocate %n?ﬁa he tinme

val ues ar® calculated by nmeans of the veIOC|ty of sound. - 25 13.

Met hod accor@gng M@tggg.0£05$§ﬁf§ 4t&9 @n@nQﬁgl@ﬂghm%l’l'Qxyhﬁgh in
anplitude val ues belonging to the time values calculated for fhe

vol ume el emeHP$CcR26earericont itieee by ?ht ERpoFaPIrans madient i (2/er is

signal. 5 l4noMebhedeaccor dtRg teoiONEr Ok hel aldl ks t 0248, tiddvewicchoy
t he menory cgatent of the 3 égge medi um (27) is nornalized at the
end of the rbolUfe¥3F58) CErs the water craft (11). 10 15.

Met hod adtording to Claim 14, in mhlch the normalizing is carried

out in such asnanpe % Bg Qdf% t he @§g¥%vahges ggnt%h¥e%irkﬁge
storage Iocatlons IVI the sum o e squares of
wei ghti ng 150f@éﬂéﬁ§n9ncllsud%@mihe<ﬂ heutegpectiaie memenyevaltiat IG:ch

Met hod accor dienghton@ne r9f vahaidxs cﬂentt%l&d iim M cedhehordzontals

sector angle, ((pB) .of the receiving sector (18) is dinensioned to be
as large as % gﬂﬁlékﬁb}ﬁ%dE?elﬁEWaF1aUﬂB% TONYFEF oRS dMF twrelohting
hori zonti aﬁdctwestuaanuaparhurehangbepécp;vépmkmokytbeldbtect|onal

16. Method according to one of Claims 1 to 15, 1in
which the horizontal sector angle (¢z) of the receiving
sector (18) 1is dimensioned to be as large as possible
20 under installation conditions and the horizontal and
vertical aperture angle (¢, ©¢y) of the directional
pattern of the receiving antenna (19) is selected to be
equal to the horizontal and vertical sector angle (s,

®z) of the receiving sector (18).

25
17. Method according to one of Claims 1 to 15, in
which a multiplicity of directional patterns placed
next to one another horizontally in the manner of a fan
with preferably identical horizontal aperture angles
30 (@) and preferably identical vertical aperture angles

(¢pv) 1s opened in the receiving sector (18) by means of
the receiving antenna (19), which are dimensioned in
such a manner that the sum of the horizontal aperture
angles (@) 1is equal to the horizontal sector angle (¢g)
35 of the receiving sector (18) and each vertical aperture
angle (¢y) is equal to the vertical sector angle (@) of

the receiving sector (18).



pattern of the receiving antenna (19) is selected to be equal to the
hori zontal and vertical sector angle ((pB, (pz) of the receiving
sector (18). 25 17. Method according to26ne of Clains 1 to 15, in
which a multiplicity of directional patterns placed next to one

anot her hori zent aMkyhoa taﬁl@c@p@ﬂeg afo achan o thapheferably 15, in

identical h t al t 0 d f bly identi
vertical apefPurE ahgiBo i (ot 1% Shend P CRE eckr bF RE Sedthresa
(18) by neanseaf therecavingr anbennantdd)ywhndh vare idiaiéysiionedhé n

such a manneg[fat the sumpof tvﬂetrf‘%l(%9?%?}5&2%&%%&”%&&éc(rpéaiS

equal to the ﬁorlzontal sectér he réceivin
sector (18) anR@réséR \Erdical aberatmﬂeprgﬁ@;r@bupv)ieml@@&alvq@xcml

vertical sectgerangkeahihek qf(pv t,hﬁsr%%%h\éungnse&%eorre(é&)vmg 28 8-
Met hod accordlng o one of O ajns a nultlpI|C|ty
a

of directionat®patemfe éH%dth%eQ?c?bvbﬂ% 8ﬁ6?ﬁ€? Hari zonttaiaty i
vertically |almhﬁ51ﬁaaﬂerlﬂf aud@an,a wirtdhrprref ehahl ythdensiugal of the

hori zont al er angl es ( and refer |y |dent|ca% % rt| I
aperture ang?gg EH§§1 éﬁﬁé EQ n the rece|§?ng sect of 18% by “the
means ofl( hehoecepvtﬁg afmcetrm (amg)le whpch afe tidi neaseomedyi nsmrodmra

manner that {he, s%maoftg@esugoroufzo&g@l véi??ﬁ&ﬁiea%%&'t%%e( pénéﬁeseq%'?i

to the 10 horlzontal sector angle ((p e receiving sector

and the sum of t3B&fker tPcath %péﬁetrﬁrlé?aéngélil%%r‘{‘élb% PRGle efal ©6 t‘Hée
vertical apertueevangl eettpz) (0B)the receiving sector (18). 15 19.
Met hod according to Caim 17 or 18, in which the horizontal sector
angle ((ps) of the receiving antenna (19) is dinmensioned to be as

| ar ge aslypossbbl eManded amstralilnat iton Cbadthnt idnsr 208 20inMethath the

according toh89§z8£tgﬁmég%fg}tgn&?e N@B) of the receiving antenna
(19) is dimensioned to be as large as possible under

installation conditions.

20 20. Method according to one of Claims 15 to 19, in
which each of the parallel routes (28) to be traveled
by the water craft (11) 1s dimensioned to be at least
so large that each volume element (26) in the analysis
space 1s scanned at least once by each lateral limiting

25 edge (182) of the receiving sector (18).

21. Method according to one of Claims 1 to 19, 1in

which each of the parallel routes (28) is subdivided

intoc two route sections (281, 282) which are oriented

30 at right angles to one another in the horizontal plane,

and each route section (281, 282) is dimensioned to be

so large that each volume element (26) in the analysis

space 1is scanned at least once by the front lateral

~limiting edges (182) in the direction of travel and the

35 rear lateral limiting edge (183) 1in the direction of

travel of the receiving sector (18) from each route
section (281, 282).



whi ch each of the parallel routes (28) to be traveled by the water
craft (11.) is dinensioned to be at least so |large that each vol une
el enment (26) in the analysis space is gtanned at | east once by each
lateral limting 25 edge (182) of the receiving sector (18). 21.

Met hod accordbng feiepe Ofc&baliBgl.td 0048, dM cwhiigl each of sthe i,
paral l el routes %28) (S subd|V|ded into two _route sections (281

282) whi ch al@l6fi ented SO & r?ght adndllds 6 e an6CRer 1A thector
hori zont al pl(abe, qnﬁjaaghgroub@asectlgﬂaﬁdﬁﬁkd,ZaaadVSrd|@Eﬁ&loneﬂs
to be so |large that, each vqu el t t e anal ysjs

i s scanned anﬁSSEFdO%%e by Yve rgﬁ?RP tera Ilrnq%ﬂb é¥g%s ?ﬁ%
in the di&ecthenwatetraveﬁtaﬁdlﬁhe 35 rear lateral limting edge
(183) in the direction of travel of the receiving sector (18) from
each route section (281, 282). - 27 22. Method according to one of
Clains 1 to 21, in which the center axis (101) of the receiving
sector (18), pointing toward starboard and/or port, is oriented at
an angle of 90 to the longitudinal axis of 5 the water craft (11).



