- 1 METHOD FOR GENERATI NG A SONAR | MAGE The invention relates to a
met hod for generating a sonar image of, an underwater area of the
generic type defined in the preanble gf claim1l. 5 A known sonar
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graphi cs techndtogy, ah o %ﬁﬂbﬁﬁﬂiﬁgﬁﬁﬁ%ﬁlsﬂﬁpo < Ste Coperaf'erdi n
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200 m (Brian G Ferguson "Aﬂpllcatlon of acoustic reflection
t omogr aphy case one cell o angular resolution, the horizontal
width of which is determined by the horizontal aperture
20 angle of the ©beam or the directional pattern,
respectively. The echo signals are correlated with a
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
25 accepts the output pulses of the correlators and
generates a three-dimensional database of the echoes in
the form of a set of contour lines for each range cell.
By means of standard computer graphics technology, an
optical image which supports the operator in
30 identifying an object 1is generated from the three-

dimensional database.

To identify sea mines, it is known to combine this so-
called broadband sonar transducer technology with
35 signal processing for sound reflection tomography in
order to obtain high-resolution images of sea mines
from a safe distance of 1000m to 200 m (Brian G.
Ferguson “Application of acoustic reflection tomography

to sonar imaging”, J. Acoust. Soc. Am. 117(5), May



to sonar inmaging”, J. Acoust. Soc. Am 117(5), May - 2 2005, pages
2915 to 2928) . For this purpose, the water craft carrying the sonar
must nove around the mne, detected ang classified in conventional
manner, e.g. by nmeans of a mine hunting sonar, so that the sonar can
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According to the invention, the object is achieved by

20 the features in claim 1.

The method according to the invention has the advantage
that an arbitrarily large underwater area can be
scanned with high resolution in space so that contours
25 of objects in the underwater area and/or the surface of
the bottom of the underwater area are detected with
great detail. A virtually straight-line travel of the
water craft carrying the transmitting and receiving
antenna over 1in each case one particular route in
30 parallel planes lying above one another is sufficient
for this purpose. To simplify the terminology, the
traveling plane of the water craft is called horizontal
plane and the plane oriented at right angles thereto is
called vertical plane. Correspondingly, angles in the
35 horizontal plane, that 1is to say in the traveling
plane, are called horizontal angles and angles in the
vertical plane are called vertical angles. The length
of the individual routes and the number of routes above

one another in parallel are again dependent on the



one another in parallel are again dependent on the - 3 extent of the
underwater area to be covered in the direction of travel, that is to
say in the horizontal direction and pegpendicularly thereto, that is
to say in the vertical direction. In the known nethods, the 5
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underwater area are ‘“observed” with the receiving
20 antenna over the route passed by the water craft. The

maximum achievable spatial resolution in the direction

of travel is generally -5~/an?;, where ¢ is the

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

be sufficiently large.

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

are traveled through by the water craft.

35 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

in the manner of a fan, all o¢f which have the same



- 4 wvertical aperture angle as a result of which, the distance of
t he measuring points fromone another and thus the traveling speed
of the underwater craft can be enlarged but the spatial resolution
in the direction of 5 travel is not changed. The nunber of aspect
angl es under which a volune elenent in the under¥ater ar
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measuring points fromonge another which should not be exceeded is
approx. 1.35 m In thea hods hitherto used in which the angular 35
resol uti on of theAuadeLmdLeL_aféﬁ_mjthin the receiving sector is
determ ned by the horl ?Izggyggyre angle cp - 5
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15 where K is the number of beams or directional patterns
which cover the receiving sector with the horizontal

sector angle @g.

As an example, a receiving sector of the receiving
l2O antenna with a sector angle ¢z = 90° shall be assumed
which 1s exposed to sound pulses of pulse duration T =
0.1 ms at a distance A, of the measuring points from one
another. The receiving antenna 1s assumed to have a
beam fan of 10 beams or directional patterns covering
25 the receiving sector which in each case have an
aperture angle of 9°. With a velocity of sound c¢ =
1500 m/s, a spatial resolution of the underwater area
in the direction of travel within the receiving sector
of 10.6 cm is achieved with these data, independently
300 of the distance. The maximum distance A, of the
measuring points from one another which should not be

exceeded 1is approx. 1.35 m.

In the methods hitherto used in which the angular
35 resolution of the underwater area within the receiving

sector is determined by the horizontal aperture angle ¢



of the beans or directional patterns, in contrast, the sane spati al
resolution in the direction of travel of 10.6 cmis achieved at a
distance of 10 mwith a .receiving anrtgnna in which a beam fan of
about 150 5 beans or directional patterns is formed with in each

case a hori zgnpt a ngl 6, .T h| ey th sane
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follows, therdmyention wiicbe pﬂﬁs&{ééoe% i refegryeatlgrrg@et %Eg% meaps
of exerrpl ary enbodi nents shown in the drawi ng, in which
attachment also to small, e.g. autonomous or remote-
controlled underwater craft. This spatial resolution in
20 the direction of travel is constant and does not become
worse with increasing distance - in contrast to the
known method. Looked at the other way, using the method
according to the invention, a very much higher spatial
resolution in the direction of travel than in the known
25 methods, which, in addition, 1s also <constant with
distance, is 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

30 waves at close range is taken into consideration.

Suitable embodiments of the method according to the
invention, with advantageous developments and
-embodiments of the invention, are found in the further

35 claims.

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

embodiments shown in the drawing, in which:



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,
showmn 5 diagrammatically, figure 2 shoyws-a bl ock diagram of the
transmtter side of the sonar, 10 figure 3 shows a bl ock di agram of
the receiver side of the sonar, figure 4 shows a perspective view of
a three- dinensional analysis space, subdivided into 15 volune
el enent s, i rnfiamuender weters ar eacashowavw difagr armeds catd §;, firguedibg
shows a top view of anj n%trpnta%%%ou%fst@,ta%eirg the,data agg %i§i tEgp
in the analysis region 20 in figure 4, shown'di agranmatically,
figure 6 shows an enl &gef Pers 3 ViEr i A ofndeieta ot aFeqn shgwns,
25 figurg 7 shows an idildéstandtdtanrfar,  expl ai ning the correlation of
vol une el enent and anplitude value of the filter signals with the
reconstruction of the sonar inmage, 30 figure 8 shows an identi cal
represent atifanpuase in SHgw e blacdordi agrdmo @f viatd anta0fmi tieer net hod,
figure 9 shows an exa;g)tlecof a transfer function of a 35 filter in
9

t he bl ock di agram of urhee :f’,ona’fri’gure 10 shows an identi cal

representation as in figure 5 with nodified routes to be traveled by

the watep Craffre 37 dHb IS MRLNOL o ARSCH bed din thed exd - Woi &b of
follows, for "generating a sonar i1 nmage of an underwater area, a sonar
carried by a water craf® PPTag used which has a sound 5 transmtter
12 (fig. 2) and a sound receiver 13 (fig. 3). The sound transmtter
12 conprises..a tra sm’Hq pul se generator 14 and a transmttin

antenna 15 WHi%W has &M ti Pl i AFYPRSCEEct r 848Busti’c t Pansdiricests
16 arranged on an antEmnrasdankilerandhesesecipdcal tuaAsKitepul SeSo

15 volume elements, in an underwater area, shown

diagrammatically,

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

20 in figure 4, shown diagrammatically,

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

25 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,

30 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

35 filter in the block diagram of figure 3,

figure 10 shows an identical —representation as 1in
figure 5 with modified routes to be traveled

by the water craft.



10 generated by the transmt pul se generator 14 are radiated by the
transmtting antenna 15 as preferably w deband sound pulses in a
transmt sector 17, the solid angle of;which is at |east as large as
a receiving sector 18, spanned in the underwater area 10 15 at the
receiving end, with the horizontal sector angle (pB (fig. 5) and the
vertical sector angle (Pz (fig. 1) . The solid angle of the transmt
sector |7 exposgte tietisodinddésonmbde 1xatisen téxbgwahtennal 15wss for
referably selected to be |larger_than.that of the, receiving_ sector
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sensi tivity Jindamd | 8bulBNNSH1 bYs Sisgnal preeessi NY.sedihs secaligd
direction-for mi[réﬁ or so-called beam form ng. The maxi num reception
e

sensitivity Sof angge r &dei VitdGlanténnat191pashl s8Scalpedet hes @
directional repatitamy ofedesm 1ThespeantHOLAl RGel SUGRITLG OUWrdd) B0

beam fo r 21 qr direction-former,  produci a fa f adj acentl
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the term beam wiflilhg.ord)y deduskd vemtdoriespahndencenalid hpnofidad. 1) .

technical u e. e.b fa fi ti ' h

ol tipl i ci Ty or® D DERn ;5%dicg%e%%rlagl%ﬁ‘gléatge%%‘geg%%2%X S5&’s the
sound from the transmitting antenna 15 1is preferably
selected to be larger than that of the receiving sector

20 18.

The sound receiver 13 shown in a block diagram in
figure 3 has an electroacoustic receiving antenna 19 of
a multiplicity of hydrophones 20 which are also
25 arranged on an antenna carrier. To achieve vertical
focusing of the receiving antenna 19, i.e. for setting
a vertical aperture angle @, which specifies the
vertical sector angle ¢ of the receiving sector 18,
hydrophones 20 located underneath one another
30 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 hydrophones 20 or all staves,
respectively, are operated simultaneously. From the
electrical output signals of the hydrophones 20, group
35 signals are received from different directions of
reception with in each case maximum  reception
sensitivity in familiar manner by signal processing,
the so-called direction-forming or so-called Dbeam

forming. The maximum reception sensitivity of the



10 receiving sector 18 of the sound receiver 13. Each beam 22 has a
hori zontal aperture angle N (fig. 5) and a vertical aperture angle
N, (fig. 6) which, in the exenplary enhodi nent described, is nmade to
be equal to the vertical sector angle (Pz of the receiving sector 18
15 (fig. 1). enerate the group signals of the_ individual beans
22, the outpﬁ?c%gﬁh%?s FBILYHE  RydrbphSeS 20626fedt dvess grgectional
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val ue of the OW pass out put si ormed In ock tinme
25 vari ati ons? ‘fOJE]ﬁ%S%Cb%%Wﬁ% e e ot hg- FFomdslocleaz® - wil | be
call ed received S|gnals in the text which follows. In an alternatlve

enbodi nent th owev form the square of th

absol ute valﬁ% gﬁ §%1b5955r ?gdrﬁﬁﬁq%ﬁgﬁeda“%ﬁ ?%?HWHétﬂﬁélClty

absol ute 30 Nﬂlherlihetamnplamjgbeup1§ig@abseaham&@kweaz @bvéh@lthﬁ

real conpon used_as ceive nals r the further
% d]g Cel % fg O% % s?oll’l(]g eH{' 19 Eagay 8?111

processing scr| 2" text “whie '5°t0
bypassi ng thézbhgé banbormﬂwnhgldeﬂmanuuy¢ &mmybeamd thieg f 0B nopaf a

the absol ut e, 35 val uear-difie squane of, thesabsolyte yalye. L block

24, the received signal's are subjected fo at ~1east oné cdrréction in
order to corfyErigat® Y eSO urenthecaecteade 1A MRkl ittudederlt he

recei ved si gnad sv&rt teel t Gc GESNBLRG Te Ab) AL ONr &tk { POnd e EosWal d
and grse:%ravel of the sound E%Ise The corrected recelved
tHitteret i n

5|gnals Re PPPFERTSS (THSsu@T O nehirEt2thatof  the
Iom#frequenaymhomnhnﬁMtsbeémﬁheZQecenﬁeﬁ Sostgnal s sag@agisvend owere

val ues t han 0 nt For_thi r pose e fllter
25 has a Mgﬁy&yég qra% gggogun%fFo§QHL%J§E$|$%¥ le$e é?ab y
l'i near varlEQQMﬂiAMQI1Ha¢€quéﬁ€y ap@ exanpisset  thirgher in complex

manner, the individual samples being delayed with the
20  correct 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
filtered. Following this, the absolute value of the
low-pass output signal is formed in block 23. The time
25 wvariations of the absolute wvalue coming from block 23
will be <called received signals in the text which
follows. In an alternative embodiment of the method,
however, forming the square of the absolute wvalue can
also be carried out instead of forming the absolute
30 wvalue. 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
follows, that 1is to say by bypassing the base band
mixing described above and the forming of the absolute

35 wvalue or the square of the absolute value.

In block 24, the received signals are subjected to at
least one correction in order to compensate, e.g. for

the decrease in the amplitude of the received signals



"hi gh-pass-like" filter 25 is the so-called ranp 10 filter. In the
case of the digital signal processing described, a |linear systemis
used as filter 25, the periodic transf?r_,functi on H(e' UT) being
proportional to the anmobunt of the angular frequency 0) within the

limts specified by half the negative and half the positive 15
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An appropriate nu L of rou i s obtained fromthe Tou
estimate L ﬁygjenlzdf{a@h@wn' in fig. 2. The filtering of the

received signals as described has the effect that
20 filter signals with positive and negative amplitudes
are produced which allow the sonar image to be
reconstructed. Further - low-pass filtering with a
transfer function corresponding to a Si function or a
window function, for example with a cosine or Hamming,
25 Hanning or Chebyshev window leads to an improvement in

the signal/noise ratio of the filter signal.

To generate a sonar image of an underwater area 10 as
can be seen, for 'example, in figures 4 and 5
30 diagrammatically in a perspective and top view, a
three-dimensional analysis space 1is defined from a
multiplicity of cuboid-shaped volume elements 26 placed
next to one another and above one another, which abut
one another with their front and side faces, in the
35 underwater area 10. The water craft 11 carrying the
sonar successively travels parallel routes 28 which are
vertically above one another in the underwater area 10,
the vertical coordinates of which are specified by zy

(k=1 to L) in fig. 4. All routes 28 are oriented in



-'r 2 2 10 where c is the velocity of sound in water and t is the
pul se duration of the sound pul ses (CWpul ses) radiated by the
transmtting antenna 15. The analysis space is I|limted by the
hori zontal coordinates x,," and xmax (fig. 5) in the radial
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base and covesirar s whighais RReterabbyisquanemand @ overtical 2g
hei ght Az. The edge lengths of base and cover area are dinmensioned

i n dependence® Pt st T¥Y 0re 25 Yk SAIMTFISSi bl e radi al
resolution. In the case where CWpul ses are emtted, the edge
| engt hs are preferaqu,zdingﬁsioned to be equal to or smaller than
c-T/2. An edge Iéﬁg#h—éﬂagﬁéater than cti/2 is possible if the
method still described’n the text which follows in 30 conj uncti on
with fig. 7 is used fo the reproduction. in the exenplary
enbodi nents described here, the edge length is selected to be equal
to c-c/i. Ro%%b di mensi oni ng _of the vertical height A of the volune
el ement $92 Sbt @i hed PPofFtRE LYl PdwiSTy "Equdt i '-35 AN ZT 2kFn the2
zi - zi - 1lbulle edctetvidruuner etiegendud, p@al S¢Or agr batakkPNrh8iated
al | ocat ed iq)a L or %ngedk%qk27%1qﬁlk§d £§nné§ez71%$f Sshort in the
text which fol | ows % PgeT3) - h el tHE' S Tout e8° 28 are AVl B by©
t he wat er criafmitkld hymih¢eh@iViwmﬁiﬁn@gwmdﬂﬁhﬁsso&henaed_&QXSMﬁhga
manner that o t$,regel nggﬁéfcmrrejc%ﬂ%?ﬂ,”tvﬁaéf’? star board JN NG o
exenplar¥ enbodiment. In this context, the angle
1 the horizontal distance of the front edge of the
analysis space from the routes 28 located above one
another. In the y direction and the =z direction, the
analysis space is specified by the coordinates Vain, Vmax
and Zpin and Zp.x, respectively, which, however, 1is not
20  shown in greater detail. The cuboid-shaped volume
elements 26 in the analysis space have the same base
and cover area which is preferably square, and a
vertical height A,. The edge lengths of base and cover
area are dimensioned in dependence on the desired or
25 maximum possible radial resolution. In the case where
CW pulses are emitted, the edge lengths are preferably
dimensioned to be equal to or smaller than c-1/2. An
edge length of greater than c¢-'1/2 is possible 1if the
method still described in the text which follows in
30 conjunction with fig. 7 is used for the reproduction.
In the exemplary embodiments described here, the edge
length is selected to be equal to «¢-t/2. Rough
dimensioning of the vertical height A, of the volume
elements 26 is obtained from the following equation

35

c-T 2x,,
A z—3—
Zp 2




encl osed by the center axis 181 or bisecting angle Iine 10 of the
receiving sector 18 with the longitudinal axis of the water craft
1.1 is selected to be 90 in the exenplary- enbodi nent. However, it
can al so deviate from 90. Wwen routes 28 are travel ed, the receiving
sector 18 with the multiplicity of beanms 22 spanned therein 15 scans
the analysis region in a wwdth of xmax - xm" (fig. 1 and 5),
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beam 22 as described. Wth the | ter signals of
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space in the, unde wat er area 32 obt ai %’desdat the end  of all routes
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space area ifhdhesiextpabi g foldows; &f& deli ned %&d%%*%f@@sgabgg
poi nt 29, which extend over the cross section of the beam 22 up.
182, in the direction of travel, of the rece1v1ng
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
measuring points 29 along the routes 28 (fig. 5), the
transmitting antenna 15 in each case emits a sound
pulse with the pulse duration 7. 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 in 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 in the underwater area 10 is obtained at the end
of all routes 28 traveled by the water craft 11. For

this purpose, spherically curved cuboids 30 (fig. 6)



to the area boundaries of the analysis space area, that is to say up
to the upper limting edges 221, 222 and 10 to the lower limting
edges 223, 224 of the beam 22. The nmean curvature radii of the
cuboids 30 are calculated fromthe discrete tine values of the
filter signal |der t|on the velocity of 1.5 sound
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value a(n+l) is assigned to the rear cuboid 30 due to the tine val ue
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wholly or partially. For all volunme elenents 26 which are whol
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analysis space area. The centering point of the
20 receiving sector 18 is considered to be the locus of
the receiving antenna 19. This is illustrated in fig.
7. For example, a front cuboid.'BO is defined for a
discrete time value n-T of the discrete filter signal
and a rear cuboid 30 of the same radial width, which
25 rests against the front cuboid 30, 1is defined for a
discrete time value (n+l)T of the filter signal. As is
illustrated in figure 7, the amplitude value of the
time-discrete filter signal belonging to the time value
n-T and (n+l)T, respectively, 1is assigned to each of
30 the cuboids 30. In the example of fig. 7, the amplitude
value a(n) is assigned to the front cuboid 30 due to
the time wvalue n-T and the amplitude wvalue a(n+l) 1is
assigned to the rear cuboid 30 due to the time value
(ntl1)T. Each cuboid 30 covers a number of volume
35 elements 26 wholly or partially. For all volume
elements 26 which are wholly or partially located
within the front cuboid 30, the amplitude value a(n) is
written into the storage locations in the memory 27

which are assigned to the volume elements 26 lying



wherein, in each storage |location, the anplitude value is added to a
menory val ue already present in this storage |ocation which
originates fromother beans 22 10 or from_neasurenents carried out at
previ ous neasuring points 29. This is carried out for all radially
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each vol une “el"enént 2% whiciv | |es mnWﬁ u
only in a manner taking into <consideration their

position within the cuboid ‘30, for which purpose the
20 amplitude wvalues 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
volume of each volume element 26 which is covered by
the cuboid 30, and on the other hand the receiving
25 sensitivity of the beam 22 which decreases from the
center of the beam 22 toward the upper and lower beam
edges 221-224 (fig. 6) are taken into consideration.
The process of reconstruction of the sonar image
described is carried out for each beam 22 in block 31
30 in the circuit arrangement according to fig. 3, wherein
the volume weighting 1is carried out in subblock 311 by
multiplying the amplitude value with a volume weighting
factor and the weighting of receiving sensitivity is
carried out in subblock 312 Dby multiplying the
35 amplitude value by a weighting factor derived from the
receiving sensitivity of the beam 22 via its aperture

angles @, ©v.



the area covered by the beam 22, that is to say within the area of
the anal ysis space delimted by the aperture angles cp, cp" of the
beam 22, and a tine value 10 to is calcu/ated with the velocity of
sound ¢ fromthe distance. Fromthe tine di screte filter signal, an
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the measuring Pt Se28&ment 26. This amplitude value a(0) is
20 weighted in accordance with the position of the volume
element 26 in the beam 22, and is multiplied by a
weighting factor which takes into consideration the
receiving sensitivity of the beam 22 at the location of

the volume element 26. This is carried out for all

25 volume elements 26 which are located within the area of
the analysis space delimited by the aperture angles ¢,

¢, 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

30 locations and adding them to the memory values already
present. The prerequisite for this wvariant of the
method 1s 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

35 resolution, which is illustrated in figure 8 by a front
and a rear boundary line and is c¢-+t/2 in the exemplary
embodiment. An edge length of the volume elements 26
which 1is greater than c¢-1/2 as in the variant of the

method according to figure 7 is not permissible.



having a di stance A. fromone another (fig. 5) . The maxi nmum
di stance A. which should not be exceeded for correct data
acquisition is dependent on the nunber of _ beans 22 whi ch cover the
receiving sector 18 and can be 10 roughly estimted in accordance
with tan 01 2 CT AY Gtanl 08 J 2'sinr~ 2K 2 where K is the nunber
of beans 22 covering the 15 receiving sector 18 with the horizontal
sector angl eTMB. réAtortdterertd cof thecribkes 28 tdaveled byt hetwaten
craft 10; t t,of the ry 27 i s, ormalized _in .
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gr aphi cs technol ogy. Flgure 10 dlagrannatlcally shows an upper route
28 on 35 which the undem%ater area 10 is "viewed" from aspect angle

intervals or sector a ‘“s Y' B-#hi ch point toward - 16 anot her

per pendi cul arly ﬁ“‘T“Thé—T__T“s 28 for the water craft 11, which
are above one anothewnC ) mﬁ jded into two route sections 281 and
282 which are oriente ri ght~angles to one another. Each route 5

-section 281, 282 is dinensioned to be large enough so that each

vol une el enent 26 in the anal ysis space is _
where K 1s the” number of beams 22 covering the

15 receiving sector 18 with the horizontal sector angle @s.

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
20 manner that each of the memory values contained in the
storage locations of the memory 27 1is divided by the
sum of the squares of the weighting factors included in
the respective memory wvalue. In this context, the
weighting factor is the product of receiving
25 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 ﬁethod described second. The
normalized memory content is deposited in a storage
30 medium 33 (memory 33 in fig. 3) which thus contains the
complete sonar image which can be visually displayed on

a display by means of computer graphics technology.

Figure 10 diagrammatically shows an upper route 28 on
35 which the underwater area 10 is “wiewed” from aspect

angle intervals or sector angles @z which point toward



scanned at |east once by the two lateral limting edges 182, 183 of
the receiving sector. 18 with the sector angle (Pa fromeach route
section 281, 282. As described 10 with respect to-fig. 5, the

receiving sector 18 can again be covered by a nultiplicity of beans
22 in order to obtaln di,st ance bet ween the neasuring paints_ 29

whi ch al | ows® & 5L ??l@?ﬁﬂ??ﬁ il ﬂr%YaVEPFHgogp&QT(ﬁoqqﬁﬁ t EPTciFaft
11. The analystisrspaceftn the unHEcMatere15aabee 16nto heosueveyedsis

scanned onceg.i ?fyﬁjé? QEE%CHHQP ?éggg t% ute §§ft n%.%% ang 0 ce

inthey diTection rou sectlon 82 and each tas
the z directioh @W%¢P@%@habfrtﬁetr@mgegSZBOtDa@ehedthahlcﬁaaherabeee

one anot her, sso: that 2he @@@I yssd Sd%é@@lgrpe@f tgh%eum%%/@t fo £asdo
is conpletely covered at the ‘end of the routes 28. nt of

the routes 2@Ia‘ae§éFPbéfdﬂ1@eofeé%m%rh¥aéé édpetial |ayla|lfyseﬁe W@Qohﬁal
sector angl esepbhai dhelsgcei vhag apt envacd @ataraﬁsnﬁﬂahhgvehge&

10, d 25 truction gener ting the sonar
?ngges of uﬁ%%%hd2§3 err%§%§§““% ﬁﬁﬁ%8? r86Fg 1g§asﬁ8ﬁﬁorln
fig. 5 and Groyld i@ fhﬁsmr@cdasmdmi $exgte]tdsrer281,Ex2@21d|mg tlhecmabead
descri bed, lbél@”}%@{ae% a U%’?Sr Ofcpge%@c SQeQ% 221 ycan

perpendi cul ar to t trav i ng~pl arle ay vert
their vertiadsimpes ter eyl les @p@ult%@¥ﬁpsmbc®f|@@amﬁ %&chnaorder

manner that gdhesumofa thesventd cal b@@%éryr@a@w&&ﬁm 9bithe 29
beans is equal, to the vertical sect or angl e cp7 of_ 35 the recel vi ng

sector 18. THE-S ghlalopt &e%‘éf@gcjpfe‘?t]b%afh%g@zt?%ww upRPafigetl Bee

are the backiguenj ecthons 10f. thee thweesdsmeisd@nalnanaley/sisdspageer! t
i's onlylghe %pherlcal cu oi ds._ which are defined by a beamwhich is

narrow iR t K& Ver tical® Sct POV S8 L hat® t REABIRA cA"Ce 171 apBft uFe
angle (p, ctipzecsmem falezdlg ntHea growWarustcthieon rafl aoedl dayceppm =tlez{ N,
wh Nis t f t 0 v C
irection SoTee merned doer Tben can Sresihl fed Ash Ty The! care
that, instedd dihea bedhreahionnijtbneapbamti $he routes 28 traveled

which are above one another, so that the analysis space
20 of the underwater area 10 is completely covered at the
end of the routes 28. The embodiment of the routes 28
described is of advantage especially if the horizontal
sector angle @ of the receiving antenna 19 only has
small values, e.g. 10°, due to the type of
25 construction. For generating the sonar images of
extended underwater areas, a number of routes as shown

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

Extending the method described, a beam fan of a number
30 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
manner that the sum of the vertical aperture angles @,
of the beams is equal to the vertical sector angle @, of
35 the receiving sector 18. The signal processing per beam
22 remains unchanged as are the back projections of the
three-dimensional analysis space. It is only the
spherical cuboids which are defined by a beam which is

narrow in the wvertical direction so that the vertical



generated, the horizontal aperture angle (p of which is equal to the
hori zontal sector angle tpL,. In this case, however, the distance AY
of the measuring points 29 nust 10 be very nuch smaller which is
associated with a reduction of the nmaxi mum possible traveli ng speed
of the water craft 11. Here, too, however,.the horrzonta% %rture
ArE “1

angle (pr of*RHe-HetePViong s'fgtt or 48 Pethbideddl vifAg  an o°fs
made as | ar gree;ahaaesd abiowed=byp,/85 terenst al § athen rcondizt | @hsbabtms he

water craft. thefcyar Latian, ofc e srethod daseribed.  the
al ed o

receiving sec or can so be opene rt side or with two
receiving antennas on the starboard and 20 port srde of the mater

craft 1ls |nrr¥é‘eméﬁ{éc§rd&§§§1be&'n9£ﬂv‘@1§6 1L 8RS BF £ &1 AU LRDEQUSL Yt
scanned on both sides of the direction of travel. It nay al so be, of

advant age i f-ite wat®FteR@aftOi1 fraPePd afAdand&lshaiel rotd®. is

Naturally, iders-ass) bth@etﬁod!rg@ﬁﬁ@B 2bewttihet Bagdigigt izatienc1of i § he
out put signals of the rophongs and to per ggrmthee%r]e 1E)od on t he
a

basis of anal r%%ewgd FRENS 2 THE e S 9dés b Ve cahc
al so be nodifavedrdm tiee BiGextentAt hat thenmeeadrohgapthB epahtstl,

a diving, ingtr 'n?u&?e‘jsxﬁaslh opar Canti ef %Qo%{ﬁ’@és &th  a
vertical route. Inthis case e sane net ho er f or ned
Wi th a receisdds sleut opfr othg e@apymon m%bl@eaﬁr@ﬁﬁltﬁgrmﬁdmél y

rotated by 90, IBcesr PAFENT @hAIM%reS %OOA qﬁ%ﬂﬁﬂﬂiort@@nﬁéﬁikﬂﬂtﬁi

sonar inmage of an under wat er area 0 using a sonar carried by a
wat er craft IPEHUHG cAPHAS dPx r@hsiret i F %h‘fjerrﬁrasfef@?r fbt P4di & ng
sound pul se&@uixarrgecﬂwemga an¢ em@am&ae( 49) laspannisng & 4 EC@tad Ngy

t th t al t t | PB ( P7,
?gf Oreé |vrt$g a \/\/a‘iii/téli'gf)r}l gcéﬁ el(rjcel\é%%aék Fr}l%ren%f’lﬁérag%(ﬁgrc\(i\ét er(ar e?at

(10), which is covered by at | east one directional pattern with
predeter”in%?!eathdg%Hgfﬂ v%&qation of the method described, the
receiving sector 18 can also be opened on the port side
or with two receiving antennas on the starboard and
20 port side of the water craft 11. In the latter case,
underwater areas are simultaneously scanned on Dboth
sides of the direction of travel. It may also be of
advantage if the water craft 11 +travels a meander-
shaped route. Naturally, it 1s possible to dispense
25  with the digitization of the output signals of the
hydrophones and to perform the method on the basis of

analog received signals.

The method described above can also be modified to the
30 extent that, instead of a water craft 11, a diving
instrument is used as sonar carrier which travels a
vertical route. In this case, the same method would be
performed with a receiving sector rotated by 90° and a

beam fan correspondingly rotated by 90°



15 vertical aperture angles ((p, (p") , in which the follow ng

met hod steps are carried out: in the underwater area (10), a

t hree-di nensi onal analysis space of a fpgltiplicity of volune

el enents (26) |ocated adjacently to one another 20 and above one
anot her is defined, each volunme elenent (26) is allocated a storage
| ocation in a storage nedium (27), the water craft (11) with the
receiving sector (18) pointing to starboard and/or port is noved 25
over a plurality of straight-line parallel routes (28) which are
above one another at a vertical distance, a sound pulse is in each
case emtted at successive, prefet?dBINT éddildisst ant neasuring 30
points (29) along the routes (28), and detected as a received signal
via the directional pattern after back scattering fromthe

underwat er area (101"<&h@%vaPdat E8RGFERIRIhi Gh-PASIL | i KerdF | 1 an
(25) and 35 un&br@é@brﬂE@B@iln@ijIhy (P9A)ng an agphdt uderrdlede by s a

det er m ned fronlthe fi al comng from the filter (25 r
each of the VSFSHE e é%en{ g@%ﬁc og%§e8 r?ﬁfﬁlgﬁengreat% n%hel%
anal ysi s spader debidaptedgbyseled aperiasse anglea((¥$C¢p@9ngﬁ arients

di rectional paern gyaﬁﬁ OE_thﬁﬁﬂgﬁ}HkP” QéctBFe valyme & @HE 4

(26) in the analysis space - area anplitude val ue wei'ghte
accor dance RPFHZPﬁéaéos?FﬁonV@¥t%ﬁ@lvdﬁﬂﬁéﬂéléﬁéﬂﬁ3(26¥r|n¢5rthéor

anal ysi s spagecakreanand %uhaen wdkds t hecastarage | geaki onsabd ocated
to the vol une Ienent %ﬁ ﬁbai t he sanme tlne<ﬂgded to nenDr
val ue al ready ﬁF@@EﬁF [ Frockd | onveEe” 2PY TRE ﬁ5d0§§

clainmed in cﬁargbi;onalm@mmhsrhomltde@e@memem@;hha1@deﬂMﬂwatmal@&a
spnertcally SMLYRd,cubBlas [30) D2 PrgCelLnable ragheh WAlh
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 wvertical
distance,

- a sound pulse 1s 1in each case enitted at
successive, preferably equidistant measuring

30 points (29) along the routes (28), and detected as
a received signal via the directional pattern
after back scattering from the underwater area
(10) and evaluated with a high-pass—-like filter
{(25) and

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

delimited by the aperture angle (¢, ¢,) of the



val ues taken fromthe filter signal, which are 15 nultiplied by the
vel ocity of sound, and which are adjacent to one another in the
radial direction and extend up to the avea |imts, are fornmed in the
anal ysi s space area, and the anplitude value of the filter signa

bel ongi ng to each ed & o eac

el ement (26) mhlcﬁ}fﬁgaﬁgq §§Eg%%§|§$7aﬁ€%%%tgﬁ; tﬁ %O%%gqgﬁbo?%
(30) determ ned b%hqrmﬂﬂlW@ valeeens8, fhe netrthodhas éDéﬂWﬁé&lﬁEﬁ@@ﬁ\

1 or 2, in which 254 he.gubekgs 3@k W&L@nﬁéﬂjﬁ{:@é Wirt ha@cé,@@aﬁ&e
wi dth correspondin to the desired, preferab imum resol ution

and the vol une el & st?%6foéﬂ§l@8ns:ﬁuEPEdVQ&WW?EF%%%%?E Hadd ahd
cover area which ithecachalases hapecedgerkengtha |ocatedni nithe aim@
of the desired, 30 ngera Ig maxi mi gadlal resoLgtlonj4and %ﬂ a
vertical height (AO°Fo4° HetWod® as SP&Fed G nterai e er 3-SR
which the me|ght|m@5oﬁnnheaanpm$tadmevahmesadgedampledlm&mony1véﬁhe
such a manner tha e .val d | ume el enent
(26) is nultiplie%’ y%gysgggﬁé%%eﬁéhsﬁﬁgg%ﬁ ?g l&%ﬁg gakes into
consideration the volune percentage of the volune el enment (26)

| ocated imsi de theCuboinbd 38y and/iaePyiR @ehVING $ENSMticW,t Yeor
20 weightin act qor which take nto. consi.deration the recei vi ng
sensitivity %FtﬁﬁguﬁﬁpgbtFBﬁaJaTﬁi%E$ﬁaaWaéﬁﬁs'loﬁﬁ??ﬁhcﬁ%l¥héﬂVaﬁﬂﬁe
el ement (26) cubocSdsThesomet hodhas obaddeck dmni iedkdlian 2adial whiiehh,f othe

determ ni ng th%.ang££tgge¥%au%§ forO acl ]I:Iun@eeh%ﬂggglef6%ymméﬂ%§
t he anal ysi s Space area e st'ance of s céenter from

centering poivatuefs t heakatei frog d$éet orf(UB)r i ssdenet n ngdichromre
this a tidqre }ﬁ%'lléfig'ﬁeéo sal C&H@t%l‘ﬁc&t&yt h@fv%cﬂfﬂ&,y %ds%'ﬂﬁcﬁ”da@é‘

anplitude value belonging to the tine value is taken fromt
filter S|gnanﬂPFﬁn¢es%%cﬁH¥b eaghier mévarbe divdlicdssPgredatient mnd

vol ume el eneBkte?B) . upd 6o Theemebhed asiglebpedaid ci@mad, i whigh
the analysis space area, and the amplitude wvalue of the
filter signal belonging to each time value taken is
20 assigned to each volume element (26) which is wholly or
partially located within the cuboid (30) determined by

the time wvalue.

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

vertical height (A,).

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

the cuboid (30) and/or by a receiving sensitivity



vol une el enents (26) are constructed with a square base and cover
area, the edge lengths of which are equal to a desired, preferably
maxi mum or snaller than a desired, prebeéerably maxi numradial.
resolution, and with 20 a vertical height (A ). 7. The method as

claimed in ClV\%l’Hl’&lq{g 6.f alcR Shi &chﬁhetg\%]ahtlln 9 OEOEFEd@g‘gIEEEHdethe

values is carried out"in such a nanner t each anplitu
assigned to & 25 Wi\ eveS B et L (2 et i S APty Re et vithgthe

sensitivity weightidyg Jacter whiglk takesntnt@es)consi deration the
receiving sensitivity of the directional pattern at the | ocation of

the volune elenent (26). 30 8. The method as clained in claim3 or
6, in whith 5St.he Vvt icathdei ght (14inesd apxp)raxialmme]l,y dh memsiconedto:x

- Z 2Xx,n,m2 he, rt| d ta bet ween
the top and td}%Lt rp(gn\af\@s oft%teﬁImu:-pou]ttzls&e(283]*‘5{1 a§§1 Cjtelhe elemen
hori zontal di(Sttancelofin héhanailry%hsﬂﬁ)aégateomrtel@e r oue e@ll(sza)lcanobf

c2/2 is the maxd mim&adirdlr esol ubbaReWi hh %xﬁ§ﬂ¢h@fv%%,c'fébéﬁv1ng
sound in - 21 water and T as_pul se duratl on of the sound pul ses

radi ated by SREUCFanstiYtitfg Wit q5)fre" thésmey hBHm%sVé’Ilé}ierre‘eF

in one ofocl aamsul atre d8,wiith &M@Do&h@yrﬁﬁebwaddsh@@abﬂ SargERd e
with a sanpli freg enc of 1/ T andthetl -di scre reC|ved

signal is fi' Fgéllgedb% & &% née]{fmesy‘éat ) the €?rbd gom  the
transfer funétuldmrH(eigm)ilofwwhhcmequartopcmt| enah toiméhevahoeintaraf

the angul ar £ %ﬁ%ﬁ%ﬁytEDtWet@ R ohReh i %B§né??2§fi ned by half the

negative and the positive “angular g frequency (-7z/2T
and -1 7T/2T, respectively) and drops fromthe bottomlimt to zero

and risess frgm zerget nd 18,4 OR ! Iéﬂa{lme@ 1Q. Fheqpeshod as,ghahmg,d n
one of claine 1 to 4 and claim$9, in which discrete’time val ues are
sought in 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
20 a vertical height (A,).

7. The method as claimed in claim 5 or 6, in which
the weighting of the amplitude values is carried out in
such a manner that each amplitude value assigned to a
25 volume element (26) 1is multiplied by a receiving
sensitivity weighting factor which takes into
consideration the receiving sensitivity of © the
directional pattern at the location of the volume
element (26).
30
8. The method as claimed in claim 3 or 6, 1n which

the vertical height (A;) is approximately dimensioned .

c-T 2x
as —
2 z, -z

min

where zp-z7 1s the wvertical distance

between the top and the lowest of the routes (28), Xumin
35 is the minimum horizontal distance of the analysis
space from the routes (28) and c¢-t/2 i1s the maximum

radial resolution with ¢ as the velocity of sound in



the filter signal and the nean curvature radii of the cuboids (30)
to be allocated with the tine values are calculated by neans of the
velocity of sound. 20 11. The nmethod as2clainmed in one of clainms 5 to
7 and claim9, in which anplitude val ues belonging to the tine

val ues cal cu f t | u e {46) e bt
|nterpolatloh%%%qfhgﬁglPfe%%5| ?é gﬁﬂ%%:<%he %%tﬁgg agégfalﬁﬁ'ses
one of clalnﬁa@lﬁéeﬂlbY'ﬁhewﬁﬁéﬁSmhétﬁéﬁnﬁytébh@eh@5bf the storage
medi um (27) is normalized at the end of the routes (28) traveled by
the water craft (11) 30 13. The nmethod as clained in claim12, in
whi ch the  ndrmal PEEngSEoeartd & BORCA i ISUTH o0 haAhSiTE hit tBagh 161
t he nmenory vahtes Ctmttamedmadt he gslear age kaegtiednsvitrs di \Slad@d_lbﬁg

the sum of the s uares i g 35 facto s i_ncl uded i
respective ngnnr§e3§ ué. %ﬁFT%n ngﬁﬁoglme "R EPRBESI KOS VS 5P§P§§ 1
to 13, in mhscﬁuiﬂﬂMG9<Qﬂompaesg@él§(ﬂnmﬂmedSbytdmrecheomerh@dapng
are used as gLy 1%2§! jorl5. fThe h e
of clainms 1 Egg %,gg % I C I%hg%éar%afﬁzn %F?ﬁ ?ghg§6§ﬁgkg? %g g?e
val ue or of tPReagadicafitc tissergre aval teWrN el &t Lrioupls dilgasss

obt ai nedi Py dekesbhon§OrHEING ane Usesh@sSve I €6RI VRH1SI gnal SpolBriThe
net hod as clalnegaln one of clains_1 to 13, in 6éch the real parts

of group si gRRPE1BHt ai FEFHYRN0 of FREIGHL f or MG Gre G568d ad™ 2

recei ved si gnakpectZveIhe mﬁdek@pBCfﬁmﬂEdh&nbﬁﬁidﬁ Timitstd terdb,
in which th orizontal sector ng ({pa) the receiving sector
(18) is dlﬂE%g?OHG g % O% ZeFarge ggepég % e 5 under installation
conditions and the horlzontal and vertlcal aperture angle ((p, p,)
of the dig ec&bonamepa&%a %f tél% ihRGeIY %@%@naﬁaﬁxﬂ§> '§%S@' &6ked

to be equal to the horizontal and vertical sector an
claim 9, in which discrete time wvalues are sought in

the filter signal and the mean curvature radii of the
cuboids (30) to be allocated with the time values are

calculated by means of the velocity of sound.

20
11. The method as claimed in one of claims 5 to 7 and
claim 9, in which amplitude values Dbelonging to the
time values calculated for the volume elements (26) are
obtained by interpolation in the filter signal.

25
12. The method as claimed in one of claimé 1 to 11, in
which the memory content of the storage medium (27) is
normalized at the end of the routes (28) traveled by
the water craft (11). '

30

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

35 factors included in the respective memory value.

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

forming are used as received signals.



(pz) of the receiving sector (18) 20 18. The nmethod as clainmed in one
of claims 1 to 16, in which a multiplicity of directional patterns
pl aced next to one another horizontally2in the manner of a fan wth
preferably identical horizontal aperture angles 25 ((p) and
preferably identical vertical aperture angles ((p,) is opened in the
receiving sector (18) by neans of the receiving antenna (19), which
are di mensi oAéd i Ahesaeh hadnasneraihed tile c9emodt alkémsorli Zontld, in

aperture anghesn( (mk ivnedualod o,ihe Hond 29nt 8heSaeLen uaBahe 1P
30 of the FECEIVIH% sector 18) and each vert.i cal a erture angle
he

((p,) is equaf t& I© sESEr Vaitgl &3¢ (Fz) B GAH®EC el AN
sect or (IB).si%nthe @E&b@@e@S elyai medcddt ione fofrmehal Mairk t skl idy
35 which a nultl of .directional patterns placed next to one
anot her horlzgﬁFaIF 5%8 v%?tlcally in the manner of. a fan, with

preferably |dent|cal hori zontal aperture angles ((p) and preferably

i denti cal . Veﬁ%'Ca&heaﬁg%hgpea@nghﬁﬁmggpln o%eog%n%?féﬁ.tﬁetreﬁ%'VHQQ

sector 23 (18) by neans o he recel ving antenna which "are
di nensi oned Whl§hchtlaerra¥m®¥ ttt ¢ he fsufrefrt helghak$ zortta insser ur e
angl es () Hh$regdabnt@othengharbzoptal asest oL fngl e1dLpe) . of the
receiving sector 5 (18) and the sumof the vertical aperture angles
((p") 1is equal to the vertical aperture angle ((pz) of the
receiving setvor (h8)me2BodThe nebhemddasncbaenmed icnathai m 18 ars,19n
in which 10 1he horizontal ctor. _angl e a ceivin
antenna (19) £ gglgénsgone © % %e §§t%§r§e%§$)ﬂ§?%|8$e SngeCé%Vlng
|nstallat|on8@©h©rtﬂdﬁ3 . dﬂh%nﬁE@hﬂﬁ as Gleaiaredlangenesofrcelsaiie
16 to 20,5 1§n&QrVWh&§ké¥%H}gQ&lt@%nB%E%bh@'e&ﬁyt%ﬁe(%ﬁérEQ ﬁ%%l and
travel ed by the water crat 11) di nensi oned be east so
| ar ge t hat eﬁ%ﬁt%%@hnea%ﬁﬁﬁﬁﬁﬁ (%&qun e @ahaﬂ%%l§j§ba@ére§t§@§ﬁﬁed
at | east oncgabyeeachr! aher abcelbihti Racedds ((182) ief stheckeeeivi ng
sector (18).
equal to the horizontal and vertical sector angle (@g,

¢z) of the receiving sector (18).

20
18. The method as claimed in one of claims 1 to 16, 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
25 (¢) and preferably identical vertical aperture angles

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

the receiving sector (18).

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

aperture angles (¢y), is opened in the receiving sector



20 22. The method as clained in one of clainms 1 to 20, in which each
of the parallel routes (28) is subdivided into two route sections

(281, 282) which are oriented at right 28ngles to one another in the
hori zontal plane, 25 and each route section (281, 282) is dinmensioned

to be so largethay ﬁ@&ﬂsVBEU%%eeE%rE%th(n%ﬁ)adt%n%%e &%'X%ﬁlcﬁpéig

is scanned at Ieast once by the front lateral |imting edges (182
in the directdGieoiidteeltfanguChe ar cBRN1AF ertdla2d i rAe n§uEdger( 1839

in the di rectnmmnt%ol trayettofet hangaeei viRg sect or oG8N friam eggeh
route secti 2811ﬁ§§2é gB The netgod as clained in.one of clains
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(18), poihting&owand shar koar do@andher veortticails aréenied atgaas angle
of 90 to the jongitydinal gxbs i {08 WaLeL GLAT LM - (¢,) of the

receiving sector (18).

20. The method as claimed in claim 18 or 19, in which
10 the horizontal sector angle (@z) of the receiving
antenna (19) is dimensioned to be as large as possible

under installation conditions.

21. The method as claimed in one of claims 16 to 20,
15 in which each of the parallel routes (28) to be
traveled by the water craft (11) is dimensioned to be
at least so large that each volume element (26) in the
analysis space 1s scanned at least once by each lateral
limiting edge (182) of the receiving sector (18).
20
22. The method as claimed in one of claims 1 to 20, in
which each of the parallel routes (28) is subdivided
into two route sections (281, 282) which are oriented
at right angles to oné another in the horizontal plane,
25 and each route section (281, 282) is dimensioned to be
so large that each volume element (26) in the analysis
space 1s scanned at least once by the front lateral
limiting edges (182) in the direction of travel and the
rear lateral limiting edge (183) in the direction of
30 travel of the receiving sector (18) from each route
section (281, 282).

23. The method as claimed in one of claims 1 to 22, in
which the center axis (101) of the receiving. sector

35 (18), pointing toward starboard and/or port, is
oriented at an angle of 90° to the longitudinal axis of
the water craft (11).



