<.+ MWD2007/006397 1 PCT/ EP2006/ 005546 . ATLAS ELEKTRONI K

GtbH Brenmen. 5 APPARATUS FOR DETERM NI NG A WATER
CRAFT'S OWN SPEED The invention rel atesto an apparatus
for determining a water craft s own speed by Doppl er
measys o5FAY 0o@fed he  generi cltype def i naskjigp2bbe/cossds
precharacterizing clause of 10 claiml. In the case of
such so-cal |l ed Doppl er Iogs sound energy is
transmtted e, transg o} r engy at an

i nclination an&fg a fo'fﬁe%ﬁ%vgéiﬁfgy aﬁecg?'the 15
water craft, is reflected FF8EFEhe seabed or fromthe
wat er, and the reflected conmponents of the sound energy
are received again, with their frequency being shifted
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20 w of the vehicle is determined from the Doppler
frequency shift fp using

4
fo=2—f -cosa
c

25 where c is the speed of sound in the water. If the
inclination angle o of the transmission and reception
direction, which is normally referred to as the main
lobe direction of the antenna, is adjusted by shifting
the phase of the drive to the individual transducers,

30 then the measured Doppler frequency shift is
independent of the speed of sSound ¢ and the
installation of the antenmna in the water craft becomes
gimpler, since the antenna may be in the form of a-flat
antenna which is aligned parallel to the movement plane

35 of the water craft.



- 5.generator whose rotati-ng:field revolves cyclically at
the transm ssion frequency fs. The rotation direction
of the rotating field. determ nes whether the main | obe
direction, which is inclined with respect to the

novegeioopl/apgs®f the water craft, of thwerasbenssodssak0
di rected ahead of the marine vessel or astern of the

marine vessel . The transnission frequency fs is
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row {y direction) on the one hand and all the
transducers which are located at equal intervals one
25 Dbehind the other in columns {X direction) on the other
hand are electrically connected to one another and are
connected to a beamformer for the X direction and to a
beamformer for the Y direction. The transducers which
are connected to one another are normally referred to
30 as staves. During reception, the output signals from
the staves are phase shifted in the correct phase, and
are added in phase, in the X and Y beamformers. During
transmission, the transmission signal which is applied
to the staves is shifted through the same phase angle
35 from omne stave to the next, with the phase angle of
360° being split uniformly between the staves. The
definition of the .phase :shading also defines the

transmission frequency of- the transmission sigmnal and



2 ta the horizontal plane; the so-called emssion and
transm ssion angle of the Doppler log. 5 The invention
i s based on the object of .inproving an apparatus of
the type mentioned in the introduction, such that its

fi el obo9pgsedd-on both with respect tecr/heaéymeostas
wat erway and the waterway conditions as 10 well as the

type of vehicle is expanded, 3wi't h precise velocity
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Accordi ng he i nvention; the object is achieved by
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r5ange of the apparatus 20 thus being fixed invariably,
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by sw g toalTow transmssion frequency, because
of the reduced attenuation of the sound waves.
Overmidordihe tapabél ityeBficne $hiet ohieet weenndiiciedeity
trangid ssLon-{4 euengigsi nakes it possible to produce
n. apparatus with an operating range fromone to
veral hundred neters, . thus making it possible to
car rfheouteppreet st oRCCAERLLT erdnt the oATSIPACEBW WedSer Walfs
to degpdtaber waws. S5 | Dogbler anessuddientnaldadati@n be
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appagat us,accoLdingst oshhe dhaventdQR eaheBe Uses, Wity
conditions by selection of a different transmission
frequency. For example, it is possible to switch to a
high transmission freguency in shallow water, allowing
25 precise Doppler meagsurement even in shallow water. In
desper waterways, a sufficiently great measurement
depth can be achieved. by switching to a low
transmigésion frequency, because of the reduced
attenuation of the sound waves. Overall, the capability
30 to switch between different transmission freguencies
makes it possible to produce an apparatus with an
operating range from one to several hundred meters,
thus meking it ©possible to carry out precision
measurement from shallow waterways to deep waterways.
35 In all cases, the inclination angle of the main 1lobe
direction of the antenna with respect to the movement

plane .0of the water craft remains the same.



- equal Iy good nmeasurenent. results both.in surface,
vessels as well as in. submarines and snall

aut ononmously 5 operating underwater vehicles, so-called
AWs or drones, which frequently travel at a
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1nvent10n, together with advantageous developments and

refinements of the invention, are specified in the
further claims. } »

25
According to one  advantageous embodiment of the
invention, the: transducers which are driven in phase in
the various groups are each connected to a common power
amplifier, that is to say they are hard-wired to the

30 power amplifiers. Indépendently of the setting of the
transmission freéquency, only as many power amplifiers
are therefore required as the number of groups of
transducers: operated din parallel in the antenna.
Despite the capability for transmission frequency

35 switching and the multiple emission of transmission
frequencies, only "av: low level of power amplifier
complexity ds therefdre required in - comparison to

conventional Doppler-logs.



Accordi ng to one advant ageous. enbodi nent of the

i nvention, the transducers are produced froma

pi ezoel ectric conposite material, so-called conposite,
5 in which a multiplicity of ceramc elenents are
embegslethoNogs PP} ymer, with nmetallic S%éa@%@%oﬁ@}‘dd’%z;s
contact with their end faces. The antenna can

produced at | ow cost from this “conposite materi aI ,
since all that is necessary to formits transducer is
10 to etch the transducer el ectrodes out of the .
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narrower strip width, and are arranged in rows, leaving

gaps when seen in the strip width:. The strip length is
25 in this case aligned at right angles to the projection
line of the desired main lobe direction of the anternna

onto the plate plane.

According to one preferred embodiment of the invention,
300 a total of four sectors are provided on the plaée, each
form an  antenna, and are  offset through a
circumferential angle of 90°  with respect: ‘to one
another. The alignment of the longitudinal edges of the
electrode surfaces, which are in the form of strips, in
35 the four different sectors is thus likewise offset
through a circumferential angle of 90°, so that the
strip length, that is to say the longitudinal edges of

the electrodes, run parallel to one another in. in each



6 case two nutual |y opposite sectors. A design such as: -
this allows sinultaneous transm ssion and reception of

sound waves in four main | obe directions offset through
90 Wth respect to one another, when, according to one

5 adwamEHgeeas3gnbodi nent of the i nventpamyErkhes pieHsae
is arranged on the vehicle such that the tour main

| obe directions point ahead, astern, to port and to
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onthe late, in W set
angmlssz.on has the a tage that there 1s no need to

use one set of power amplifiers in .each case for all

25 the antennas, but the same set of power amplifiers can
be connected to all four antennas by means of
appropriate switching elements. Since power amplifiers
for transmission operation are expensive .components,
‘the reduction in the number‘ of power amplifiers, in

30 this case by a factor of four, very COnsiderably
reduces the total costs.

The provision of four separate antennas on the same
composite material plate can be achieved at low cost by
35 means of a wet-chemical process, and leads to a small
antenna configuration, based on the'Janus_prinCiple, It
is, of course, possible to form a total bther than four

©of antennas on the plate, in which case the offset
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antennas in, the circunferential direction is

determ ned by the nunber of antennas. According to one
advant ageous enbodi nent of the 5 invention, the

ant emoaso@rmodesigned identically in al kzcmﬁmmmoaﬁus
the plate. That electrode in the formof a strip which
has the greatest strip length, that is to say the
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I nvemddaravkhhabes described in nore detail in the
following text with reference to one exenplary 35

enbodi nent, which is illustrated in the drawing, in
3thi cH WIS007W 0BBHG7 opei EPogDB0058480bgs which occur

transversely to the main lobe direction, the individual
sectors according to -0ne advantageous embodiment of the
invention have concave curvature in the direction of
the strip length of the electrodes. This results in the

25 plate, which is occupied by four sectors and is
composed of composite material, being approximately in
the form of & hollow mirror. Since the influence of the
curvature on the sidelobes 1is frequency-dependent, it
is necessary to choose the curvature such that it is

30 optimized for all the transmission frequencies which
can be selected.

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

35 embodiment, which is illustrated in the drawing, in
which: '



“ Figure. shows a side view, -in-the formof a detail, of
a vessel wth a Doppler log, illustrated
schematically, Figure 2 shows a plan view of the
antenna 5 configuration of the Doppler |og shown in
Fi guwe dqo7Hiogase7 3 shows a section, in pée/Hraoospfossss
detail, along the line Ill 1Il in Figure 2,

i Il ustrated schematically, 10 Flgure 4 shows a section
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al i gned parall el gjt e, movenent _35 direction of the
surface vessel . TH&9¥At BAdE9YE6nfi gurati on 11 has four
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20 Figure 7 wshows a table for the phase shading of
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25 The surface vessel which is illustrated in the form of
a schematic detail in Figure 1 as an exemplary
embodiment of & general water craft is equipped with a
Do’ppler log by means of which the surface vessel’s own
speed is measured over ground or through the water. The

30 Doppler iog,_ which operates on the so-called Janus
principle, has an antenna configuration 11 as
illustrated in the form of a plan view in Figure 2,
which is attached to the bottom of the wvessel hull,
with an antenna plane aligned parallel to the movement

35 direction of the surface vessel. The antenna
configuration 11 has four antennas 111, 112, 113 and
114, which are arranged rotated through 90° with

‘respect to -ene another. Each antenna 111 to 114 has a
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equal intervals and are riven, for example, by a
polyphase generator with phase shading® at one
25 ‘transmission frequency. The transducers 13 in the
antennas 111 and 112 and the transducers 13 in the
antennas 113 and 114 are, however, each driven in
antiphase with the same phase shifts. The emission
angle «, that is to say the inclination angle « of the
30 main lobe direction 12 with respect to the antenna
plane, is governed by the distance d between the
transducers 13 and the wavelength A of the transmission

frequency.

35 Each of the four identically configured antennas 111 to
114 is formed in one sector of a plate 18 composed of a
piezoelectric composite material, so-called composite.
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arranged alongside one another (Figure 3), and a
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arranged transversely with respect to them. The etching
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leaving a separating gap free. The longitudinal edges
are 1in this case aligned at right angles to the
35 projection line of the main lobe direction 12 of +the
» antenna 111 on to the plate 18. In the exemplary
embodiment illustrated in Figures 3 and 4, electrodes
16, 17 in the form of strips are etched out of the
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suppresses unavoidable sidelobes in the directional
25 characteristic of the antennas 111 to 114, which do not
point in the main lobe direction 12, for interference-

free operation.

The total number of transducers 13 in each antenmna 111
30 to 114 is split into groups 20 with the same number of
transducers, that is to say with the same number of
transducers 13 {Figure 5), with the transducers 13 in
one group 20 being driven with phase shading via power
amplifiers 19. All the  groups 20 are operated in
35 parallel, so that the trénsducers 13 in each group 20
are fed with the same phase shifts. In the described
exemplary enbodiment of the antennas 111 to 114 with

twenty-four transducers 13; the transducers 13 are, by
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between the transducers 13, the inclination angle o of

each

the main lobe: direction 12 and the wavelength A of the
transmission freguency fs, in accordance with the known

equation:
25
c
cos a=—2" where A=—,
zir-d 1.’

where ¢ is the phase shift and c is the speed of sound
in water, The transducer separation d is fixed, and the
30 inclination ‘angle o of the main lobe direction 12 of
the antennas 111 to 114 must be maintained. The
transducers 13 within the groups 20 are therefore split
into at least two subgroups 21, which can be operated
in parallel and have the same number of transducers 13.
35 The c1rcuitry for each of the subgroups 21 which are
operated in parallel is connected to the same power

amplifiers 19, and these are driven with the same phase
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for this is illustrated in Figure 5. The possible
second transmission frequency is now 2f. because of the
two subgroups 21 which are formed in each group 20. In
accordance with what has already been stated, the
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power amplifiers 19. The transducers Nos. 4 to 6 in the

second subgroup 21 in the group 20 are likewise fed
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frequencies. As shown in the table in Figure 7, the
25 twelve transducers 13 in the groups 20 which are
operated in parallel are each fed with the freguency
tg, each phase-shifted through 30° with respect to ore
another. In order to emit the transmission frequency
2fs, two siubgroups 21 of six transducers 13 each are
30 formed in each transducer group 20, with the
trransducers 13 in each subgroup 21 being fed with a
phase shift through 2 x 30° = 60° with respect to one
another. In order to emit the transmission freguency
3fs, ‘the circuitry for the total of twelve transducers
35 13 in each transducer group 20 is combined to form
‘three subgroups 21 of four transducers 13 each, with
‘the transducers 13 in each subgroup 21 being fed at the
frequency 3fs, phase-shifted through 3 x 30¢ = 90° with
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vehicle body, so that the plate 18 is ar:angéd parallel
to a plane which 1s covered by the longitudinal axis
25 . and lateral axis of the underwater vehicle. In order to
suppress or to largely reduce sidelcocbes which occur
transversely with respect to the main lobe direction 12
of the antenmnas 111 to 114, the plate 18 1is
mechanically curved, thus resulting in it having a
30 - shape similar to a hollow mirror. The curvature is
chosen such that an optimum reduction in ‘these side
lobes is achieved for all possible transmission

frequencies.



- suppress or to largely ‘reduce sidel obes:which occur
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1.. An apparatus for determning a water craft's (10)
own speed by Doppler neasurenment with at |east one
antenna (111 to 114) which is arranged on the water 10

cgaft (10), conprises apgbbt Rragisty of el ectroacoustic
transducers (13) which are arranged in a row or rows at

equal intervals and have a broadband transm ssi on and
recebt i odnc k@pacterd sidre degpuniming a estkt ofaftie (10)
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(13)parulilledé and have the same numbers of transducers, with
the total number of transducers (13) being chosen such
that the transducers (13) within the group (20) can be
combined to form subgroups (21), which can be operated

25 in parallel and hdve the same numbers of transducers,
and such that, if the main lobe direction (12) of the
antenna {111 tc 114) is mot changed, the transducers
{(13) in the groups (20) which are operated in parallel
are driven selectively at a first transmission

30 freguency (fs) and/or the transducers (13) in +the
subgroups (21) which are operated in parallel are
driven at at ledst one second transmission frequency,
which is an integer multip‘le of the first transmission
frequency (£fs5), with the multiplication factor being

35 determined by the number of subgroups (21) which are
operated in parallel in each group (20).



subgroups (21) which are operated in parallel are
driven at at |east one second transm ssion frequency,
which is an integer multiple of the first transm ssion
frequency (fs), wi.ith the nultiplication factor being 35
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Hht eifhatital £ “BEFyon g Che bt bt pﬁ"éﬁ‘@d p a sector
of a plate (18) composed of composite material, and the
electrodes (16, 17) which make contact with the ceramic
elements (14) on at least one end face are in the form
of strips with a strip length which is greater than the

25 strip width, and are arranged in a row or rows with a
column -separation, seen in the strip width, with the
strip length being .aligned at right angles to the
projection line of the désired main lobe directiom (12)
of the antenna (111 to 114) on to the plate plane.

30
6. The apparatus ag claimed in claim 5, characterized
in that the strip length of the successive electrodes
(16, 17) in the row: decreases, starting from the
central electrode (16, 17); toward the two outer

35 electrodes.

7. The apparatus as claimed in e¢laim 5 or 6,

characterized "in that the sector has concave curvature



6." The appar at us as clained in claim5, characterized
in that the strip length of the successive el ectrodes
(16, 17) in the row decreases, starting fromthe
central electrode (16, 17), tovvard the two outer

el edid 98470963%he apparatus as cl ai rrequTr'fﬂe?%Wﬁ@séﬁs
6, characterized in that thegsector has concave
curvature W 2007/ 006397 PCTI EP2006/ 005846 18 in the
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17) . (:%,_1%he apparatus as clainmed in claim7,
characterized 5 in that the curvature of the sector is
matched to the frequency range covered by the
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anot her. 15 10. The apparatus as clainmed in claim?9,
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t hat Sectors are provided on the plate (18), each

forman antenna (111), and are rotated 25 through a

1A r cunf errént bepatgbeast cBDifnad tth cesipedt . cheraomerized

anotierenat the plate (18) is arranged on the vehicle (10)
such’' that, of the main lobe directions (12) of the
antennas’ (111 to 114) formed from the sectors, one
points ahead, one astern, one to starboard and one to

20 port.

11. The apparatus as claimed in one of claims 5 to 10,
characterized in that two sectors are provided on the
plate::(18), each form an antenna (111), and are rotated
25 through a clrcumferential angle of 90° with respect. to

one another.



