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DETERM NI NG A WATER CRAFT' S OAN SPEED The i nvention
relates to an apparatus for determning a water
craft's own speed by Dopplerlneasurenent of the
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10 claim1l. In the case of such so-called Doppler |ogs,
sound energy is transmtted at the transm ssion
frequency fs at an inclination angle a to the novenent
pl ane of the 15 water craft, is reflected fromthe
seabed or fromthe water, and the refl ected conponents
of the sound energy are received again, with their
frequency bei ng shifted through the so-call ed Doppler
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25 where c is the speed of sound in the water. If the
inclination angle o of the transmigsion 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 sound ¢ and the
insﬁallation of the antemma in the water craft becomes
Simpler, 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.



of the rotating field deternines whether the main |obe
direction, which is inclined with respect to the
novenent plane of the water craft, of the antenna is 10
directed ahead of the marine vessel or astern of the
mar iwte 2003%e0639%he transni ssion frequerRSE/ES2pE6/005846
defined, and is fixed, by the antenna design, that is
to say by the distance between the transducers that are
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to the sgﬁg e LS shlfi;,ed Ctihé'OQJugh t he sane phase angle
S

35 PO e

averiOSt h&"fieXt, with the phase angl e of
360 being split uniformy betvveen the staves. The
definittpe efsé herpbasekabadi ngpeleo Oef i (185 5t Ked 372),
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Hhgl B G HRET R A | DISETAPRERH 'O &Faflﬁ%uce:ﬁ S lé‘%?%‘%e% in
char aster &sd i cobfmishe Allat ofir thy wirkhsdespect whieht e
hori zontala plta%%uai h?‘n,sé}."v%iqgl 8Hc EPLISSIONhANEcher in the
tran?omwSSIyond?Qgci%oon) the D‘)ggl er logand and all the
transducers which are Jlocated at equal intervals one
25 behind the other in columng (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 1s shifted through the same phase angle
35 from one 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 freguency of the transmission signal and



5-The invention is based on thhe object of inproving an
apparatus of the type nentioned in the introduction,
such that its field of operation both with respect to
the type of waterway and the waterway conditions as 10
vel lwoagobheodsase of vehicle is expanded’CT\Aﬁt'WﬂﬁdrO@éﬁéé
vel ocity neasurenent being _e?sgr ed in each application.
According to the invention, tfhe object is achieved by
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transm ssion frequencies nmakes it possible t progu%e
an apgrerdiog WPt Khanineperiany n&hFaﬁgée‘F"r oht off lte ©

severd faandred aretceasn 1t hus nmaking it possible to

garry out precision measur ement from shal | ow wat ervvays
tTo deep wat erways. 35 I casgﬁ thqlelnrgzgl | naﬁé o
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can be matched to the respectively prevailing
conditions by selection of a different transmission
frequency. For example, it is possible to switch to a
high transmission frequency in shallow water, allowing
25 precise Doppler measurement even in shallow water. In
deeper waterways, a sufficiently great measurement
depth can Dbe achieved Dby switching to a low
transmigsion frequency, because of the reduced
attenuation of the sound waves. Overall, the capability
30 to switch between different transmission frequencies
makes it possible to produce an apparatus with an
operating range from one to several hundred meters,
thus making it ©possible to carry out precision
measurement from shallow waterways to deep waterways.
35 In all cases, the inclination angle of the main lobe
direction of the antenna with respect to the movement

plane of the water craft remains the same.



vessels as well as in submarines and snall aut ononously
5 operating underwater vehicles, so-called AW or
drones, which frequently travel at a relatively short

di stance fronthe seabed. In many water craft, Doppler

| ogsvaar@ongsoedd?y operated in paral |l el nuT/RPRODE/DBS5846
el ectroacoustic transmtting,and receiving devices 10
installed in the water craft, “’such as sonar syst ens.
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Accogdidid che eRsodidantageotit epbadhentacebrihey to the

invention, 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
a’mplifier, that is to say they are hard-wired to the

30 power amplifiers. Independently of the setting of the
transmission fregquency, only as many power amplifiers
are therefore required as the number of groups of
transducers operated in parallel 1in the antenna.
Despite the capability for transmission frequency

35 switching and the multiple emission of transmission
frequencies, only ‘a low level of power amplifier
complexity is therefore required in comparison to

conventional Doppler logs.



i nvention, the transducers are produced from a

pi ezoel ectric conposite material, so-called conposite,
5in which a multiplicity of ceramc elenents are
enbedded in a polynmer, with netallic surfaces naking
contyactowr rdoddeei r end faces. The ant emex/E8aR0GE 005846
produced at |ow cost fromthi.s_conposite material,
since all that is necessary to formits transducer is
10 to etch t he transducer el ectrodes out of the

met al | surfaces. The_ant ta Aathi gevayy,
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narrower strip width, and are arranged in rows, leaving

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

onto the plate plane.

According to one preferred embodiment of the invention,
30. a total of four sectors are provided on the plaée, each
form an antenna, and are offset through a
circumferential angle of 80° 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 1likewise 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



“this allows simnultaneous transm ssion and reception of”
sound waves in four main | obe directions offset through
90 with respect to one another. Wen, according to one
5 advant ageous enbodi nent of the invention, the plate
is VEY RR83600%PT he vehicle such that tHf&/FBaPOGHAGH8EL6
| obe directions point ahead,; astern, to port and to
starboard of the water craft, then this results in an
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transmission has the advantage that there is mno 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 Dby 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 other than four

of antennas on the plate, in which case the offset



ancle of c antennas in the circunferential direccion

is determ ned by the nunber of antennas. According to
one advant ageous enbodi nent of the 5 invention, the
antennas are designed identically in all sectors of

t he Wb @087 /FP639%| ectrode in the form ACHEPZPPE H0QFHI4Eh
has the greatest strip lengthy that is to say the

| ongest | ongitudinal edge, is arranged in the center.
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two outer electrodes. This results in a design with
so-cal |l ed nmechani cal shading in order to suppress
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fol | aydingd exhdimg.h reference to one exenplary 35
enbodi ment, which is illustrated in the drawing, in

whi ch: W/_ 2007/ 006397 PCT/ EP2006./0..05846 E . Figure

Ehows? a%%%e £9 R T OPRELY oBRTVGT HISAEPET | VIGHT a2CCur
vessetanivielrsalPoppl @re megn lobe direction, the individual

sectors according to one 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 a 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:



illustrated schematical l'y,  Figure 2 shows a plan view
of the antenna 5 configuration of the Doppler |og
shown in Figure 1, Figure 3 shows a section, in the

formof a detail, along the line Ill-111 in Figure 2,
i |1 usd reogdogehshat i cal |y, 10 Figure 4 BHU%S2808eRG384%
along the line IV-IVin Figye 2, illustrated :

schematically, Figure 5 shows a schematic
Il ustratdigQrein tdm@wboram ofda dedaj | inoftnhefdiar dof a

wiring of the trapsducersein ALANtGARA LODPOVRL: 1y,
anplifiers in the antenna Conflg.rlﬁlralla?.ﬁ shown in '

Figure 2, Figure 63H5WE* P &6PE"F0I°HHE  phase shading
of the trignsduzershown t he abbennaiskownt i nthei grrieria

20 Figure 7 shows @ trafheaifion tde ehassosdiagi neoofshddie
transducers in a nodified antenna wth twel ve '

transducers per trahSd#ee? “'group. 25 The surface |
vessel whiighres3i ldhessr at eds9arithe fHmde ACEEhetat i
detail in Figure lgaasian exespd ar yhe enboth nemtr-afiza in

general water craf g eguipned pLiby & cnDpRplenakog by

nmeans of which the Surface vessel "s own sE)ee .
Heasur ed Fdgeregt o FRPVST 2t REBHHIP thHe Watt8f. THe Bor1YV in
Doppl er 1 0g, whichrigperat esildnsthetsd-scakiedi Faiys
principl g;has an 4pfenna GoNgYEatin9hsddd®n, in the
illustrated 1n the form_of g gl a](r;quiv;:/hl nhglr ur e '21'1 of
which is attached ¥¥™ Ré Bof'fomor theVesdel Wit e
with an antenna pléee wangdedepar fit | @l £BLETHE sy SPRIRT
85 direction of theyuriace vessed. adhemant@hfidaguration
configuration 11 hs%sowﬁlo% fl;%u ngs 111, 112, 113 and
114, which are arrangéd ro eéd through 90 with .
respect tFjoome anotiews. aEdeRlgnttenn&he1Phede 190pHay £
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Figure 5,

20 Figure 7 shows a table for the phase shading of
the transducers in a modified antenna
with twelve transducers per transducer

group.

25 The surface vessel which is illustrated in the form of
a schematic detail in Figure 1 as an exemplary
embodiment of a general water craft is equipped with a
Doppler log by means of which the surface vessel’s own
speéd is measured over ground or through the water. The

30 Doppler log, 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 vessel 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 one another. Each antemna 111 to 114 has a
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polyphase generator with phase shading at one
25 transmission frequency. The transducers 13 in the
antermas 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 o, that is to say the inclination angle o of the
30 main lobe direction 12 with respect to the antenna
plane, 1is governed by the distance d between the
transgducers 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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25 embodiment has two ceramic elements 14 which are
arranged alongside one another (Figure 3), and a
different number of ceramic elements 14 (Figure 4)
arranged transversely with respect to them. The etching
process is carried out in such a way that rectangular

30 electrodes 16, 17 are created in the form of strips,
with a long strip length and a shorter strip width,
with longitudinal edges arranged in &a row O TOWS,
leaving a separating gap free. The longitudinal edges
are in 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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amplitude shading. This mechanical shading largely
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 antenna 111
30 to 114 is split into groups 20 with the same number of
transducers, that is to say with the game 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 embodiment of the antennas 111 to 114 with

twenty-four transducers 13; the transducers 13 are, by



35 parallel, so that the transducers 13 in each group

20 are fed wth the sane phase shifts. In the

descri bed exenplary enbodi nent of the antennas 111 to

114 with twenty-four transducers 13, the transducers
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between the transducers 13, the inclination angle o of
the main lobe direction 12 and the wavelength A of the

&

transmission frequency f;, in accordance with the known
equation:
25

_ o/ where A=<
CoS A= o d £’

.5

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 circuitry 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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transducers Nos. 1 to 6 each being fed phase-shifted
25  ‘through 60° with respect to one another. The circuitry
for this is illustrated in Figure 5. The possible
second transmission freguency 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
30 transducers Nos. 1 to 3 and the transducers Nos. 4 to 6
in each group 20 have their circuitry combined in each
case to form a subgroup 21 for operation of the antenna
111 to 114 at the second transmission frequency 2f..
The transducers Nos. 1 to 3 in the subgroup 21 are now
35 each fed with a phase shift of 2 x 60° = 120° wvia the
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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case to forma subgroup 21 for operation of the antenna
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frequencies. As shown in the table in Flg_ure 7, the
25 twelve transducers 13 in the groups 20 which are
operated in parallel are each fed with the freguency
f., each phase-shifted through 30° with respect to one
another. In order to emit the transmission frequency
2fs, two subgroups 21 of six transducers 13 each are
30 formed in each tramnsducer group 20, with  the
rransducers 13 in each subgroup 21 Dbeing fed with a
phase shift through 2 x 30° = 60° with respect to one
another. In order to emit the transmission frequency
3f., 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



30 fornmed in each transducer group 20, with the
transducers 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 transm ssion frequency
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vehicle body, so that the plate 18 is arranged parallel
to a plane which 1is covered by the Tongitudinal axis
95 and lateral axis of the underwater vehicle. In order to
suppress oxr to largely reduce sidelobes which occur
transversely with respect to the main lobe direction 12
of the antennas 111 to 114, the plate 18 is
mechanically curved, thus resulting in it having a
30 shape similar to a hollow mirror. The curvature 1is
chosen such that an optimum reduction in these side

lobes is achieved for all ©possible transmission

frequencies.



transversely with respect to the main |Iobe direction 12
of the antennas 111 to 114, the plate 18 is

mechani cally curved, thus resulting in it having a 30
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CLAIMS 1. An apparatus for determning a water craft's
(10) own speed by Doppl er nmeasurenent with at | east
one antenna (111 to 114) which is arranged on the
water 10 craft (10), conprises a multiplicity of

el ectroacoustic transducers (13.) which are arranged
in a row or rows at equateimicenyats and have a
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combined to form subgroups (21), which can be operated
25 in parallel and have the same numbers of transducers,
and such that, if the main lobe direction (12) of the
antenna (111 to 114) is not changed, the transducers
(13) in the groups (20) which are operated in parallel
are driven selectively at a first transmission
30 frequency (fs) and/or the transducers (13) in the
subgroups (21) which are operated in parallel are
driven at at least one second transmission freguency,
which is an integer multiple of the first transmission
frequency (fs), with the multiplication factor being
35 determined by the number of subgroups (21) which are

operated in parallel in each group (20).



35 determ ned, by the nunber of subgroups (21) which
are operated in parallel in each group (20). V70
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¥Ormed in a sector of a plate (18) conposed of
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apparatus as clained in claimb5, characterized in that

the stripyenghbh-ofud Ng SHGERSSIve ohertd oc@x%raeg&lzge?d)
in the rowd creases, V\g]r rting ﬁromth

2 ect? od&R{ 16 PAFE1D {Re b “o%tfgrme‘8 16% 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 gtrip length which is greater than the

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

30
6. The apparatus as 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 outerx

35 electrodes:

7. The apparatus as claimed 1in claim 5 or 6,

characterized in that the sector has concave curvature



35 electrodes. 7. The apparatus as clainmed in claim5
or 6, <characterized in that the sector has concave
curvature WA 2007. 1006397 PCT/ EP20. 06/ 005846 18 in
the direction of the strip length of the el ectrodes
(16,WOL2PO780063RY apparatus as cl ai med iBF/ERPRPE/005846
characterized 5 in that theygurvature of the sector is
mat ched to the frequency range covered by the

t r ansini 98l airetregquerfcités. s@rifhkerapparcdt ubeasletaionsd
in ong of,¢laims 5 to 8, 10 characterized in that four
sectors are provided on the plate (18), each form an
antenna (111 to 114), and are offset through a .
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anOtgggﬁect to one another.

15 10. The apparatus as claimed in claim 9, characterized
in that the plate (18) is arranged on the vehicle (10)
such that, of the main lobe directiomns (12) of the
anténnds {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 circumferential angle of 90° with respect. to

one another.



