Met hod and Device for Determ ning Target Paraneters The invention

relates to a method for determ ning target paraneters by

directionally selective reception 5 of sound waves
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that can be specified. Depending on the current scenario,
respect ive soliEomdet ernmined as the best solution, i.e.

t he
t he
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2012/ 143349- 2 - PCT/ EP2012/ 056992 opti m zed sol uti on, converges

sooner or later with the a%tuaL cor%ect sol uti on.
In order to determine the

range, course and speed of a

target, e.g. of a surface ship, submarine or underwater

running body, as target parameters, sound waves emitted

20 or transmitted by the target are received with the

sonar receiving antenna and the bearing angle to the

target is measured. The target parameters of the target

are estimated from time-successively measured bearing

angles and the carrier vehicle’s own positions
25 corresponding to said bearing angles. Here it is
assumed that the target is moving uniformly, i.e. with

constant course and constant speed.

In DE 34 46 658 C2 e.g. a filter arrangement for

30 determining target parameters is disclosed.

The

respective measured bearing angle 1is compared with the

estimated bearing angles there and a bearing

angle

difference. is formed. On achieving the minimum, the

estimated bearing angle corresponds to the true bearing

35 angle up to a residual error. Said residual error 1is

dependent on a threshold that «can be
Depending on the current scenario, the

solution determined as the best solution,

specified.
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DE 10 2008 030 053 Al shows a nethod for passively 5 determ ning
target paraneters for which, in addition to the optim zed sol ution,
the reliability of said solution is indicated. For_this [ 9
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and a quality neasure for each of said assuned target 10 tracks. are
cal cul ated. A conclusion can be drawn regarding the reliabilijt 0{,1
the optini z&PEEFEIOSI oM the BPRYFFBEEI SACBFTt K& HiGh yW%%/sE g.
DE 101 29 726 +Q2 1shows-cadmeidiad ifwr. determ ning target 15 paraneters
wi th which the received sound waves are subjected to a frequency
anal ysis. The neasured receiving frequency together with the neasured
bearing anglpe f oo ne2ddfe basi 0o e shoget adaratkesdi fatdi opasFarvgey

posi ti ong anda 1ransiy SsL.o. f neaueney. e tLed, 2001 thaganttied by
the tar g%t ?%ﬁe@f?ﬁ%‘?e?%eﬁf sti mat eedre%]efaé]?ng acn%Te‘associ ated with
sai d target tpesi tPRhsNAREdt heodedderat edt st | kEtéaPladéivvi if said
H)eqilenci E,stroq%ltlifdélngié r _qrﬂcidﬂl%ﬁ.izgagggfﬁﬂiagﬁsish@%b@a, f rcﬂwhemcyebyha
ppl er shift are determ ned. e i fferenc et ween_t
esti mat ed amd FrEESUrEd C‘ryégéi\ﬁn%“frr@qhte%c‘? sdbfgeffﬁ% géﬁaefoﬁg?ﬁ}é?
wi th the beamidng: aggkeidif ersences, fahi ehclar bse dratdverss tied estirgated
and neasured bearings, for determhning,th ar ters. ghLs
enabl es%lar gtertac%asr a?raerieer %%lcgse]tareég#'na% on&\)/\ﬁg? %ﬁ%ofheé%gr “E%r éehi I(gl e
itsel f havi ngdeodmageuvde. reliabidirpwscf hdthe hentaverticonSpsubased
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to claim1 and by nmeans of a device with the features of claim10.
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25 differences between the estimated and measured
receiving frequencies are then used together with the
bearing angle differences, which arise between the
estimated and measured bearings, for determining the
target parameters. This enables target parameter

30 determination without the carrier vehicle itself having

Lo maneuver.

It follows that the invention 1is based on the problem
of improving the method or the device for determining

35 target parameters.

The invention solves said problem by means of the

features of a method for determining target parameters



support values that exist at the tinme of the actual process cycle.
Here sources of support values can be various other sensor
measurenents, such as e.g. a radar neasurenent, an_activ

measur enent W 39451443 3%hgi ng 30 sonar { PRS) nEasBFgﬁgﬁgoéﬁépgﬁggﬁ

i ntercept detection and rangi ng sonar (IDRS) neasurenent. However,
the support values can also be derived fromtransnmtted data,, su Q as
e.g. from armcARrGHEN CC9 dehtifi eafen LSy SEEMS( AS)2 ?%ﬁ?%a?gtsig E
!lnk or froma torfeds I:mwherein RIS refers to a radio systemt hat

i nproves the safety and steering of the shipping traffic by neans of
an exchange of navigation and other data and wherein the data
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Support Va'%§§¥§990&ik§9rgﬁﬁga|H¥s5 bye@n opekat@hede. goetwedhe taem
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concei vabl e, dependi ng on techni cal
10 At least one support value is determined from a set of
possible support values by using a decision module and
is used to carry out the further method. A support
value 4is wunderstood here as a value for a target
parameter to be determined, from which it is assumed
15 that said value corresponds to the true value of the
target parameter. A support value can also be a value
from which at least one target parameter to De
determined can be derived, such as e.g. a radial speed
of the target, or other values of target parameters to
20 be determined depending on the waterborne vehicle or on
its technical capabilities, such as target range,
target course, target speed and/or target transmission

frequency, can be derived.

25 A set of  possible support values describes those
support values that exist at the time of the actual
process cycle. Here sources of support values can be
various other sensor measurements, such as e.g. a radar
measurement, an active measurement, a passive ranging

30 sonar - (PRS) measurement and/or an intercept detection
and ranging sonar (IDRS) measurement. However, the
support values can also be derived from transmitted
data, such as e.g. from an Automatic Identification
System (AIS), from data via a link or from a torpedo,

35 wherein AIS refers to a radio system that improves the
safety and steering of the shipping traffic by means of
an exchange of navigation and other data and wherein

the data originate via link from a networked operations



10 capability, to determ ne the transm ssion frequency of a target,
e.g. fromclassification results using a knowmn type of ship, and to
use the sane as a possi ble support value for carrying out the nethod
accordi ng t ot R@1RAVEABHEN. 15 Taki ng-i At o account9%§v$%%&}zo%%6%ﬁz
sai d support values, one or nore target tracks are determned in a
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track is adyantageopshy determ.ped f ast ehe0fnvbnthene is a plurality
of evaluation quantities a nore accCurate statenent indication of the

reliability of the best 35 target track is enabled. WD 2012/143349-
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a range value. estimated by the operator using the periscope is |less
reliabl®>than an additional range val ue based on a radar neasurenent
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Value(s)mjt@%?%@%Cti%Q?ﬁﬁ@%%@%ed“§ﬁ9htiégbh with an  associated
20 evaluation quantity, wherein the evaluation guantity is
determined from the bearing angle difference associated

with each target track and the support value or the

support values.

25 An evaluation unit determines a best target track with
associated target parameters using the evaluation
quantity, wherein the associated target parameters are

output as the target parameters to be determined.

30 By the use of support values during the determination
of the evaluation quantities, a best target track is
advantageously determined faster or 1if there is a
plurality of evaluation gquantities a more accurate
statement indication of the reliability of the best

35 target track is enabled.

In a preferred embodiment of the invention, data

relating to the possible support values are collected



factor(s),which are taken into account during inplenentationofthe
met hodaccording to the invention. 25 In another preferred enbodi nent

of the invention the eval uation quantity of a target I
cal cul at ed MPoROLRE 143348 t he, especi‘a?él y advant aﬁ‘éﬁz’é%%%?%?%%?
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The data relating to the possible support values that
are currently available are transmitted with the data
relating to their reliability to a decision module.

20 This advantageously determines therefrom the support
value (s) with respective associated weighting
factor(s), which are taken into account during
implementation of the method according to the
invention.

25
Tn another preferred embodiment of the invention the
evaluation quantity of a target track is calculated
from  the sum of the, especially advantageously
weighted, [squares of the differences for the assumed

30 bearing angle along the target track and the associated
measured bearing angle taking into account at least
one, especially advantageously weighted, support value.
The evaluation quantity can then be given by the
following formula for the exemplary assumption of the

35 use of a range support value:

" i i
Qi j) = Z Wkg [Bmeas,k - Bestik]z + WRZ[Hsup - Hesz‘]g
k=1



25 estimated val ue. Likew se the use of a [
ed . plurality of support val ues
for determning the target paraneters is also possible. The

previously nentioned fornmula for the eval uation 30 ti i
expanded by W9 201253148 34ber of terns, && tha’? fo?ggzgﬁbéﬁﬁzg?g%gby

val ue used a termconsisting of weighting factors and the difference
of the support value and the estimted value is taken into account.
35 According to another preferred embodinent of the invention the
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the target afsmcgstsnppedtf romudeweshi meteeriairegbt tpBsi tiorprence T
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frequency Those target tracks % (i, J) whose targeg ranées at time

T lie close to the range support value Rsy thus achieve

15 a better evaluation quantity Q(i, J).

The invention is, however, not limited to the use of a
range support value. Rather, other support values can
be converted according to previously mentioned formulas
20 by taking into account, during the calculation of the
evaluation guantaity, a term consisting of an,
especially squared, weighting factor associated with
the support value as well as an, especially squared,

difference of the support value and the associated

25 estimated value.

I,ikewise the use of a plurality of support values for
determining the target parameters is also possible. The
previously mentioned formula for the evaluation
30 gquantity is hereby expanded by a suitable number of
terms, so that for each support value used a term
consisting of weighting factors and the difference of

the support value and the estimated value is taken into

account.

35
According to another preferred embodiment of the

invention the sound signals received and directionally

selectively processed by the direction generator are



20 shifted according to the estimted Doppler shift and fornms the
estimated Doppl er frequency or the estimted receiving frequency from

whi ch the neasured receiving frequency is derived. _Th I
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25 the estimated Doppler frequency. The true transm ssion frequency
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the frequendiradiddrariemces Bede at theastreaEeaayportt vatiue, L88pkci 8Py

a support valye.of, it he; (L ansmsgsslomiheequancynof rébeivangetreqWdncy
2012/ 143349- "8 - PCT/ EP2012/ 056992 Taki g&)i i_nto agc%unt tn@% Wit
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transmi ssi of 9% equEREPGI tfe PBPPERF SHFE hadt ASISIVERt age 8 h&ta
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possi bi Pty RFF A1 agitb%%ﬁor\}al lE}gr .o(r)tht em%?%nsnc?ssifoﬁuf r,ejdesency
of the target,pbecauseyinft bpsctasd tiiectr dimghi 3k3onPEr 6GURARSc4Rhe

determi ned better as anayhes, {al et paranet ey vimanst edqidiecil0for
nmet hod according to the invention. In another preferred enbodi nent of

the inventi Rcirgaiisac$rdcessi ng cycl e of a series of successive
processi ngcycl es, t heeval uati onquantityis 15 iteratively mnim zed

t aki i nt t at | t t .val t
Lrack. Bor thi SN BosE pestthofis T oroThECt A oot “Bre el Sl ated ond

esti mat ed bearimgniangt®s laye deter hknedtt heref r mtdraterng freem &ke

initial position of {he e LSh 40tk$nménda Landemiyneseleesteddas
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on-board sermsot s esTHEatesheber¥oNAeaMUF B bedrd ng tandt e & e Gothared

with the eStﬂhﬂ?é.edﬂ@@aégﬂgméegheﬁraﬁgmasb@ahi mg eanghe ydiifsf ehenpericy
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formed, which forns the 25 evaluation quantity takjng.into u
the suppért %faltiecd whiceR&va%at ? ort a‘:ﬁfgf‘?}a?%di {8 & tlle\r%el 3&‘5?9 A
mni m zed. Theragvantage tiismatrhat mprdchi efieguehey nbhi M tesg imated
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dependent onfzedieeshol dsval derthad- cafhse spekirpread T W“%/irﬁs&on
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eval uati on quan |Ty_ eads advant ageousl\}/ 0 a {‘ggt%ﬁ:u%oncvreafrgsenﬁcsesign
t he nmet Rod. the estimated Doppler frequency.

frequency of the target can be determined from the

difference of the measured receiving frequency and the

estimated Doppler frequency, since 1if said difference

is approximately =zero the measured receiving frequency

30 corresponds to the estimated Doppler frequency. The

underlying transmission frequency approximately

corresponds to the true transmission frequency and can

pe used for target position determination. The

evaluation quantity is then determined for one or a

35 plurality of target tracks from the bearing angle

differences, the frequency differences and at least one

support value, especially a support value of the

transmission frequency of the target.



35 In another preferred enbodi ment of the invention a plurality of
dlffe_rentdta_rgﬁt t][acks are determ ned, wherein a first |ocating beam
associated with a first WO 2012/143349- 9 -PCT/EP2012/0

neasured, bd® A BAB4S wel | as a last 1ocati ngPsgﬁﬁﬁggggéPQF%Z

with a last nmeasured bearing angle are determ ned. The assumed target
tracks thus start on the first |ocating beamat a starting point and
end on the 5 last locating beamat an end point. The di stances of the

assuned startjng,PoiRts Qlkcend poind stiaasmeashont atfecqurrtdye 41 r sheor
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angl es, asure eafl’i ng angfes an altl east one support_val ue.
15 Using saithcevalasstion iguantdfty usdigest® t &GO aé’l@lglg?n Ber tfe
advant ageouséﬂag%%i%@ﬂ&?dfr@@@@ﬁc ssgCi @edthagge] PRENRLer natdis
output as the best solution. The best target track is ther%l‘% t.hat
target trackaffose v al blar PRt FTamt i t§r?ﬁ‘g?%%¥escgnbe§)? qas ey 5P

Ej'h?f 20 best {assibl esrebhabhkit ytaDetter maniang t@mpl byalmegnof of the
iffereny target tracks gives t advant ag. hat fromthe

distri _bijjbl oﬁ“egﬁ‘%q & eVl Ud ztno gﬁlaen?ﬁqq%rg%%crf'usi ons are possible
regarding 25 the reliability of the best solution, wherein the

g;s: LLbELLSO’Er of Va%rf}ﬁtér?és’zg’" “%%%ge?‘éﬁﬁém Lh¥oismagdvansageeus! y innkhuenaed
. . . 'ng to anot her advant agequs enbodi. nent
of the 30 i renitiBreaehl PreRe§E I Par G¥C1Er &k at & takeR i AU “aEEaUNt
for determ pingdde dqar getypasaret etse whoseaassotoat edgewakdayi onis
quantltXShasrgéggé?kﬁz%LQ%&gEmized taking into account at least one
support value of at least one target track. For this
purpose, positions for the target are calculated and
estimated bearing angles are determined therefrom
starting from an initial position of the target, which
20 1is e.g. randomly selected as the starting position on a
first locating beam or is known by other on-board
sensors. The respective measured bearing angles are
compared with the estimated bearing angles and a
bearing angle difference is formed, which forms the
25 evaluation gquantity taking dinto account the support
value, which evaluation quantity is iteratively
minimized. The advantage is that on achieving the
minimum the estimated bearing angle corresponds to the
true bearing angle apart from a residual error. The
30 residual error is advantageously dependent on a
threshold value that can be specified. Taking into
account at least‘ one support value for ‘iteratively
minimizing the evaluation quantity leads advantageously
to a faster convergence of the method.
35
In another preferred embodiment of the invention a
plurality of different target tracks are determined,

wherein a first locating beam associated with a first



| east one predetermned threshold value. Only said target tracks are
rel evant as potential solutions. By 35 the use of one or a plurality

of support val ues when determ ning the evaluation quantity, the
number of tafy&0k2/4d4334fhose eval uatiorP quantity %gg/ggpféa/ow%

2012/ 143349- 10 - PCT/ EP2012/ 056992 bel ow the threshold value is

advant ageously limted further. In another enbodinent of the

i nvention, dwrdny shdred Processingasyeied it RS tar frtt paPafei e sPER™

all or a pluralddiysfg t he diar get tF-ackmealse rgiiaphieealihy diaspliayedren

di spl ay device using one or a plurality of diagrans, of al it

i nf or mat i on HEGVEEFF o the? eV dl Tt Ford Guant 1 ¢S r eM&P | %gaft %Hethe

garﬁet gpurﬁﬂﬁﬁlE%ﬁﬂéﬁiﬁ@ebéamget speed randigorpdine tarded¢ndangethe
uch a displ.ay enabl es. an accurate read-Qqu t he t ers

for a se%’ect tqug???g/lril%dl &afli 6. aélspéej%(?a%’f’gi‘ﬁy Se#%%??%{’%ﬁ?g?ggt%
par anet er, alte t asgemeparsinet eisg apoocitat edr wierld sapénEsl uiidh €aflbe

15 di ;pl ayeqjth rehy, t he.;oper atprocan gjrrec'g_!agtdet Qg%ﬁgn@het hebma
solution is probable or not. In another enbodi nent of the inyenti

_ ‘ ion,
during each gstiseessiany chcl e HetefBitar get "fosi tAGHE %1Y t he®t ar gEBeZO
?rte det ter m Q?cgglq_r%@ﬂorpr o gHjHeaJ idws 1efattibe t afugett ittyackSheSaifdrst
uture targe sitions are determned fromthe t et r t

associ at8d v otrhetbreezlﬁesc i‘l\Fecattalrngget%ethk%ree preem%a]byﬁflg%Qe a%E:loseu'rse
a][ld ta(rjgfet speed, for a predetermined time period. The 25 advant age
of sai ut t et jthons. LS.t he,o 3 L Whi
possi bl e SO%CD'[% oeraé&f haeé)%?!t\%]%r?%r %/%i ?gildé %éargi@%gggghbéwagﬁg@ﬁggv €8
reliabl e theldfestmigidit i 0T s. tTaki gt At BeAcchant 188 | 39t gne the

support val ye advant ageously pievésesndhat tBesbusher sabp3dtpossible
perm ssible solutions is further Iimted A future expected area
represeﬁﬁin&%ﬂﬂgfﬁﬁ%ﬂefY%&fﬁ&lon quantity, a bpest targe rack can

be advantageously determined, whose associated target
parameters are output as the best solution. The best
target track is thereby that target track whose
evaluation quantity indicates a Dbest quality or the

20 best possible reliability.

Determining a plurality of different target tracks
gives the advantage that from the distribution of the
evaluation quantity conclusions are possible regarding
25 the reliability of the best solution, wherein the
distribution of the evaluation quantity is

advantageously influenced by the support value(s).

According to another advantageous embodiment of the
30 invention, only those target tracks are taken into
account for determining the target parameters whose
associated evaluation quantity has fallen below at
least one predetermined threshold value. Only said
target tracks are relevant as potential solutions. By
35 the use of one or a plurality of support values when
determining the evaluation quantity, the number of

target tracks whose evaluation guantity has fallen



positions, at |east one range solution space for indicating the
possi bl e solutions for the target range 35 and/or the best target

track are advantageously displayed graphically and/or nunericall n
a displ ay q@ﬁ(ﬁ9¥zﬂﬂﬂiﬁé%lay is preferably carriegcgdgpgﬁlgﬁggﬁéP%
of a positional display, especially a PPl display WD 2012/143349- 11

- PCT/ EP2012/ 056992 (Pl an Position indicator display). This has.the
advant age t fftlarhe thar géhrpaPanet ersl e beS dEtBPRTEF WS animited
optim zed bestrigplution can be graphically displayed directly in a
single display together with 5 the associated evaluation quantity
indicating a best quality, preferably in the usual position display,
in order to frackhitake téaebopenator aor kheg whtvént hensorbrr g ﬁ@cg

Comnocoy oiiei bR L, e venoRatise Lol e,
in detail usingaheaccempanyhng fisgweds. FhRaEke fidif esITEBPAFGILY
EhOM§ a S?h%m%ﬁﬁé§édLGHréﬁéﬁﬁbﬁfdéywté0@@&&@90@@885,auﬁﬂﬂgam@kghpfhe
caring of a ftagets Nas Peen. 963t ed A e O f S e, 891 "ok thE®:
evaluation quantity relating to the target course
10 and/or the target speed and/or the target range. Such a
display enables an accurate read-out of the target
parameters for a selected quality indication.
Especially by selecting a target parameter, all target
parameters associated with said solution can Dbe
15 displayed, whereby the operator can directly determine

whether a solution is probable or not.

In another embodiment of the invention, during each
processing cycle future target positions of the target
20 are determined for all or a plurality of the target
tracks. Said future target positions are determined
from the target parameters associated with the
respective target track, especially target course and
target speed, for a predetermined time period. The
25 advantage of said future target positions 1is that the
operator is shown which possible solutions the hitherto
available bearings allow and how reliable the best
solution is. Taking into account at least one support
value advantageously provides that the number of

30 possible permissible solutions is further limited.

A future expected area representing the future target
positions, at least one range solution space for
indicating the possible solutions for the target range
35 and/or the best target track are advantageously
displayed graphically and/or numerically on a display
device. The display is preferably carried out in the

form of a positional display, especially a PPI display



fig. 2 shows a scenario with a plurality of |ocating 20beans from a
carrier vehicle to a target, shows a schematic illustration of the

speed conponents for illustrating the determnatio f radi

speed, 25 i WiAMS33HSchematic il Fustration of gg&:dﬂgggggi/ﬁéw%
beans, using which the bearing of a target has been taken at
different points in time with a plurality of possible target tracks,
30 fig. 5 shoWsa bi’@éktéipﬁgrafrﬁcg)ld%aqqq us??%???lé?a rrgtthrfosdg:kﬁ?jsa B
device for delgididgthatgehparanpéer parametetsgsio oA Ceshowinhree
t wo- di nensi onal di agrans .faor 35i[lustratin qual it ai r
target pararbtiets 3hd P 2GES) 1453 9-5(1%1?%2% 1 /0588—%%}%&%%2%3\/\5
a position ididstaatd oniokcthe sob uki onispeee dshowayYi nteygshes ALED
On board.a wgterborne ;vehicl g, ,espechal IghSulmihnecadihbere besa
pl urali t§’ of "arrangement's of waterborne acoustic sensors,  especially
el ect r oacoustual g/ oprefesabsistic transdueér O ??ﬁlﬂgﬁ}ﬁte%n
arrangenent d.s,di sposed-€19:288 anki Bparaabtennakangeadhhsicte sbnele

wat er borne vehicle or as the base of a cylinder in 10 the bow of the
wat er bor ne v&hic¥e. Anot her arrangenent of waterborne acoustic
sensors can be towed behind the waterborne vehicle as a towed

ant enna. Receiver si,gnals of suc e,acqysli € 58060 LS idke
combi ned®t o $GFH g?ggﬁ%la refglu% o%h%%(%%gi%dogi recti orrllal
char act eri stfosn usieglapeidect i ohagenerat BELh R i 'Oe [N &= FEE Ver

system For é&%édﬂh’ér?@%%@@ﬂ%@@i ver &dgnal susd g Sureed danfemnying
group signals wth a transition tinme delay and/or a phase del ay
accor di ng 20ft@ ¥hei r IR shosttyencs:

15 fig. 1 shows a schematic illustration of two locating
beams, using which the bearing of a target has

been located at two different points in time,

fig. 2 shows a scenario with a plurality of locating

20 beams from a carrier vehicle to a target,

fig. 3 shows a schematic illustration of the speed
components for dillustrating the determination
of a radial speed,

25
fig. 4 shows a schematic illustration of two locating

beams, using which the bearing of a target has
been taken at different points in time with a
plurality of possible target tracks,
30
fig. 5 shows a block diagram for illustrating a method

and a device for determining target parameters,

figs. 6 A-C show three two-dimensional diagrams for
35 illustrating the quality against three

target parameters and



Depending on the time delay coefficients used, bearing angles are
associated wth the respective group signals, whose intensity val ues,

especially levels, are 25 determ ned. The intensit rofile. r l.t.l.ng
therefrom PpetdR/34339 | evel profilelZprovides %&%&FP&'&;Z@%%\%%PCI’I
represent neasured bearing angles to targets. Such a sonar receiver
system has an estimation filter 30 for determ ning target par n%t.ers
from the measur ed’ bedrdy andgtes! tien hél%‘éFEjé?Fl%gsc?ga 23 583‘”1 iSfis

of the carrier vehicdgdd seldwanth atideasd rome support value. Here
t he bearing angles are nmeasured fromthe carrier vehicle along its

path of notion to the target 35 while the target is noving at ‘
const ant spegg B8aadt ar gett coturse framald,i respeatget y posistiong o ca
second target, position.. T t f tiop Lhe carrder wehirglene
pref er abl%y consist s herfe gﬁu%%é@(%gz aggl ur a]f%l%/ of so-call ed Ei e/n

| egs, wher eiacamsE genstegoref er §SPCaasett i 66 TGRECESI & at 84/ OF

Iinear.nDEiF téaé%u%%&%mkfgngaﬁcégéfigﬁfMe?iQk@ngﬂwgégMdﬂtfnigment
appr oxi nat e a constan course an const an eed. 1 J.
schematic il1usei&aPPsRofe tdwo ?%cétiW%n@nggnﬁ? 08| negaqcv&‘n ?;E gw%fa

target beariyg i satocBbedeatchwoldi birersenttipoimise i aft emeylAnferstin
| ocating beam 2 rel at to a starti beay, i | ogati-en and it
gp ﬁag?y P%iakr%gw%ter%$f§% 9?5%9?@. a3l r B hRn,

10 especi-al | eam 4 rel ate o a final beari n%
| ocation carsf edavetbatna kavestpe mensens man ¢ dtPYeat Pfg hearkd e,

4 are respectively the {irstiorabast becatingeans used for
determ ning the target paraneters. They are determ ned automatically

or 15 manually by operator intervention. Wth the assunption that the
target rangeriseknown,gridies t argesucan vhaeebbeer fooodst hcdiderecart

positions 6 on the first |ocati beam 2 as wgl li kew.se dipL204
di fferent® podf¢i oﬂ%m]@lﬁﬁdthﬁol aggrf“ocgtrioﬁlg b\ggr%n ?%A p?lggsi ‘e a{tbar get
track Z(i, jgirscelsoakntbredctwhéseinsi ndérgi ar é]flé@tpl@rbr%?rtﬁrattr?ef
POSSIble pOS*E{QPﬁ @hgnggygg'fégeﬂ&Q@léﬁgtéﬁﬁanra@ﬁibn%@&goﬁéﬁﬁﬁé
(0] . .
receiver signals are summed to form group signals with
a transition time delay and/or a phase delay according

20 to their disposition.

Depending on the time delay coefficients used, bearing
angles are associated with the respective group
signals, whose intensity values, especially levels, are
25 determined. The intensity profile resulting therefrom,
especially the level profile, provides local maxima,

which represent measured bearing angles to targets.

Such a sonar receiver system has an estimation filter
30 for determining target parameters from the measured
bearing angles to the target, associated positions of
the carrier vehicle itself and at least one support
value. Here the bearing angles are measured from the
carrier vehicle along its path of motion to the target
35 while the target is moving at constant speed on a
target course from a first target position to a second
target position. The path of motion of the carrier

vehicle preferably consists here of one or a plurality



25 one of the possible positions 8 on the |ast |ocating beam 4. Fig.
2 shows a schematic illustration of a possible scenario with a
plurality of locating beans froma 30 carrier vehicle to a ta

Here the car¥®e?042nl€3249Ps travel ling Width an obsePrCW} QSQ}FFJ 6992
receiver systemon its path of notion 10 and records n bearl ngs to a
target at various known positions El - while the t et |s
movi ng on iteftapgeeliedckigen, 1F5J5fré5ﬁf35835 faprgtlgleé‘céﬁgnd‘ecfgé

via locating, beapsodleorlidnaldctteatta thaehthmbocahi,ng . beamnlwmmmms

exenpl ary enbodi nent  the n ocati ng be iS _specified as t

| ocating beari. Cd\?@?él?ﬁ%ﬁgﬁgmoﬁg- ﬁé%pEﬁf@f%f% CZ‘JlyAssuC%%ngtaﬁ1tt
orthogonal X-ducoershaatensyshenmsphose origin is the known position
Be at tlrge to - 0, an initial position of the target is determ ned

either 57randomy or from additional sensor neasurenments and is
sel ected as Fhe. sfardtiawy pasischemaxdc Yid lors e a4 s | ¥at ity Pedid

2. Starting from said,st %rstl'rf?gg Resi 1 o 9fgéhepkargely, ia L0 daargetat
position is estimatéd for the respectiye neasured beari ng ang%ﬁaﬁm
a

with the addit?ofi6fcestitmited Shebd EofBonént’'s WA ac?/y
target and apc assosi agcedaesgtﬁﬁteﬂgbe:adamgagangbeamsh i and alagd tatead.

A sum of vvel hted, s f barl 5, di e s, f
al ong sdi%d t @%?l?ﬁg QC §053 g‘%% r&neas%%g% %%ar%ldn a%ﬁgaq
B and the mmrm@edobeawng C@ﬂgll@dBeBIt afd ¢ slpterappvalty 10" e

mnimzed. T, e t .track 4 s de
appr oxi mat el §§%}§r25c5§5% f?teagls%sojm a?e%l%égkggge&ﬁ@& e IS, TR Brof

i mat ed t I
Best appr oxi hatel y. atitrigxpoResmeo vhAgdt iR b@&ftieﬁ@?&ﬁﬁ‘%g %‘éget 4 e

order to supporimiperkteratiae nhpem ziag:rofidde beatbngtangleéy Or

differences, at |east one s
15 “manually by opegggggtlxgerventlon

With the assumption that the target range is unknown,
the target can have been found in different positions 6
on the first locating beam 2 as well as likewise in

20 different positions 8 on the last locating beam 4.

A possible target track Z(i, j) is also entered,
wherein index i refers to one of the possible positions
6 on the first locating beam 2 and index J refers to

25 one of the possible positions 8 on the last locating

beam 4.

Fig. 2 shows a schematic illustration of a possible
scenario with a plurality of locating beams from a
30 carrier vehicle to a target. Here the carrier vehicle
is travelling with an observing sonar receiver system
on its path of motion 10 and records n bearings to a
target at various known positions E;, Ea, ..., En, while
the target is moving on its target track Z(i, j) from a
35 first locating beam 2 via locating beams 11, 12, 13
etc. to the nth locating beam. In this exemplary
embodiment the nth locating beam is specified as the

last locating beam 4.



25 is taken into account when i npl enenting the nethod so as to assi st
said nethod to a faster convergence. A support value is understood

here to nean a value that is assuned as correct and whi ch can ed
for target pP#RiZGHA HE3¥4Hination. E g. 14n—al ready WJM%&%d@S%igéi

parameter, such as e.g. a target range at a specified point in tineg,
a target speed, a target course or a target transm ssion frequency is
specified as a support value. However, any other variable from which

a conponent A&fudafgetaPositisydieter m-nat i eamdie 3% ahtsai nedosan
be used as a support val ue. . WO 2012/ 143349- 15at- P%‘IJ.’_mI%PZQ12/:05(5599%n
si gnal s and/%‘?"'%é hstPenknt <TGHAl sPAEtEFR ndd B3 t he Sperat or .’

However, becauseial | posearieti calfl ytiposgialoe tsupporde valyesedr e inber
al ways avai | abl & mlts‘\% NG F %rgm they 'ttﬁrogl%tl IS 108, detect ednbyc @l bng is
sensors, data recfa ng to possfb. e support values are col|ected in
a deci si on myligetedrhas itthecant Het He¥ ePAPAEACHhI%oh Sppdt t thaI desSare
currently avaidablgy Jdg, decision nodul e sel ects at |east one support
value 10 fromthe possible support values, which is taken into
account for carrying out the method according to the invention. The
sel ection i ssicartirefl odkoherseiby smeans mf predefimedf atger cehgstor a

manual | y \by .operator intecyention. LLional ly t degi.Si QR+
nodul e )éroovit es q;ne gg?’égﬁég’ sulp%or%geg’lq%lé%g) _ \%l%rh rggﬁecﬁ?\%g tive
wei ghti ng f actaors;edihiledrebrg espoaidet oBehe reliabi Fhey efdifaon of

respective sunpord: M@l 46-80d SREChEV 50 Whathextenir thee SUppget 20d
val ue is taken into account when i nplenent |ern?%1 he net had actcglordl ngsto
uatie

the inventi gi! FGrSIArgsichar St idre st er MFHEGh arf

quantity is getarmned far sthe oFsswnethidar gejud racko25b261 i np) afwdm
the bearing angle difference hetween the estimated an u -
bear i ngﬁénglcgis%ﬁﬁ C'stsak?ﬁgefioﬁf“g account 3?1?2§Satrg§%edcsfl}§%§r??gél dé,
e.g. a rangecssupport vatuemeasured bearing angle Bpeas and the

estimated bearing angle Best  and is iteratively
minimized. The best target track is determined if said
sum is zero or approximately zero, i.e. the associated
20 estimated bearing angle Bes:t approximately corresponds

to the true bearing angle Birye-

In order to support the iterative minimizing of the
bearing angle differences, at least one support value
25 is taken into account when implementing the method so
as to assist said method to a faster convergence. A
support value 1s understood here to mean a value that
is assumed as correct and which can be used for target
position determination. E.g. an already known target
30 parameter, such as e.g. a target range at a specified
point in time, a target speed, a target course or a
target transmission frequency is specified as a support
value. However, any other wvariable from which a
component for target position determination can be

35 obtained can be used as a support value.

Sources for support values to be used are other on-

board sensors for transmitting or receiving information



knl Here (i, j) refers to the evaluation quantity for an assuned
target track Z(i, j). The index k runs from1 through n, wherein n
gi ves the nunber of the bearing 35 angle along the target track. W.:

refers to welNQhR9hey343349s, Best,i, reflérs to t he B/ ERAUEF /D899

angl e of the kth locating beam which corresponds to the nmeasured
bearing angle Brneas, k. Furthernore, P.,," refers WO 2012/143349- 16
- PCT/ EP2012/ 9589905 t @@ T afgassuppert val e ! Reetee™RedasRUnede

range to the,targetr angioWR e ,a petghténgiiflactReor&t geaBlghpuwssdige a
schematic illustration of the speed conponents, V" .of the target
in an X-Y codfidiwat eVeyLtenttTha tar 8ﬁyﬁaévﬁé??b¥%gv%&§FFi§ngpot er e
with speed tawder elsh hbe dpeedt¥dcbgprildesenberassoeitat edlsyided to
conmponent. V. _in t X directio th S iat d co \%
h Che. v di TEETT R ® KAOHERG T ha= 0 Beat g angre Bo (ha specie s ton
conponent s \xodnte VyTbfst hé tcamgete adeteoniviesd edh i b o saPpaditalvadpesd

conmponent \H%Fg Mt M Vy -ash i Bh &y cos B If neasurenents for a
bearing B and the associated 15 radial speed Vrad of the target are

avail able, e.g. by nmeans of an active sonar system then an estinate
for Vrad canrhe detesnbnedolinom the cests nat eteyat ueseobupberspeedue

components Ve 9.V Y. Bh9YSeovatien;, VA esVearsh S8
account for carrying out the method according to the
invention. The selection 1s carried out here by means
of predefined algorithms or manually by operator
intervention.

15
Additionally the decision module provides the selected

support value(s) with respective weighting factors,
which correspond to the reliability of the respective
support value and specify to what extent the support
20 wvalue 1is taken into account when implementing the

method according to the invention.

For target parameter determination an evaluation
quantity is determined for the assumed target track
25 Z(i, §) from the bearing angle difference between the
estimated and measured bearing angles while taking into
account at least one support value, e.g. a range

support value Rgyp:

1T .
30 > Wi [Bmeas,k - Best.k]Q + Wi leup - Rest}z = Q1. J)
k=1

Here Q(i, J) refers to the evaluation quantity for an
assumed target track Z(i, Jj). The index k runs from 1
through n, wherein n gives the number of the bearing
35 angle along the target track. Wy refers to weighting
factors, Best,x refers to the estimated bearing angle of
the kth locating beam, which corresponds to the

measured bearing angle Bpeas,x. Furthermore, Rsyp refers



When deternmining the evaluation quantity a support value for the
radi al speed can be taken into account as foll ows: Sai d eval uation

quantity Qi, j) is iteratively reduced until it fails,belg
pr edef i ned GWQO%O1?M€334-HG 30 under | yi A¢ &sti mat ed sﬁqzll%#/iaosswgz
recogni zed as the target position and the associ ated target

paranmeters are determ ned. For the case where the reception signals
of the sonart35thecEpiEf Sy BPEMtarélsGhj Beteed®t & farsegpqﬁﬂ?r?gfan%e to

anal ysis, e.gneackpfat anal wsito of welpmanalysis, an estimated
target transm ssion frequency can be included as a

suppor t val ueduri ngt het ar get paranet er determ nation. A possible
transm ssi onrfgeqhenbywef et he tamgeteras ito 13 lve testtiivat ef dhearspeed

initial lue fr ur recept.i.o er dvassWn ;
nor mal v\egﬁi c?cém%%ggé , %r:‘a%%’wg{jyer(g%r ﬁtélevg%%% e. %\E%p&gl >e<r itﬁ%c{}gjil?éte
det er mi ned usyigemhe Tost i ratast beasi AgLanglte Beetlahdt Re PEFSt &g th

speed CONMPONgRL sq Jogelfiefe W t Phthepassunedcomprises the associated
speed component V. in the X direction and the associated

speed component Vy in the ¥ direction. Knowing the

10 bearing angle B, the speed components Vy and Vy of the

target are converted into a radial speed component Vryag:

V?ad7::§{X ~Sh3£3%*b@f’ﬁ€%§£3

If measurements for a bearing B and the associated
15 radial speed V., of the target are available, e.g. by
means of an active sonar system, then an estimate for
V,ag can be determined from the estimated values of the

speed components Vy and Vy using the above equation:
20 Viad.est = Vx est -SINB+Vy g5t -COS B

When determining the evaluation gquantity a support
value for the radial speed can be taken into account as
follows:

25 n

2 2 2 2 : .
2 fWk [Bmeasgk - Bes{,k} + Wyrad [Vrad - Vrad!est] = QU1, /)
k=1

Said evaluation quantity Q(i, Jj) is iteratively reduced
until it falls below a predefined error limit. The
30 underlying estimated position is recognized as the
target position and the associated target parameters

are determined.

For the case where the reception signals of the sonar
35 receiver system are subjected to a frequency analysis,
e.g. a Lofar analysis or a Demon analysis, an estimated

target transmission frequency can be included as a



10 transm ssion frequency of the target, an estinated Doppler
frequency Fest and a frequency difference of the reception frequency

Fmeas and the estinmated Doppler frequency F,st are_given

bearing angWe. 203 2¢d43340get par anet et %Iit‘erm’ nati%ﬁTZﬂP%{)/géﬁgggg%
quantity Qi, 1) is determned for the assuned target track Z(i, j)
fromthe bearing angle difference hetween the estimated and neasured
bearing anglse®pottie fragdecy dirFer8nce 5RE takFagIfht o akRbURT AL
| east 20 ong.sURRALktvalhue, e.g. a transm ssion frequency support
val ue: n [1/41k2[Brneas, k Best.R12 WF2. ki Fnreas. k F es 121+ WF2( Fsup

-FSest = k 25 A possible source of the transm ssion frequency support
value F'mi g edqssidblod asshhbnatsoonr gseloienwivt lofvhich the gedr get Was

recogni zed under a.certain_type of .shi nd et cific c
lines arg a ?oc?ﬁt%é Aeth 307t A té?lélélgéiEvg%?lﬁ% tﬁgegas%_v\%éégmﬁlﬁ@ Y
reception fregeendypnorf nacamsrys sirch F58guety? ofo ¥l t BeykELE sSPaken
into account,r the, evalyation,gyapi bty AQhopdiked sHieduces 35tunhihedt

fails below an error Iitmt. The underlying estipated position i
recogni zed &$1adt ditfet SpbETRFBA &G THE aagé%]ﬁ a‘g;‘*d 4 getthepa?%}r% s

are determ neded WO 20326143849- 18 0ogRENEP20121 056992 HFaki ngsswned

account_one or a plurality of support .va S to st ;
converg%‘ﬁcet&fa“tsﬁ‘ésﬁétoﬁlod%req,&g@grydi rcl)g:;6 tl(%Hgn g%?%%héti %g egéﬁﬁmated

_ ‘ | ar
enbodi ment  ebpihe x5 firetdethcac dediang to freaisivent #bhf ceepFar af | F%e of
different t%%%%Et&%%pk%rékﬁmgﬁgﬁr@kggd-and the estimated Doppler

frequency Fes: are given for each bearing angle.

15 For target parameter determination an evaluation
quantity Q(i, J) is determined for the assumed target
track Z(i, J) from the bearing angle difference between
the estimated and measured bearing angles, the
frequency difference and taking into account at least

20 one support value, e.g. a transmission frequency

support value:

n
; 2 2 2 ;o
Z [Wf {Bmeas,k ~Besti |+ Wﬁ_k [Fmeas,k - Festxk} ]“f‘ We (Fsup - FSest)z = Q7. j)
k=t

25
A possible source of the transmission frequency support
value Fsyp 1s e.g. a classification result, with which
the target was recognized under a certain type of ship

and target specific frequency lines are associlated with

30 the target.

EFven 1in the case where the reception frequency oOr
transmission frequency of the target 1is taken into
account, the evaluation quantity OQ(i, 3J) is reduced
35 until it falls below an error limit. The underlying
estimated position is recognized as a target position

and the associated target parameters are determined.



Fig. 4 shows a schematic illustration of a plurality of possible
target tracks Z(i, j). Two locating beans 2, 10 4, are illustrated,
using which the bearing to the target has been | ocat eg

di fferent pdonR9L2d 443349 For determini h§ The targbtt 5?%95}2?%6%92
plurality of positions 6 on the first |locating beam?2 and a plurality
of positions 8 on the last |ocating beam4 are selected. Said ort
posi tions tHaskieer r é85end2E6°FRE | ANEI &P or® f ipljréﬂlragc}g‘iyti Shs BFPP
possi bl e target,dd aGksiLHo fadstamhesgive dgegex iofr efher setthcal .posi ti on
6 on the first |locating beam 2 and index j refers to a position 8 on
the last |ocating beam4. 20 Preferably, those target tracks Z(i, j)
that rel at e pcdriessityl earscd Ut ¢ omst ave exémphatededopihgetheof ukbfier
course of the nethod. T an e. gyhe target J4racks whaseisekutbens
lead to osinﬁt&r?gor?cicé)ngﬁgqucm%ochqff wc%ul% col I de wi }M% ot her

obst r uct i onslitfd esteirppitmg detaftfias ksTose dedrgeti ntecacks z(i, j) can

al so be excluded whose associ ated target paraneters exceed a nmaxi mum
val ue that can be specified. 30 For each target track Z(i, ). e
remai ni ng soli-i dn Vprite, avCevaTuhti b}c‘up‘&]ﬂ%ﬁ%ﬂ?ﬂ Qflg 4 éhaé%%%n&nég
as describegahavg.e Prefgsabkyacasl v tihosg) t afget ltadkis\carlecaaked,
into account whose associated variable has .fall below- at . | east rqae
predet et Hi néd tﬁr‘fgshbfglﬁ r%g?éé, Lb%lc% sgﬁlt%r??’y ?ﬁ%se coul d” be _
consi dered asimgeltevant sbbati ohecatdfd 2012F 743349t fagent points A

- PCT/ EP2012/,056092, Fr om saj. g potent i@l c Rogst bherbarget st bagkard(iry

j), using the associated evaluation quantity 4(i 'tfij best .t ar get
track Zhest dfs geBétAPREd foroWhitéR ahl®val ustidn a%falafny %n%rggt &s

mexi mum achievahlie uabkt yposhakiorg 581 bho w@ecolastatldeedsinooneean 4

support val ue ensures that the solutions in VL Cinj t
suppor t 1val & ar 854FrER Y- ar %@f’d\/\é?og%%lnognssi ﬁ?“gg 5&§%g{3/\/%}¥%9%ev%ethe

accor di ng t artihe dinvent i m4br pb8icarngi gt orpsEhe Laet hed Ak c 6FACKG

to the inventjon for determmning.Lhe tasgel pay repes seidli pgoan the
arrangenent o 'wat ‘et bor ne- acoust| ¢ Sensor s 20, sound waves from

a
target are rigiosilvedoamdithebrainedepticon Siegnal st arer TohBi AedOCt¢O"
group signalg in @ directiandb genesator. 22 using transition time
del ays or phase delays. A neasurenent circuit 24 then determ nes
measur edbearing angle Brneas to a target. Depending on the technical
capabi | i ti espiofrdhey 20, wahesboraegeehitdleeksvar fiousi sothees refiate to

possi bl e support values are_concei_vabl e.. URREr e-her dhen
range to the“‘if%‘jrsgseltab]ceansﬁéuaje‘?re}rgma\r%d ?lnlr@orﬁanecti%%%\?’\ﬁh%htan =

associ at ed tdgergef efente, resighod s oRhaseadar fedburePehBr 4R tadtidres

measurenent, g pEri SEAPe ;2 JTEAZUKENENt Dys iMBans obnanlantiegsat edich
| aser rangefinder, a ﬁassi ve rangi ng sonar neasurenent, an iSrHierci%%t
and rangbng wohet nea hiﬂ(é?renl*’,lthec@gf‘?én GRE576F FHERESAULS PP

I denti fication, Syst emriddor madigae t ransdles r ety 13)nk,caavaidlas ebe
torpedo nEaigagﬂﬁﬂ;ilghose associated target parameters exceed a

maximum value that can be specified.

30 For each target track Z(i, J) of the remaining solution
space, an evaluation guantity Q(i, j) 1is determined as
described above. Preferably, only those target tracks
are taken into account whose associated variable has
fallen below at least one predetermined threshold

35 value, because only these could be considered as

relevant solutions.



30 active node or torpedo estimation or a manual input by the
peri scope operator. A support value for the speed can be obtai ned

e.g. froman estimate of the DEMON anal ysis, a passive rangi
sonar esti mice 201878@¥3369 data of the Au?o |dent i f?E'ﬁ?FB%Ogng&@%?gz
information transferred by Iink, available torpedo measurenent, radar
estimate Or a nmanual input by the periscope operator. A support

val ue for tHeosoussédcarrieentidble @erssrikilfedt#Fofta PSiVe rlangi hly

Chformat | on T aRsarT el by & Tinke % ornodo, 6otimt 66t adal -eati mal
tr in or pedo, esti mat e r adar I

or a manual GeApGt ésfa&)i)o%ietfi o éirfgtleer“gli‘et% Oprem]c%bea%pg}]%?%%w%es

The radi al speediofy thedtasget as:siupporéchabuebtan dwelelty. Taking

determ ned ysing an active, sopar_as r adi n
Doppl er ﬁea%@é’ne%??oﬁ taFang%%gi g?iief rasgﬂcfﬁieon%é; ggﬂggsﬁéﬁ%ﬂefaﬁ?

can be e.g. tder isceditfirom clmasshei varioatyesdl te 15 PR tdat al vel af fng
Lc the possihl nsq%r}%rgtr valiues 144 are recorded using a data
e a

acqui si ti on “nodul d passed to a decision nodule 28. Using data

collected via the avail abl e sources, the detection nodul e selects at

(Z:grlrgast on?jfgﬁpp?rghﬁalsu% 29evBECchidc® rticdken tat ahaccouwsntwhen for
ing ou e further process, The sel ion | ryd

separ at g@y 6r° ‘&adty pqalftge h%eBSFiHP%g dgﬁotrﬁgkgeggcftekggt %Ilrlgéei?ﬁs)%n For

Fur t her nor e dettherdedirgj on tiedul & 228 edet ePrirAEStEES -t heUSapfort vaflies

29 a respectipy ocj. at J i ng i W, ! t S |
account the arré:%né%r‘]%ﬁscy %? %H%%rﬁ \?fglégltes%hg. %‘%ﬂéﬁg? hgj(;(lgacﬁagg?ng
to the inventvers | hebndés FdFIBhe 2K nEEEE LB CuPRE I OFT t ﬁgcgﬁgil?ré

sol ution Sp%%%ﬂ@ﬂs are combined into group signals in a direction
15 generator 22 using transition time delays or phase
delays. A measurement circuit 24 then determines

measured bearing angle Bpess to a target.

Depending on the technical capabilities of the
20 waterborne vehicle, various sources of possible support
values are conceivable. A support value for the range

to the target can be determined in connection with an

assoclated time reference, e.qg. from a radar
measurement, an active measurement, a periscope
25 measurement by means of an integrated laser

rangefinder, a passive ranging sonar measurement, an
intercept and ranging sonar measurement, reception data
of the Auto Tdentification Systemn, information
transferred by link, available torpedo measurement in
30 active mode or torpedo estimation or a manual input by

the periscope operator.

A support value for the speed can be obtained e.g. from
an estimate of the DEMON analysis, a passive ranging
35 sonar estimate, reception data of the Auto
TIdentification System, information transferred by link,
available torpedo measurement, radar estimate or a

manual input by the periscope operator.



30 determning a plurality of target tracks Z(i, j) with associated
eval uation quantities i, j), and for another thing an iterative

nmet hod for determning a best solution. Preferably, both procedures
are carri edWouRO1LR/B43a1¥%I| . 1t is, howeVer, conce?@%b?%zgkézoéﬁ?%ZSS
one of the previously nentioned approaches to carrying out the nethod
is used in each case. WD 2012/143349- 21 -PCT/ EP2012/ 056992 For
inplementing the iterative nethod, a | east nean square nethod is
preferably wsed {88 ev81ubEr34 46558629t Bah dely.vess dbeebasted
solution in an iterative process. For th%@ purpose an as med %n{%éal
posi tion Xefr?g(ﬁ-@%ﬁ?%ﬁ%efaﬁﬁﬂ”%neﬁgéﬁ 87t aFGEP TP %%ﬁ,oj) ar e
determ ned npnta downstii®amtasgesystaek deternmanabnortnandfa3gassiyg

t he kno positions XE Y. Fr he e d i angl e

the esti i Sa bear THg SHG1 5 BREL 31 Re SuSSocr varue or “supeart 10
val ues 29 obnhaiunedsby Ptheidéonsicoglrobyl 6N28PeaA SEPRFUAPESATQTant ity
is determned for the assuned target track, which is transferred
together with the target track to the evaluation unit. The associ.ated
eval uation gbantiayiadr PSR i abl BREeFPYEATT ASMSIHRE val FHtion 2 ©e
quantity iscthen gempanedewi thsanyhreshaldt mad uescrhat ean be radial
specifiqg. | f the V%Iug falls gelowes%h% %hr%shold val ue, said target
track i 50 defPRBETEE %t RE BedPPPariel™fraék™Zbést 20 and is transferred
together with the target paraneters and the evaluation quantity to a
display unit 34. If the evaluation quantity or a variable derived
fromthe evaluation quantity does not fall below said 25 threshold
val ue, howeV¥er, FEnihes pieposEcarercer 15 vé mRiZat VohUsf €4 o°°
eval uation guant ijbyipesi trirem conpenents tand/ eesspeed conponents
associated wth said target track are adapted and transferred to the
t ar get tTack determination unit 30, which assumes another 30 t ar get
track basedTror theachanged nposid idre qonpoiiet ssanefor speeds 27 are
conponents. Tak'rggd' a9 geeoug E%ugggPEsY@HBﬁsm%%uﬁéssﬁgjt 2408 to

deci si on noddl& an -associ a uation quantity is determ ned
and transfeeredetbsine evedwke i @F -unPEisg. e hew COMREISbn V35 wih

the threshold.vakye.i s seaklied ouhel nqthecevahuahbanleni teddctsWait
2012/ 143349~ 22 -PCT/ EP2012/ 056992 The pr.ocess. descri bed gbove of the

i teratid® nlRPACZOAG GHPEIRE TevAl Ut ioh qUAHTT t3° or2of" a* Uari abfg""*
derived fromnithe cevalualy eumquans i fyritser gpeateds unthd¢ sheevaloe is
falls beIOM/the.tEreshold val ue .t h can he :

e ' d d on the
speci fi edandfhéas o@F&t&ﬁﬁﬁﬁﬁ§ﬁ¥%c‘?%%ﬁé% farget epencing

detected targets. Furthermore, the decision module 28

determines for the support values 29 a respective

25 associated weighting factor w, which takes into account

the reliability of the support value 29.

The method according to the invention includes for one
thing a calculation of the entire solution space by
30 determining a plurality of target tracks Z(i, 3J) with
associated evaluation quantities Q(i, j), and for
another thing an iterative method for determining a
best solution. Preferably, both procedures are carried
out in parallel. It is, however, conceivable that only
35 one of the previously mentioned approaches to carrying

out the method is used in each case.



transferred as the best target track Zbest to the display unit 34. 10
For the case in which the entire solution spaceis cal cul at ed, the
target track determnation unit 30 determnes a plurality of ta
tracks Z(i,Wp)20AR/a4884Pat ed eval uatiohl quantity ’@T/ET%/O %/056
determ ned for each target track Z(i, j) fromthe neasured bearing 15
angl es Bness, the estimted bearing angl es Best and the support

val ues 29 t Fansfenpkendénoime heldeci §E6R CABEUIES DA Thé doGASET d¥FA"

eval uation 's!@h%rézm@%ﬁ%ﬁmlge%r%f@%%tbltyar&@d trsaek oZby't ,DRME £ hihags @n
eval uati on Euantl ty indicating best quali t%lwgnd passes_sai d best

target 20 tfaeék Zh% fi@ltlF{@rc‘ﬁ splay ER0t HE! a88oct BE Ry T Ve
target paraﬁ@b@éSstogﬁhhethMBt@mﬁp@b@r&hltyssﬁm&drgemjﬂﬁﬁck§o§1¢loq)

whose eval ugtion qébe aq étj s 2V res({i]et[%g%é%/egrg oy pe

eval uation El'an¥‘it ow a ue t hat cah
speci fi ed. 25eThedd:|tsztrm1b1@ti| onl@f t e evdhumtisRiguantd t19es Q(?fa?’j

or the dist g%bg'ﬂnﬁﬂa%oﬁ vayi-able Lgselrrg@/egh; I’Qﬂb‘ﬁﬁ.l gogyah@agl @(@, YE
quantities rovi des i nformation about the rell&g}%llt%

n
speci fi ed b@gﬁmsdilhﬁl@ﬁas‘%e@t iREHHIDNANIEBF Erfreqleifcy® ANHIYST <§
to be provided fag tg}egpégvmgycsl ¥ynfrerdieoonedppabodivneEnte obrt hmmge@md

accor di n gégg%ﬁig ntlggabggge Cgpéhon éegn§£§n21T8&ui e 28, . an

t r ansduc®r freguendy anal ysis cifcuit™ 36
after the dervettibomnogeneratnerit?? 2% f atettehitsimel pose Here agssumed

reception frg?g% y%{? aswhﬁc%ea§%r%QaQQQe§@e@5 HPpphakh the

frequency Fe ‘earing angle is determ ned froman estj nat(?d
transmi ssi ohatgé(queWé@C]Eséslt ehict t 02 bratFamsttled Bye \gpSociate

2012/ 143349 23,5 PCTLEPZAARE0B6992r t he targelleThectakget fraok the
determ nation unit 30 determ nes . fromthe available nput Qﬁ{’gsﬁold
f requenty d?f’faéfléﬁé@nofq”tadbtWasb?e&@@ceiﬁ@%%? eabéncy F - heas

t he assunedvboppl enatr eguebey spesti fasdwel | as a bearing 5 angle

di fference between the neasured bearing angl es Bne,, and t he
estimated bearing angles Best. An eval uation ant| . J) is then
det er mi ned fior @a@hvmmﬁaﬂaﬁgéleltqvacﬁazél ClTl)egrf? tﬁélﬂﬁequ%%‘}

di fference %B? the tqea%r]é ng. anglee dif fer ence, baki ng: i duo agaahmzbgsbe
10 support va Ges 29, The deter mi natl on of the_ best tari_?et tr

Zbebt t#kesapFadé drieabyotist S t BOPRENBF eVithlls "Efbodt Nt s aﬁfﬁr&? Fh°

and the evaluation gquantity to a display unit 34.

If the evaluation quantity or a variable derived from
the evaluation quantity does not fall below said
25 threshold value, however, for the purpose of iterative
minimization of said evaluation quantity position
components and/or speed components associated with said
target track are adapted and transferred to the target
track determination unit 30, which assumes another
30 target track based on the changed position components
and/or speed components. Taking into account support
values 29 passed to the decision module 28, an
associated evaluation quantity is determined and
transferred to the evaluation unit 32. A new comparison
35 with the threshold value 1s carried out 1in the

evaluation unit 32.



however, not only the bearing an i i
_ r, t only _ gle difference are 15 included durin
iterative mnimzing taking account of the support values 29, but thg

frequency differences are also included. The t

que . : ar get r t

optim zed swbue0DR/248320 processed i 22 di spl ayglﬁﬁqff%?}rﬁe]r?e)(’)(fsosgrgzi ge
out put or display themnunerically and/or visually on a display

device 38. If the previously nentioned nethod d
. . O
plurality otheossbbbestdeqemibﬁdc@§Qmﬁ,Oq)?hqnhéﬁ%%ggﬁgggggﬁ§5$

track Zb"t with,assqci . . .
3552cLated 1 Har 08ka ki PRr Rt EFSa t sl ey
as the_targ@? p05|t|oﬁ onqﬁhe.dis%la§@%evice658é'I?gsﬁaage di a |
plurality ofrparg@metr@@%%qu4qnj)qqﬁqqfty 1is repeate8 V&L11@ the

associ at edeyah yat i paguantihdies4(ind ) are3hodet evailned, thhe pedsi de

target paraneters of the enti sol ution. e c di iTdhi
enabl es  hesBEspfa§dof £R taiggt p%?%ﬁg %?ggto ?%ﬁ€§%I;§E£?%ESé;?2L:
ISP

ways. The disphayeirsecexpkaihedbbeltowaugefigtFREE. 26:sA- Y
For the |Ilﬂstrag|on of a quality of the ?arggt paraﬁgigﬁgafibie >
det erm ned, Bﬁéf_éably t he above specified evaluation quantity Qi

j) is converted into WO 2012/143349- 24 -PCT/ EP2012/056992 an
inverse value that is also normalized to the range between 0 and 1

referred toin the followng as . a qualit asu Lock) |
Ei_epl acetd by FQr(ith¢) SaPR( QY Q(”?‘,lcjh) u%b oév.nggr%i 5523:1%%1_‘!% Sﬁ%@v‘ﬂr Ie3§S
i agrans, i p whiahtkhe quaki tyameasur er@tki , dpFersippbiPed 5@5Fns§o

the target range (see Fig. agai nst i i
68) and aga@ﬁ rﬁﬁgeFar%eﬁﬂggggd‘(seg§Ff%. f%gfg%géﬁgur§el(sqe.Flgn

associated evaluation quantity Q(i, 3) is determined
for each target track z(i, j) from the measured bearing
15 angles Bpeas, the estimated bearing angles Bestc and the
support values 29 transferred from the decision module
28. The downstream evaluation unit 32 determines a best
target track Zpests which has an evaluation gquantity
indicating best quality, and passes said best target
20 track Zpest to the display unit 34 with the associated
target parameters together with a plurality of target
tracks Z(i, 7j), whose evaluation quantity Q(i, J) or a
variable derived from the evaluation gquantity have
fallen below a threshold value that can be specified.
25 The distribution of the evaluation quantities Q(i, 3)
or the distribution of a variable derived from said
evaluation quantities Q(i, j) provides information

about the reliability of the specified best solution.

30 It is optional for a frequency analysis to be provided
for the previously mentioned embodiment of the method
according to the invention. The reception signals 21 of
the transducer assembly 20 are passed to a frequency
analysis circuit 36 after the direction generator 22

35 for this purpose. Here a reception frequency Freas is
measured and an assumed Doppler frequency Fest for the
bearing angle is determined from an estimated

transmission frequency Fsest emitted or transmitted Dby



The display of the quality nmeasure Q can be inproved by using
suitable coloring. For this purpose e.g. synbols for values of the

qual ity neasure Q greater than an upper value 40 are, shown i
first col orwo180834b8B34Por val ues of~ the quality Wsﬁiﬁ?eo@}(g%m a

second value 44 in a second color and synbols for values in an
internedi ate value range 42 in a third color. The nunber of val ue
ranges 40, #Re 4dajset howdver tajstell i HPed  8eERFBENARAPAer Y hhy 20
nunber of 2Q.valye,canges,meash Wit mulid f enpot associ at etkeplarcy is
al so possible. Figs. 6A-C show exenpl r%/ di agr am %Jiea%)r esent at.i onsanoJ
the sol uti ofi1§p&EBECE Ofhd e JIFERIVE t &?‘beéfat%poa{}a DY t 0°be
determ ned. tha thissmeasedmyldher defesniynari.onasf wehé tear getbearing

paranmeters a_speed,support value V8 a a : This
results in ﬁngg?y %ﬁ’f%w%%? ut}:)legrveéaﬁlgggh%or E“!Jtzahée se%eegg?gg%gFi ng@ﬁecs).
30 The di agBam iamdighe 6¥s shomsedi bdrt hed tawg 193 Ustr atBY HEHUTUrVes

two potenti gl solution ar eg§ fir thent afgetrfidrge aod EBiagh 68sshovs
an incom ng-course” and an out gol ng course, wherein boﬁ%.h ol utions are
apparent |y appeexi raeely % He shhelTSMchlan EFrltgevert i'SEY S 35
possi bl e if +the Gardigy yehiel eilfas ranskar tiaigirppsihton sanglue tofthe
approx. 0 degrees to the target. WD 2012/143349- 25

- PCT/ EPZ012FBBB9§3 i’—‘PgPe? 2ﬁovvs an alternative illustration of the
sol ution space fromFigs. 6A-C. The first | ocating beam 2 and the

| ast | ocati beam g | ot t iR 2 oS t] presem at,i.on, takes
especially EEEPIC%?eﬁgglrngastgLn%q{at ?gn.t@lﬁsi ng t hgg?%%gjett%t%r acksb Sgi 1), a
range sol ut pdrcspace 14 syl yt hieo | bEat PAG VBT PP dt%er ?%#%‘J’y
showi ng forygachetarggbrtragkyt oo diespliayedaagpessibkéetanget dfe
position for an initial range on the first locati @%kl%t%amach&ﬂlta of
possi bl ¥ t at§etupss; Ao Tor &8 FF nhay © r Bhge™oA e Tast °l ocat1 ng beam
4 with the respegipp@-assativatsed guakbiutty neasdrec@eficy jdifferences
Preferably, the range_soluti,on space 46 conprises an inner region in
a 15 first 66?0??5%385%1%3%& es a high quality, an outer region in
a second color, which indicates a low quality and a Legion in the

cent er indi%?EinQa Q@dhig?éﬂgﬂéféﬁ oUr t her My nid ddt woe utavgetare
position of 'the target is , , .

20 processed in a display unit 34 in order to output or
display them numerically and/or visually on a display
device 38. If the previously mentioned method does not
produce a plurality of possible target tracks Z(i, 3),
but only a best target track Zpest with associated target
25 parameters, these are displayed as the target position

on the display device 38.

If, however, a plurality of target tracks Z(i, J) with
associated evaluation quantities Q(i, 3) are
30 determined, the possible target parameters of the
entire solution space can be displayed. This enables
the display of the target parameters to take place in
various ways. The display 1is explained below using
Figs. 6 A-C and Fig. 7.
35
For the illustration of a quality of the target
parameters to De determined, preferably the above

specified evaluation quantity Q(i, 3) is converted into



20 determned for the target tracks Z(i, j), wherein the future
target position is determned fromthe target paraneters associ ated
with the respective target track for a predeterm ned {ine period
Sai d futureW@a2@é2/bé§3390ns are disp1é5bd’mﬁth trﬁ?%ﬁﬁﬁﬁﬁﬁﬁéﬁﬁég92
quality 25 indication Q (i, j) as the future expected region 48 in
t he solution space. Fig. 7 shows the presence of_ a potenti

reci procal eburs@egistudtd Bie é%@écﬂ&H%ﬁ%QHQ%F@Q%&%?%gtBO§%ﬁ(ﬁ?%ﬁ?
angl e of thg.eqrehero vahucl €, of-c3RpPreX. €odagr eeset cdnewiargets lan
this case the arrowheads of an a sociabzd cour sel/ speed vegtgédar%)
shown in th8UPGSFYi ofi$4THSE r at i'OWSf or &It t atlget ‘Tr ack&PZ{F ) Y
whose qual i py (rpasueRsnjd) ave, exceedeédwa 35 specified threshold,
e.g. CTQ%, j)>0.8. Many incom ng and out goi ng solutions can be seen
in Fig. 7. The best target track Zbest and a possible best reciprocal
course sol uFign.Zgdgeh aneweddiresl s8ishivRSi n Vectd¥CH ofhe TG Iy
I nto accounf,.ag PgeQ¥SHRp055 val usprevigdes qaihelativel yaragerowange
solution space for the speed. The |nconing and outgoin% sol tioQ%”in
the illustrasrentascordiing 3T MY 7ar 2FBel eFOPE fel PSepartt e
The differephgskgrthBe PRENtSrBOtobptbe iBeening.ahd) out goi ng

sol utions correspond to the two bell curves of the range sol ution
diagraﬁﬁbf Fig. 6A. 10 All features nentioned in the previously
nenti oned firpar elidedeni pif ohhei muehe tyl aigrsarmd @h ERe RSscFIPET 6

i ntroduction cansgggﬁsgtﬁpggﬂ?hgggyggFgély ahd al$Psi b@yose e.g.

conbi nati on"Wi t h er. Isclosure of the inventjon is thus
not |initedsyobphe I®we¥etiped r Elai M dombiMaRFons & rEsUres.

Rat her, all .gopbinati,eps of vieat unes are tmdie consideredsas dadng
been disclosed. _Cainms A nethod for determ. ning target par s. by
di r ect ilohal Fy™8el&ctilfe Y%&%ﬁ?i6ﬁ;o?h%oﬁﬁagaé¥egfaf E?cﬁ a?%ﬁgﬁ{t%ed
or transmttedoby avdangetid wiitth an aecandeneritor 2@ndof syabetBor er

acoustic sensors of. a sonar_receiver, sy f styibmai ed jbeak i ng
angl es (Besz?uﬁﬁiéﬂlaég d%%%ﬁ%ﬁ%é&é%%oﬁ%gg%iﬁ%?g%gpositiong of the

target, andcbeéaringThaglesnp&nsid®) vE) ufead@e@®@Soy 4One 4Fr an§eneht’

(20), wherejp a bearing angle.dif &S epaeeks deterad nednbetrwessert het
measur ed bearing angles (Bneas) and the estinmated beari.ng a glefOr
(Best) ,2&havacter iZeWas tRathatt¥ast GrETEUPPbr 2 AUE (20) Tt

determ ned frommacsebsefippessi bl e support val ues (27),

Figs. 6A-C show exemplary diagram representations of
the solution spaces of the respective target parameter
25 to be determined. In this case for the determination of
the target parameters a speed support value Vgyp WwWas
taken into account. This results in a very narrow

solution space for the speed (see Fig. 6C).

30 The diagram in Fig. 6A shows with the two illustrated
bell curves two potential solution areas for the target
range and Fig. 6B shows an incoming course and an
outgoing course, wherein both solutions are apparently
approximately the same. Such an arrangement 1is e.g.

35 ©possible if the carrier vehicle has a starting position

angle of approx. 0 degrees to the target.



one or a plurality of target tracks (Z(i, j)) are
determ nedw t hrespecti veassoci ated target paraneters and a respective

associ ated evaluation 20 quantity (Qi,_ j)), wherein the eva [0
quantity (P, 2P3%/14384Pernined from th%e bearing %Wé{fl?ép?(ﬁ]f% eﬁ#@éﬂq
associated wth the respective target track and the support val ue

(29) or the support values (29), 25a best target track (4,50 js
determ ned Wifh adsodisted t&F getlparafet BFs &%#Hﬁtfﬁélg@so&#at dde

evgl u?t i Ont guanti by, spheeeirrolhe iassoiratted Thar geatr parlaneteirsy drean
out put as e target paraneters tq .be determ ned. 30 2Th t ho S
W genm 0 gcogthad

claimed in ¢l aint 1, “¥harttler iP6F i h&ETat 4 r8f &ting o possi ble
support val pesit23) are ogbtestechitihat, speciebpeshiadld ysuppoat vallies

are avaid abl g f yantity of all support values, data relating to
the rel iéabi Hg?yég%}l?ﬁgyggési bl e support values (27) are coll ected,

the data regardi ng the possible support values (27) are WO

2012/ 143349y 28,- PCT/ ER2Q12/ 056992 transfierr ed Mirdy therdatan rejatd ng
totheir reliability to a decision nod IE i28), whi ch det er m.nes.
therefrom t he SGPpSIE VAT (2 W th r §p8‘@fcf%\?8‘l§§%oéyatsetbowmg
wei ghting faetoeschhatrgee 5Straken tiontoe adeguntyedura g d gl lenmerdatdton

o e T R IR TRod 2oy L S o) 8y rob A A
pbeam 2 and a possible target position for a final range
on the last locating beam 4 with the respective
associated quality measure Q* (i, J). Preferably, the
range solution space 46 comprises an inner region in a

15 first color, which indicates a high quality, an outer
region in a second color, which indicates a low quality

and a region in the center indicating a medium quality.

Furthermore, a future target position of the target is
20 determined for the target tracks 2(i, J), wherein the
future target position is determined from the target
parameters associated with the respective target track
for a predetermined time period. Said future target
positions are displayed with the associated quality
25 indication Q* (i, j) as the future expected region 48 in

the solution space.

Fig. 7 shows the presence of a potential reciprocal
course situation, especially for a starting position
30 angle of the carrier vehicle of approx. 0 degrees to
the target. In this «case the arrowheads of an
associated course/speed vector are shown in the
position illustration for all target tracks Z{i, 1)
whose quality measures Q* (i, ) have exceeded a
35 specified threshold, e.g. Q*(i, j)>0.8. Many incoming
and outgoing solutions can be seen in Fig. 7. The best
target track Zpest and a possible best reciprocal course

solution Zgegen are each also shown 1in vector form.



(Z(i, j))is calculated fromthe sumof the, especially weighted,
squares of differences of the estinmated bearing angles (Best) and the

associ at ed neasured bearing angles (B,,") along the t et 15trac
(Z, (i, j)) WAi RBLRAKARG4Pnto account at24 east one,F {kﬁ% é% ébé&

meighted support value (29). 4. The nethod as clainmed in any one of
t he preceding clainms, 20characterized in that reception signals (21)
of the arrangenent are subjected to ,a frequency analysis, especially

a Lofar analysigg Oﬁn%oD%HHdeEU&Sbﬁee@ngubb@rﬁr@@Q@@CWAQ pﬂo%f&&ﬂ
one spectral Ilne i.s 25det erm ned S t e rec g uen%)éd(F,h $)
2 % nef ?

for each bedri%fg2ngicdy '3 TEgtiefty" F?Peﬁﬁ? eception
frequency (Engeﬁ)n@ndaﬁ@ esitamteg Bepplterorfs equentiye (Febiysimation

deter mined Lo _each bearing, angl ¢, wharelacihe 30est imRled Pl te

frequenc (ﬁggfr n8etermn
different starting points 50 of the 1incoming and

outgoing solutions correspond to the two bell curves of

the range solution diagram of Fig. 6A.

10 All features mentioned in the previously mentioned
figure description, in  the claims and in  the
description introduction can be used both individually
and also in any combination with each other. The
disclosure of the invention is thus not limited to the

15 described or claimed combinations of features. Rather,
all combinations of features are to be considered as

having been disclosed.



froman estimated transm ssion frequency (Fses) emtted by the target
and a Doppler shit, and t he eval uation quantity (Qi,
4)) is determned angle difference, the frequency for one or a
plurality oWOtaP&a¥1£BaéRs (Z(i, 5. THe method asPeT AR 24383 Dne
of the preceding clains, characterized in that during each processing
cycle of a series of successive processing cycles the evaluation
quantity (Qi, j)) or a variable derf¥@8$rom t he eval uation quantity
is iteratively mnimzed while taking into account at |east one
support value (29), and on reachjng the mninumthe tarlgaerrgeé(%rrasck 10(

Zbe s t )associ At eBRPA t KON M EVATat i i Sranti Ty Pt ovi des ¥ he
target paranetensreftibeabest solatiion 6ecFheinet ol asuchbaiwedsn

any one of the c| ai 1 15t hr.qu 4 ized.int ;
plurality of di ?’iné?gﬁf“rtearegmelttotte%{;c?(% %g%%g%g;é%rgydgt eé%%‘lgricd, with
wherein a firstahoeatiangebearn (2)0)assbciatedb@irth & FAUsHt GredRUTLP

bearing angle apd 20 &, last.Locatingybeanm (4)-oassan ek da aidast
nmeasured bearing angle are determ ned and each ass d target, trac
starts on the ffrgtepocdirng bERAF2PTE ASEARITNY POiCAY ?G%Slr%tae
ends on the lastokoeabhpg Jreamd 4yaatedn end poiatinB)anghes (Breas)

10 measured by the arrangement (20), wherein a bearing
angle difference is determined between the measured
bearing angles (Bpeas) and the estimated Dbearing
angles (Best),
characterized in that

15 at least one support value (29) is determined from
a set of possible support values (27),
one or a plurality of target tracks (Z(i, J)) are
determined with respective associated target
parameters anc a respective associated evaluation

20 quantity (Q(i, 7j)), wherein the evaluation gquantity
(O(i, 1)) is determined from the bearing angle
difference associated with the respective target
track and the support value (29) or the support
values (29),

25 a best target track (Zpest) 1S determined with
associated target parameters using the associated
evaluation quantity, wherein the associated target
parameters are output as the target parameters to
be determined.

30

2. The method as claimed in claim 1,
characterized in that
data relating to possible support values (27) are
collected that specify which support values are

35 available from a quantity of all support values,
data relating to the reliability of the possible
support values (27) are collected, the data

regarding the possible support values (27) are



25 evaluation quantity (Qi, | i i i i
, J)) is determ ned taking into account
| east one support value (29) for each target track agd a best targe?t

track (ZbesO giving the best solution is det 1 i j

. I . erm ned_usi
eval uati on goapoigy2438€Ri, 1)) and rt§§hssociate&@ﬁﬁ%ﬁ%ﬁ§¥v6%6992
paraneters are output as the best solution. 7. The nethod as cl ai ned

in claim®6, characterized in that for determ ni
, ni n h
par amet ers onl yttrhnsée8Betlar gattt r atks (9@¢?])5éééEf%%ﬁg %?m§peir

account whose asgggggg g val.uat i i Bl xS feire

7 revalyation guantisdy (Qbbnl , h
bel ow at | east one presetgrnlned threshol d %af e.u 5&2 (12(faggﬁgf 30
_PCT/ EP2012/ 056092¢8MiTRE HBEREE A8 & MRt ond 'of e é??ins 3

through 7, charagtgeizedei Nathatidusd ngieagit iprocessitng scyghatt hiere

target parameters of all I i . ‘ i
1) ot €7 aphi CaRkS R, SBF Sy SH mst A G ap SRt e or -1

agai nst the targethsgeed and/ or against the tar i
_ et range on a d
devi ce (38) 10by neans of one or nore diagrans gf a quglity neanggay

(Q(i, j)) arising fromthe eval uati ity]
claimed in dane Ghet hetbbs rs @1f3ﬂﬁbgggﬂ%3gghtxjék'29' The method as

characterized in that
10 the evaluation quantity (Q(i, 3)) of a target track
(7 (i, J)) is calculated from the sum of the,
especially weighted, squares of differences of the
estimated bearing angles (Bes:) and the associated
measured bearing angles (Breas) along the target
15 track (Z(i, 3J)) while taking into account at least

one, especially weighted, support value (29).

4. The method as claimed in any one of the preceding
claims,
20 characterized in that
reception signals (21) of the arrangement are

subjected to .a frequency analysis, especially a
TLofar analysis or a Demon analysis, and the
frequency of at least one spectral line is
25 determined as the reception frequency (Fpeas) for
each bearing angle,
a frequency difference of the reception frequency
(Freas) and an estimated Doppler frequency (Fest) 1S
determined for each bearing angle, wherein the
30 estimated Doppler frequency (Fese) is determined
from an estimated transmission freguency {Fsest)
emitted by the target and a Doppler shift and
the evaluation quantity (Q(i, 3)) 1is determined
from the bearing angle difference, the frequency
35 differences and at least one support value (29,
especially a frequency support value (Fsup). for one

or a plurality of target tracks (Z(i, 3)).



characterized in that duringeachprocessingcyclefuturetarget positions
of the target are determined for all or a plurality of the target

tracks (Z(i, j)) and a 20 solution space containin |

target paraWet@ps2/WAB8ASconpri ses ap"f wure expectlgcal%}"?(’a &]?23)#69992
representing the future target positions, at |east one range sol ution
space (46) for indicating the possible solutions for the target,K range
and/ or 25t h&besthar getthoaclqZbest } MFadilSplediied 'yt aBhi ¢l Y nd i
nunmerically on a;digplay device (38). 10. A device for determ ning

target paraneters by 30 directionally selective reception of sound
waves, which arélarpetegdérdt Fﬁn%ﬁ?fted by a tar get,pvvith an

arrangement (20)uef nyat esbor neomeoustig sengols obfa sonareriesei v

system wherein the device is_desi SO det ' [
bearing B35 angl 88°FBasEY St ro%ré)scteisr%gﬁg’d posi tllte%ns oti‘qr{étnhgeﬁt)‘g%%he%@ﬁg

bearing angl es (Baess)ynmedsuredi by aeams iridelar F&AERENt 1CP0)t"And

e * v oldrTgbaet CiRigen et vasa:aeasurod seaning angl e

_ ‘ , 2
andest i mat edbeatphigafgl £3F BestJea be et reﬁisﬁed,onc?ha?%?célrfltze\éa%@e a
deci si on nodul e (628) that ds desiigneg sbeasihamub détcertrrgetattiaalst

one support value (29) froma set of pogssi S rt..val Yon @
target t%ack deft‘é?@ﬁfhat iaéﬁoﬁﬁ'iat%e(dSO)mP%at ?égdegﬂgﬁgg}mto %ﬁ%éﬁ%{%@en
one or a plural kuynot tyapgety itkeack$ie( Z@ELIGY Yoani e e eth | Mee pest
associated target,patapeters

6. The method as claimed in any one of the claims 1
15 through 4,
characterized in that
a plurality of different target tracks (Z(i, J))
are determined, wherein a first locating beam (2)
associated with a first measured bearing angle and
20 a last locating beam (4) associated with a last
measured bearing angle are determined and each
assumed target track starts on the first locating
beam (2) at a starting point (6) and ends on the
last locating beam (4) at an end point (8), the
25 evaluation quantity (Q(i, 1)) 1is determined taking
into account at least one support value (29) for
cach target track and a best target track (Zpest)

giving the best solution is determined using said

evaluation quantities (Q(1i, j)) and 1its associated
30 target parameters are output as the best solution.
7. The method as claimed in claim 6,

characterized in that

for determining the target parameters only those
35 target tracks (Z(i, J)) are taken into account

whose associated evaluation quantity (Q(i, Jj)) has

fallen below at least one predetermined threshold

value.



10 and a respective associ ated eval uation i i, ] i
_ _ ( quantity (Qi, j)), wherein
the evaluation quantity (Q, j)) can be determ ned fron1the)bearing

angle difference associated with each target track_an
val ue (29) WP 2R&2¢3A38#5%ar aneters usiHy the sup%ﬁﬁ{£%é§$3£§§%ﬁ§é
is designed so as to (Zeesc) with associ ated associ at ed evaluation’

guantity, wherein the associated target paranmeters can b i fi
e specified
as the target paraneters to be 20determ ned. 11. The devicepas

claimed in gl aim,10, neharact g5i zeth e dat a osi t |

( ( ] : ( ocaequibsi t tha nodaiest ha
i s designed so as to possible support values(27), conprise t
i ndi cati ons as £BT®HPEh’available froma quantity of all of

reliabilities oftnhbhacpesskbbein that
5 during each processing cycle the target parameters
of all or a plurality of the target tracks (Z(1i,
j)) are graphically displayed against the target
course and/or against the target speed and/or
against the target range on a display device (38)
10 by means of one or more diagrams of a quality

measure (Q*(i, 1)) arising from the evaluation

quantity (Q(i, 3)).

9. The method as claimed in one of the claims 6
15 through 7,
characterized in that
during each processing cycle future target
positions of the target are determined for all or a
plurality of the target tracks (Z(i, J)) and a
20 solution space containing the possible target
parameters, which comprises a future expected area
(48) representing the future target positions, at
least one range solution space (46) for indicating

the possible solutions for the target range and/or

25 the best target track (Zyest) s is displayed
graphically and/or numerically on a display device
(38).

10. A device for determining target parameters Dby

30 directionally selective reception of sound waves,
which are emitted or transmitted by a target, with

an arrangement (20) of waterborne acoustic sensors

of a sonar receiver system, wherein the device 1is
designed so as to determine estimated bearing

35 angles (Best) from estimated positions of the target
and bearing angles (Bpeas) measured by means of the
arrangement (20), and wherein a bearing angle

difference between measured bearing angles {Bueas)



30support values (27), another design of the decision nodule (28) so
3ithotﬁvagu?te tre data relating to the possible support values (27)
e data relating to their reliability so as to determ

suppor t vaIU@(gylgééégﬁﬁPth(a)respecriV%LagsociaIeRF%é%%ﬂé#géﬁ%éJBi
factor(s). 12. The device as clainmed in clainms 10 through 11, WO
2012/143349- 32 - PCT/ EP2012/ 056992 characterized by a frequency

anal ysi s circui én¢36)ethararsd dedigied o SUGIESt t HBerdceptidn PC
signals (21) of theraifrangenent to a frequency analysis, especially a
5 Lofar analysis or a Denon apalysis, wherein the frequency of at

| east one spect FAFTRFhBT¢4R%bBY det ermined as the reception frequency
gFreas) f?r at bga&ﬁfﬁﬁﬁnbemmﬁmgean@Be,1audesﬁgndﬁSXQﬂ?Qe@@e?Stﬁébk
eterm i on uni 0 _(30), s h afr c iff e e t
receptlgﬁ frequgﬁéﬁrTfP%eéﬁﬁ a%%sgn%%éii%% edggbﬁﬁﬁg% fggﬂﬁegggm(gﬁ )

for each bearingeangkepoas ibéederepsitieda s dizl 'the dstiHft edrack’

Doppl er frequengy. (Egshlcean beudel er thned from aniestmatieded o
15t ransm ssion frequency (Fs",) emtted _hy th

. t t d Do .
shift, as wel| @SCByULRe EV&l G&t Pok &Ity oo 5 B OppLEr
:)ﬁedgg:;_m ned f?;)o%igﬁf%dﬁpﬁcajji\ta/ afssbarigeked r aekgetZ(pargngtdrom
ing angl e ifference, the '
?PdvaFugrfﬁg?? Ive ?s?%§§%f§gcyegéié§{f@ﬁes%§gﬁkfﬂy

| east ore suppo

: especia requency support val ue
(F, up). (O(i, 3j)), wherein the evaluation quantity (Q(1,
3)) can be determined from the bearing angle

difference associated with each target track and
the support value (29) or the support values (29),
15 an evaluation unit (32) that 1is designed so as to
determine a best target track (Zpest) with associated
target parameters using the associated evaluation
guantity, wherein the associated target parameters
can be specified as the target parameters to be

20 determined.

11. The device as claimed in claim 10,

characterized by

a data acquisition module that is designed so as to
25 record data of possible support values (27,

wherein the data comprise indications as to which

support values are available from a quantity of all

support values,

a data acquisition of reliabilities of the possible
30 support values (27),

another design of the decision module (28) so as to

evaluate the data relating to the possible support

values (27) with the data relating to their

reliability so as to determine the support value(s)
35 (29) with (a) respective associated weighting

factor(s).

12. The device as claimed in claims 10 through 11,



13. The device as clained in clains 10 through 12, 25characterized by
a design of the target track determi nation unit (30) such that during
each processing cycle of a series of successive processi CYyC he
eval uati on EQaﬁPi%%%é???P)),or a variable ~ 30 deri%%%f%?éﬁ#%%hééEbé
eval uation quantity, can be iteratively mnimzed taking into account
at | east one support value (29) and on reaching the mninumthe
target paranet efsabRctheipedt P¥ol uti on, which is associated with the
mi ni mum eval uat j 0% rgu@Rhicty ,an3bGa Hec dediver ede) 14hathe sdewd cisgrasd
clainmed in clainms 10 through %%, chara%terized %%lsa d Hgn of tihe
target track deternPHREFGH uflf (367 C8ICH™ hat %X pi%urality of
different targetrtaagksefZ(ito |3) foanueacdetarai neds, weepechaa lyi rast

Iocatingabean1(€gfg§sqgﬁ§%ggggu N aafi5§&mpe%%gp%gi§Ibe@ﬁgggignghﬁg

and a | ast | ocating beam associated wth a last nmeasured bearing
angl e can be spécéfiiedcandoeact assafntd PRP getPAFEEK. canfe BR8pIed

such that it starts Qanthe ki ksl lRCatimeheanddnal arstarting at

point (6) and ends on the 10l ast |ocating beam (4) at an end point
(8), and that theagbaPliat PBAT4UENEIEyS(Q(i, j)) can be deterni ned
whil e taking into @ecopnt oat Leasttongesuppordk vdbterfi20ptfion eacht
target track an best target track . Q) Vi t sol ution
can be 15 deterﬁ?ﬁéd agfhg ggﬁ& efalﬁggi%%%ﬁ%gnf$§%§%gél, 43%,
wherein its assoetapedohargetupacanetiess) canchendispl PRl Pest
sol ution. 15. Tgﬁegﬁghg? agFnglnggrlneggﬁln%ggrggghaéﬁglgridﬁﬂ hye a,
display unit (3 at is designed so as to ragglcall di qulgp a
di spl ay devi ce @38?Fm60?ﬁngW€§6ﬁlBr6€€S§§ﬁjﬁaﬁﬂ D1 %Eﬂ%ﬁ%q ency
parameters of alk 0f a phuralidy ofeddignitrarget firpacksafZ(igs2bnggd
using a plurality of diagrans of a quality asur Q. rdd) 1 Sl ng
fromt evalua?FéﬂsﬁbﬁﬁgPPg%(é@P?n%Y) ggﬁfggf%#ﬁge&a;égﬁj%%u$§%ééﬂ
and/ or agai nst khe tabgpplspeediand/ or the target range, and/or 30to
determine futuretargef BB§IE§OQ§M9féO§lEQE98E quantity (Q(i, 3J))

being able to be determined for one or a plurality

of target tracks (Z2(i, J)) from the bearing angle
20 difference, the frequency differences and at least
one support value (29), especially a frequency

support value (Fsyup) -

13. The device as claimed in claims 10 through 12,

25 characterized by
a design of the target track determination unit

(30) such that during each processing cycle of a

series of successive processing cycles the
evaluation quantity (Q (1, 3) 0, or a variable
30 derived from the evaluation quantity, can be

iteratively minimized taking into account at least
one support value (29) and on reaching the minimum
the target parameters of the best solution, which

is associated with the minimum evaluation quantity,

35 can be delivered.

14 . The device as claimed in claims 10 through 12,

characterized by



for all or a plurality of target tracks (Z(i, j)) and to graphically
and/or nunerically display on a display device (38) a solution space
containing the possible target paraneters, which conprises an 35
expected ar¥@ 2283/%4pBd8enting the futii e target %é&hq?%ﬂﬂﬁ 0769%ast
one range sol ution space (46) for indicating the possible solutions

for the target range and/or the best target track (Zbest).
a design of the target track determination unit

(30) such that a plurality of different target
tracks (Z(i, 3j)) can be determined, wherein a first
locating beam (2) associated with a first measured
5 bearing angle and a last locating beam (4)
associated with a last measured bearing angle can
be specified and each assumed target track can be
displayed such that it starts on the first locating
beam (2) at a starting point (6) and ends on the
10 last locating beam (4) at an end point (8),
and that the evaluation quantity (Q(i, 3J)) can be
determined while taking into account at least one
support value (29) for each target track and a best
target track (Zpest) giving the best solution can be
15 determined using said evaluation quantity (Q(%,
7)), wherein its associated target parameters can

be displayed as the best solution.

15. The device as claimed in claim 14
20 characterized by
a display unit (34) that is designed so as to
gfaphically display on a display device (38),
during each processing cycle, the target parameters

of all or a plurality of the target tracks (Z (1,

25 3)) using a plurality of diagrams of a quality
measure (Q*(i, J)) arising from the evaluation
gquantity (Q(i, J)) against the target course

and/or against the target speed and/or the target
range, and/or

30 to determine future target positions of the target
for all or a plurality of target tracks (Z(i, J))
and to graphically and/or numerically display on a
display device (38) a solution space containing the
possible target parameters, which comprises an

35 expected area (48) representing the future target
positions, at least one range solution space (46)
for indicating the possible solutions for the

target range and/or the best target track (Zpest) -



