Met hod and Device for Determ ning Target Paraneters The invention

relates to a nethod for determning target parameters bv
di rectional’ T ception 5_.qf. sound wav

mentioned i.. .... .. _......_ of claim1l and a correspondrng aevrice
according to the preanble of claim 10. For determ ning target
paraneters, e&petodl &pdf PeviGedswst \Re tereiningt Terdse BBFIMPESED on
sonar technol ogy are used for directionally selective reception of
sound waves. Here a sensor is understood to nmean a hydroacousti.c,
recei ving amttenna,"UAEIGIPT s I lsfGsed toh & cHPLPEF véRitcl €etErginang
surface ship Qg 15sHbnet&ng. phn ordert tohdeater sénect heer argeption

course and speed of a target

.g. of f
under wat 8r Mg bIRY < soiaf@%ttgﬁ?gﬂégé?%?egoﬁﬂd gy

ace shipt subnar i

reamp)
S em

Teedf20

or transmttadiby theidr getcarecsporiied wehidecheasonadingceivi ige
antenna and the bearing angle {p the target is neasured. The target

paraneters 6¥%¥W%’€érget are estimted fromtinme-successi

vel y

measured bearing angles and the carrier vehicle's own positions 25
correspondi ng,,t o sai d-ReAThHY anghes. heldindtdrs assuspdcifatyt heor

target is noving unif

ormy, ,
speed. A DRBEIE 65FVE Y2 H 971 t er SETANYenentSFor 36"
det er m ni ng dergeil ar anetrer s usedi sctfosed.dithetriespddty ve sreasuned

bearing angle is

a bearing arfgl€H S formed.

i.e. Wth constant course . and constant
sonar

430 fcfé-g S_Vo“uitnﬁ tne est hfg&%d bearjng. angl ﬁ%dg@@%?ggd

achi eving the m ni num

estimated bearingaangh e loohresporsi ¢ oreleiving beak¢nge 35 YEhidie &p
to aresidugl fIIQls I Lest Al vehlofe! Se dgbendsnt coneashiipeshokd

that can be specified. Depending on the current scenario,
respect ive soliEomdet ernmined as the best solution, i.e.

t he
t he

)

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.

respective

i.e.

the
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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 relial " ’ " dlution is indicated. For

during eac.. -. --—__..., -,zle a plural i"tf of differciii twiyer viueno
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&PEEFEIOFIFom the BPRYFIBEEI SACBFTt K& HiGh yW%%/sE g.
DE 101 29 72602 1shows-caxdmeidiad 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 ransiy Ssi.on.  neaueney. e tLed, 2001 thagaattied by
the tar g%t ?%ﬁe@f?ﬁ%‘?e?%eﬁf sti mat eedre%]efaé]?ng acn%Te‘associ ated with
sai d target thesi tPRhENAREdt heodedderat edt st | kaLéaPradéivvi 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?
with the beamidng: aggkeidif esences, fahi ehclar bse dretdverss tied estirgated
and neasured bearings, for determning,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 ngpdeodmageuvde. reliabidirowscf hdthe hentaverticonspsubased

on the problgnof. MW NG the 1Teihad Oryana tdeviee fier. det ermi ni ng
35 target paraneters. WD 2012/143349- 3 -PCT/EP2012/ 056992 according

to claim1 and by nmeans of a device with the features of claim10.

Fol | owi ng aprarget Tetegsi ap, sdotar getmguasid i tor | Sebeest himyedatget
each detected target and. esti.mat ed beari ng. .angl e h r.get _Ls
det er ni igd Raﬁggpgﬁésanallggdi W%’éggncgh?s %%%%@ecgersngltl%é% glgﬁj%éeng%he
measur ed ancugstEiaraided beariang Gngdresncil0 Anallgass . onelrippbeesvikde

i s determ ned froma s - POS S| PQit nval ies bys Bst Agpaar
deci si on rm%%lc’é:lgil{]d%i s%%@gcf%?cg?%t%? trjie further rr?at hod., Aa,rlrlq
support val gadle uhelerst 66¢ hWerelasod vEltetPsped t3aiget SpardfEter-to

be determ'dn%rqfeﬁorw\@i@hoﬁé ia%fdas§uﬁﬁﬁnéﬁlitshabnsaﬁ1€bm%ruey emitted
corresponds to the true val ue o e target paranmeter., A support
val ue cah al’%o t}eraél%%e%ro}fﬁ’v\hi%gﬁ at%ai%ga?gt oar%eeta&?%%%m%%?ghet &%t o

be deternm nedtcanthe deckvedg saohlas @sgochatredi alitgpesdiof theget
target, or oqt her,ﬁi\(/)%lsuesc,imi tark%‘et paLapeters t%@%npaecéiﬁt eggbgggi_ng

dependi ng oR the wat'erborne vehicle or on Its technical capabilitiés,
such as tar deteauange.est arget ! tougse r tar §oe syeeddmyl of TRAFHeFSL1On
transm ssi on frequency.p.can, bepderiyved. s@prA sgke of 4pessihbheasuppret
val ues describes those - _

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
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support values that exist at the tinme of the actual process cycle.
Here sources of support values can be various other sensor
nmeasurenent~ -~k ~~ ~ ~ 3 radar neasurenent, a

measurenent, < puce. oo . waiging 30 sondar Y PRS) NBAvui ciimiie wirwr w1 was
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 armcARIGHEN C9 dehtifi eafen LSy SEEMS( AS)2 ?%ﬁ?%a?gtsig E
!lnk or froma torfpeds I:wherein RIS refers to a radi o 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
ori gi nate vimllidkifg om ataetyaor kedtepeiati ons YADZEOL2/PPFIZ49N 418

-PCT/Englzéggggggxﬁ‘n%%%neggcﬁy%kﬁﬂ&hﬂa%hE%Q?EQe phatfey nmes+3RASEHS

and effeCtors as we as managenent systens of arned forces are

connect ed t dgetihiery | Analeortont haf Sertont ¢ e€RAGIEGY et vior REAT 119

Support Va'%§§¥§990&ik§9rgﬁﬁga|H¥s5 bye@N opekat@hede. goetwedhe taem
of estinmates o ranﬁgalcourse or(fgged by the periscope operator, can

be used for M HthGI AT r ditg e & e ThveitiSh. I1tal so

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
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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 possible support value for carr:in~ ot tha wmthag
according 1 n. 15 Taking~=i At 0 acCoUl. wi + cuor wie U
sai d support values, one or nore target tracks are determned in a
target track determ nation unit, each with associ ated target

par anet ers aadaeawhni t4y Hitfassociviied 2o evalaafPeRsquatixyys and

wher ei n t he gvaluatison squanti tis infrdgjerdrimed, Suam tde bersd ngopngt e
di fference associated with each target track and the support val ue or
t he support 2¥8l uesonECed ev HAUWRE G unitt det er MPABS a bggiof%?g%?n
track with asseebabed tiasgesrpar amppers usihges hepevalfiati onanually

gquantity erein the associ ated .t arget e tppt - as.d he
target para t@Psofﬁrﬁgcﬁété?ﬁ¥néﬁ% é%ﬁ%ﬁgﬁi§%§6 E@ﬁ%%ort Val Ue's

during the deteswi nat isweaf hhetkvabeals6APGUAREIEILES, Faedte t AFet

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-
5 - PCT/ EP20%2/ 056992 hyJreansnet iaadata acippeidiron nodul et Sahoidat a

speci fy which support values are available from. nt I
supportl@alGég?%AglﬁgscFFbe ’%%Hgé?et% e%gﬁgsyégfgﬁglggﬁ%%e§1 orThe

provi si on ok suppget,5 waluesft rddowenerss ifdtcadlilorsuggent. twal UESNEr e2
al ways avai | abl e. ntity of. possi S o] alues; ¢ E15€S-
the current §gg§aﬁ$g%1ggga%h%é'fﬁggy?%2q%%%n?§?y%%Pétﬁgﬁret?gglIy
possi bl e vabuesort0 vSdiug powsi bR Er EUpPoPH by anGe e ) &o-ording “to
advant ageoushy provihded, wi th data about their reliability. Thus e.g.
a range value. estimated by the operator using the periscope is |ess
reliabl®>than an additional range val ue based on a radar neasurenent
that has beegaklbgcanmnited eutoufhe dataleekatinget oofhespbdsi bheport

support values that are currently avai e transmtied M th the
dat a relatiNﬁingfhé?Far%figﬁfﬁiﬁﬁgf%ﬂgapé%?g%oﬁ nngﬁig. 50 Thi's
advant ageousky geet ermidles detierefineimithe wuigpor pach with associated

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
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factor(s),which are taken into account during inplenentationofthe

met hodaccording to the invention. 25 In another preferred enbodi nent
of the inv o “uation quantit%of a targnt tronl e
calculated .. _......_ __... _f the, especiraPly advant aycuusiy wei yin cu,
squares of the differences for the assuned 30 bearing angle along the

target track and the associ ated neasured bearin ngle taking into
account at beastedns, eSpeti &ty advdntagEoaEI ﬂ?/é‘ilg%t ed, ﬁgﬁgpoﬁg‘?ta

val ue. The %F@b%%%iOWhQQ%ntEh$p©&m t henube ghven byathebfel | bwbmg a
formula for

he exenpl ary assunption of _the_ 35 e of. a. ge ort
val Ue: - VIO SUE3F1493480 & LPCTHERS0 T2/ 686059 Here G b rarare th
t he eval uat itor rguantd tyaf osuansassoaed foar gée taaokl Z(dn ¢85 . sTReort

index k yvaries froml 5 through n, é{‘f‘freédbéibﬂtg the Jaunbercof athgys
measur ed bearar'ng angl’é Brn,,,t or estimated bearing angl e Best,
al ong the tanvgétlabriack. TWe r ebers ity t RE wWeP§REPhE f 3EPBPET WARCHSS

e.g. correspond Ladnvense standaid deviadions of vheueeasfired the
beari ng angl e Bneas, k 10 determn duri ngb&r e-fi.ltering. Rsup refers
to the rang&Usiiport Malhe At AesdciPLEEd i &t

ne reférence T and Rest
refers to the target range assuned at tine T. Those target tracks

Z(i, ) ose .target r es J i.e C et hge tang848HRROT
val ue Rﬁj\g %I"i‘d"éj a ﬂlsaeigy%SaS%geQ%}e{rmgéélhggti%ﬁéqﬁal%t?ittgd i, jg ) Thge/
i nvention i $rovowevenitiotddtian aleelt otherer usel biPhl Fangel Bppore- 2

val ue. Rath%%mdgrm¥ SUPPOLL + YAk Hes CBE be reonvgidet@ccotging t ohe
previ ously ment’ onedaforrml as 20 hy taki

, ng. i nto account,. dur.in
cal cul at i on b6 itsSF@Rév al fat + ¥R quEtiARe agpépm %rbnsaigéjtqitﬁgonoafl a%?BQS
especi al | y sguaredpasrigghtdnng &f aciaela ras seeisatrediewitt hthhé sbppor been

value as well as an, especially squared, difference of the support
val ue ahd t K& &s<$oeiCAtted

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
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25 estimated val ue. Likew se the use of a plurality of suppor

for determning the target parameters is aloso poss?/bl e. TE\E tovatues

previ ousl o ila for the evaluation 3 by

expanded ., « co..we. « .oaber of terns, &F that fo. cucn cuppor o

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 embodi nent of the invention the

sound signals received and directionally selectively processed by the

di rection generator are V\D£2012/ 143§49- 7 -PC‘[/. EP20 2

subj ect ed t 6% ¥ régliendy &TdIYsis;e BecPAPy 25 108 af ana 5i 52%r %8

Pe;“r/ne)gt ?Sa![ ggfu%rﬁﬁgdﬂrﬁm}i hee( Denpn. dhiat ysidexhk spghapsiape 1
or e_presence. an. itu ul ati n !

t he Lof a_g a(rj?ﬁryféji t he s‘?%%gl J'SISParne f‘%\r;gs}%él gg?g goréioﬁ:glﬁcggggﬁwg

f reouendi es beHeriendt henfiiequney oforat epEaBE L Bfe RGAECTAI APPRE | Best/x

determ ned as { rtﬁ%el gbggetregygagy figr acrespectd verkeawenghanghe

and together w th the measured bearing angle forms.the basig. of jthg

target 10 pdiareter estiifati on.d Her€ ﬁép%@é?sugé)d APEGasRc 85°6F%4

\Fﬂa%al [ ]Ey Ofdﬁ-:-'iﬁ(%ﬁiircﬁds_ | i Bes came al seabereorbi hedrand f gmmlreasBred «

Doppl o Lhi (A i 4T arS S8 o Fr dqudaty S t Fal of tramsmCred b

: on ‘fTequency .mttecf) or transmtted by
the target afsmcstbnppedtf romudeweshi meteeriairegbt tpBsi tiorprence T

det er m ned usidﬁgRt he asured angd. estinat eda bear g argl '

. ! ari es: angdmét §.
change agai Ast™ t11ie. r%ﬁe es'?ci mat ed t ra%%m’ sgi gn fa?% uency is .
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
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20 shifted according to the estimted Doppler shift and fornms the
esti mated Doppler frequency or the estimted receiving frequency from
whi ch the meacnred receiving frequency is derive'™ ™ .
transm ssi ) ) ~ however, lardely erroicous anu neive w00
25 the estimated Doppler frequency. The true transm ssion frequency
of the target can be determned fromthe difference of, Lﬁe neasur ed
recei vi ng freeguerdedantot Re BRI4RItEH BOPPYEEST r EGRETE S nte PFar
sai d di fference s Appr oxi makehy azeNgstike neaswied deceiyibge Demon
frequency 30 corresponds to the estinmated ppl.er, fxrequ y

under | yi ng t%%ﬁ%ﬁ%i%ef?éaﬁéﬁéyaéﬁpr%%eﬁa% afegoré%lgpgﬁ%spt%gtgﬂge
true transmcsssi am f reguencydandmoanlbe ivsed arot  tdrgetg posiei okofar
determ nation. .The eval uatj.on quantity .i er pg ped fapieneusr
a 35 plural iatrﬁfléﬁ‘sjtsarg%? tgrla?rc}kdg%fr%)%tﬁg%gresgrgi%r?g%gngﬁpdi £f erbences,
the frequendirediddrarierces Bede at theastreaEeaGyportt vattue, L88pkci 8Py
a support V%ﬂg%égaﬂr@aﬁéa@%”ﬁ%%%%&iﬁ%@ﬂ%&ﬂ@%quréh@ivaﬁgefreqwﬁhcy
2012/ 143349- "8 - PCT/ EP2012/ 056992 Taki g&)i i_nto agc%unt tn@% with the
transmi ssi off 9% equEREPGI tfe PBPPERF SMFE hadt ASISIVEt age ¥ haf©a
target par angigr, det epghRabomedre béocasr itée: ovds ikt ldut thde teageier
5 vehicle itself havin 0 neuver,. _Anqther ge,} es of
possi bi Pty RFF A1 agitb%%ﬁor\}al lE}gr o(r)Cht em%%nc?sgf%ﬁu%?ga ency.
of the target,pbecauseyinft bpsctasd tiiectr dimghi 3k3onPer 6GUBARSc4Rhe
determi ned better as anayhes, {,al getroparanet ey vimanst edqidiecil0for
met hod according to the invention. In another preferred enbodi nent of
the inventi RcUrgaiisac$rdcessi ng cycl e of a series of successive
processi ngcycl es, t heeval uati onquantityis 15 iteratively mnim zed
taking into account at | east one_s ort .val S arget
track. Eor tzhigoﬁﬁﬁ%%s%?lgt)s??aoﬁs%ngs{“ﬁgg §rggg%egﬁlgk§gl tgll}?g'?eeg g%d
esti mat ed bearimgniangt®s laye deter knedtt heref r mtdraterng freem &ke
initial position of the e k I a handenmtyeselecteddas
the starti ngesptdl‘sr?%%élh%#gé?i égfgy\?%ggt i@%gb%gg%gq i S 0 b;g ot.her

nown
on-board sermsot s esTHEateshebeR¥oNHeaRMUF B bedrd ng tandt e & e Gohated

with the eStﬂhﬂ?é.edﬂ@@aégﬂgméegheﬁraﬁgmasb@ahi mg eanghe ydiifsf ehrenpericy
0

formed, which forns the 25 eval uation quantity takjng.into u
the suppért %altieed whiceR&Va%at ? ort a‘:ﬁfgf‘?}a?%di {8 & tlle\r%el 3&‘5?9 A
mni m zed. Theragdvantage tiismathat miprdchi efieguehey nPni M tosg imated

estimated bearing angl e _correspon o _the,tr b i Nl ARA
froma resi dﬁ%cre‘gﬂ%ﬁg. %'Fﬁgu%)(’lyesif%%%l wé??%r #ge alg\é/éﬁggegousl g

dependent onfzedieeshol dsval derthad- cafhse spekirpread T W“%/irﬁs&on

account at |f¥§%u£H@?SHQPOBEW¥QEH§ ﬁg%gEE?r@&Eﬁﬂbbu@ Rind Zanget ke so

eval uati on quan |Ty_ eads advant ageousl\}/ 0 a {‘ggt%ﬁ:u%oncvreafrgsenﬁcsesign
t he net 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.


sharon
Text Box

sharon
Text Box


35 In another preferred enbodi ment of the invention a plurality of
different target tracks are determned, wherein a first |ocating beam
associ at ec ND 2012/ 143349- 9 - PCT/ E

I’T'!i‘asured, - - ; well as a |_a58t 7 ocati Ny wvcain assuur at cu
with a |last nmeasured bearing angle are determ ned. The assuned target
tracks thus start on the first |locating beamat a starting point and
end on the 5 last locating beamat an end point. The di stances of the

assuned startjng,PoiRts Qlkcend wpoind stiaasmeashont atecqurrtdye 41 r sheor

| ast | ocating beans advant ageous| y det i h

di stributi orPQQleterFe %?ﬂaﬁdtij;i?%nu&%aﬁ%{‘i’ﬂfaegrr%e&fe‘#s% ?%%Qrﬁglcﬁﬁggﬁ%pggst
| ocat i Ing beares: camel rprteifer abky Ve i abkeieﬁoromcwiaéguﬁecﬁh%r getripdck
an eval ugti on quant | 1y, | s del e/t ned fLomntbe. eshbiBbedaboantage is

angl es, asure edafl’i ng angfes an altl east one support_val ue.
15 Using saitthcevalasstion iquantdfty usdigest® t &GO aé’l@lglg?n Ber tfe
advant ageouséﬂag%%i%@ﬂ&?dfr@@@@ﬁc ssgci @tedthagge] PRcaNRLer 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 5

Ej'h?f 20 best assibl esrebhabhbkit ytaDetter maniang t@mpl byalmegnef 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

oL sperl NSRS ULty et ageons ) ks
of the 30 i rienitidreadhl YreRegeitar G¥C 1 er &k S a?%f{]%ﬂ%gﬁ ?%chﬁgsg’:%%?t
for determ ping-dde 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


sharon
Text Box

sharon
Text Box


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

nunber of . _. __. ee... ..20se evaluatiorf quantity .._._

2012/ 143349- 10 - PCT/ EP2012/ 056992 bel ow the threshold value is
advant ageously limted further. In another enbodi nent of the

i nvent i on, durdSy ehore® Processi-ngasy Bk 1t Fe tar et t paPafet BF sPERT

all or a pI walddysfq t he drar get 3tars%ck§1e@rs@rgz@ap|ble%&|lh)g dla&@h_é}’eér@n
di spl ay device using one or a pluralit di agr ang,_of %g t ¥H the
e

i nf or mat i on WEERAFF orﬁft%ea%w%t? g%ﬁa‘ﬁ{? S r ePagi
target course Ad angtoriddebtanget speedrand/gopdine targetndangethe

Such a displa &n bl es. an ceurate rea u t he g t ers
for a se%’ect quaT Ty T hdPEaE G péejc(lgaFnggy Se#yiéﬁ?%{’%ﬁ?g?ggt%
paramet er, alte tasgemeparmm@x@g am@ltét edr wierle sapPdnssl utivh €aflbe

15 di spl ayed,, wher ehy, the operator can girectLydet eppLRg whet hekra
solution is pro abl e or not. |n another nbodlnent of the in ent

i on,
during each Jsroeessianycytl e FataFBiRar gett fosi tAGHE Bt t he®t ar gég 20

are determ ngdsdfamailoror & plial idws 10fa ttike t@lu@elttltthkg‘hesaifdrSt
future target sition edetermndfromthet eq:]
y targ

associ ated dH Theé e attalrngget SFUCK, " especiE course

and target speed for a pr edet ermned tine period. The 25 advantage

of said Ful e LAIOel, POSKL ON2- 4t LhAk L NEnOBRLELAL 1S ShANR.WI B

possi bl e sol ut| on erto avai | e bearings. allowand how
reliabl e t heldbestnigwidut i BFPT s. tTRAKI ﬁ@t%fﬁ%%e%ccﬁﬁﬁflag | é39t8ne the

support val ye advant ageously pievésesndhat tbesousher sabp3dtpossible
perm ssible solutions is further limted. Afuture gxg %eg ar.ea
best rack can

repr esehPi ndSHHE i & FargetLon quantity,

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
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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 li spl ayed graphically an’ o 1
adisplay --..... ... .._play is preferdBly carricu vur 11 e 1ol
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 ers! e beS dEBPRITEF 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

L s A N
in detail usingaheaccompanyhng fisgweds. FhRaEke fidif esITEBPAFGILY
EhOM§ a S?h%m%ﬁﬁé§édLGHréﬁéﬁﬁbﬁfdéywté0@@&&@90@@885,auﬁﬂﬂgam@kghpfhe
caring of a ftargel, Nas Peen 963t ed A e O f S e, 891 Ntk thEe:
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
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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 conpnnente far illuctrating the determnatio
speed, 25 ..,. . c..c.e « -Chematic i Tustration of wo + veac iy

beans, using which the bearing of a target has been taken at

different points in time with a plurality of possible target_ tra ,
30 fig. 5 shoWsm bi’@éktéipﬁgrafrﬁcg)ld%aqqq us??%???lé?a rrgﬂthﬁosd :rﬁ%sa B
device for delgididgthatgenparanpéer parametetsgsio 6od- Ceshowinhree
t wo- di nensi onal diagrans faor 35i|lustratin qual it ai Lhree
target pararbtiets 3hd PTG 1453 9-8(1511?%2% 1 /0583—%%} 7 5hows
a position idiystaytd oniokcthe sbh uki onisplee ddhown vi ntegeshed A—lé.h
On board.a wgterborne ;vehicl g, ,espechal IghSulmihnecadihbere besa
pl urali t§’ of “ar rangemént’s of waterborne acoustic sensors, .esgem aI.Iny
el ect r oacoustial dnd/ oprepesaboiistic transdugdr LOSUSH ™ ¢ aRsdter
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&hice. 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 € 58RE0hs LS idke
combi ned®t o $GFM g?ggﬁ%la refglu% o%h%%(%%gi%dogi recti orrllal
char act eri stfosn usieglapendect i chagenerat BELh BRi i 'OHe [N &*SFEEE Ver

system For é&%édﬂh’ér?@%%@@ﬂ%@@i ver &dignal susd g Sureed danfemying
group signals wth a transition tinme delay and/or a phase del ay
accor di ng 20ft@1¥dhei rIgi 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


sharon
Text Box

sharon
Text Box


Depending on the time delay coefficients used, bearing angles are
associated with the respective group signals, V\/nose i nt ensi ty vaI ues,
especially ' —~'"~ -~ 77 determ ned. The intensi* " "¢ '~ mootrigg
therefrom copcer way oo level profifel2provides  oew vwnr ey, wan ch
represent neasured bearing angles to targets. Such a sonar receiver
system has an estimation filter 30 for determnin par ters
from the measur ed’ bedrdvy andgtes! tien hél%‘éFbé?tl%gsc?g tea 583 iOfis

of the carrier vehicldd selduanth atideast rone 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 spemfl Bbaadt ar gett exturses f\redmcalef,l r%ﬁp@algétiésﬁMb@ﬁrtl@ea

second t%rgeéfh :)2![ "tslsggreTg?u%tht H?t'é)f'lfé)rfl érqu—;mg@r rder w\ée;fyr%logne

pr ef er abl one o | ura so-cal |l ed Ei
| egs, V\,her eiacamsE gens¢egoref er §Spécaa§ébft| 8ﬁ961tr8ﬁ§8@§|télcat &d 7or

linear notioq téaé%ué%h&w%EQnEB§c§§§r|gﬁcMeB|Qk@n@@%@&ﬂMdﬂrangement
approxi mately a constant course and const ant ggeed 5 Fl Eggw%fa

schematic il}ustiaPPeRdore 9w PHcAting Beant 2742 i ny v%l ¢
target bearifg i satogBbedeatchwoldi birersenttipoimise i aft emey lAnferstin

| ocatin bea éfzalégéqa%%zato a stéi%éprge b@?ﬁh@ﬂe' 0 Eltggra@qra&n{@tem@

10 especi Cal | Peam 4 rel a i nal beari n%
| ocat i on carsf edadatbatna Ia@:toeustp@l NSRS rgan ska@ dCtPEeat PG Bears <2,

4 are respechlyelyolhie fifstiorLastidocatingheans used for
determ ning the target paraneters. They are determ ned automatically

or 15 manually by operator intervention. Wth the assunption that the
target rangeRé@ei‘\’ﬂi‘f‘O\MLgriahL% t argetucan vhavebbeer faoodstncdifdrscarst

positions 6 on the fjrst ati beam 2 as li kew .
di fferedt® poditi oRe™81BRA thﬁol aggrf“ocgtrloﬁlg bear?ﬂn %%A Olo&gm ‘e a{tbaorz%éjt

track Z(i, jc)llréc*aismaenteaeelg:twhestam& ndexagi ar é]flé@ttl@rbr%ertﬁrattr?ef

EOSSIble positions 6, an the first. |pcating beam-2randikngexgoskefers
O + »
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
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25 one of the possible positions 8 on the last |ocating beam4. Fig.

2 shows a schematic illustration of a possible scenario W|th a
plurality c¢f ! nratina hearmg froma 30 carrier vehi ="'~ *~ - -
Here the ce ; travel ling With an obe_. .
receiver systemon its path of notion 10 and records n beari ngs to a
target at various known positions El - while the t et |s
movi ng on iteftapgeeliedckigen, 1F5J5fré5ﬁf35835 faprgtlgleé‘céﬁgnd‘ecfgé

via locating, beapsodleorlidnalldctteatta 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-ducoershaatensyshensphose 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 pasischenaxdc Yid lors e 9 s | vat ity Pedid

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

with the addit?ofi6fcastitmited Shebd EofBonént’'s WA ac?/y
target and apc assosi agcedaesgtﬁateﬂgbe: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 107

i mat ed t I
Best appr oxi hatel y. atitrigxpoRgsmeo 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.
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25 is taken into account when inplenmenting the nethod so as to assi st
said nethod to a faster convergence. A support value is understood
here to ne ' "' " is assuned as correct ar ® ' ' 2d
for target .__. .. _. ____ rination. E g. Y4n"already ... .. __. _._
paranmeter, 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&sudBfgetaPositisydieter m-nat i eamdie 3% ahtsai nedosan
be used as a support val ue. . WO 2012/ 143349- 1§ﬂEP%EHEP2912LOQ§99%n
si gnal s and/%&“ﬁﬁés&?eh&?? JiGHAl sPAELEFR Nl B3 t he Sperat or .’

However, becauseial | posearieti calfl ytiposgiasloe tsupporde vatyesedr e inber
al ways avai | abl & mlts‘\% NG F %rgm they 'ttﬁrogl%tl IS 108, detect ednbyc @l bng is
sensors, data ré?a ng to possfb_e support values are col|lected in
a deci si on myligetedrhas itthecant Het He¥ ePAPAEACHhI%oh Sppdt t thaI desSare
currently avaidablgy Jdg,decision nodule sel ects at |east one support
val ue 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. LLgonal ly t degiSi QR+ ;
nodul e %Povf:éggqhe gg?égﬁéﬁ suﬁﬁor%§5§ﬂgg%§)_§#%h rggﬁec?%%g tive
wei ghti ng f actaors;edihiledrebrg espoaidet oBrhe reliabi Fhey efdigaon of

respective sunpord: V@l 46-88d SREChEV L0 Whathextenir thee SUppget 20d
val ue is taken into account when anlenentkgg{the nmet had acgfrdlngsto
uatie

the inventi gi! FGrSIArgsicPar St dre st er MFHEGh arf

quantity is gletermned far sthe oasswnemtidar gejud racko25b261 i np) afwdm
the bearing angle difference hetween the estimated an u -
bearingﬁéngFiéf%ﬁﬁﬁ C?%k?ﬁg%PﬁF§ account %?l?g§$Fg§%eq§%§§§r??gal&é,
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
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knl Here Qi, j) refers to the evaluation quantity for an assuned

target track 7(i iy The index k runs from1 through n, wherein n

gi ves the ari ng 35 angle along th

refers tc ... ......, .—-._.5, Best,i, reflérs to the cocinucu Ubu..“g
angl e of the kth Iocatlng bean1 mhlch corresponds to the neasured
bearing angl e Brneas, k. Furthernore, P.,," refers WD 2012/143349- 16

_ PCT/ EP2012/ 9569905 t ¢XHe T aftgeSSupPert vl 4ied 1 ReSetEETERE dasRYindd e
range to the,targetr angioWR e ,a M@b@@éé ng1hactWsor&t 9caBlghowssabde a

schematic illustration of the s conponen t he t t
in an X-Y codfidimat eVeyLtenttTh OFaP gﬁy%gévﬁé#?byésv%6§ |§§ngr gre

wi th speed Vtam@sﬁei@ hbe speedt¥dcbgpriliesehberassodeitat ewlsgead to
componen |n t X directio th S iat peed
bhfe Kno\ﬁportt hea(}lggﬁ £ & Sc%(\il% eﬁ%ds Eg £0 @%%q%qto

inthe Y dlr% Ton. earing a
conponent s \xodnte VyTbhst hé K&ﬁgéﬁéa@@t@bmy@¢§edhiﬁboSappadﬁaWa§ﬁ§§d

component Vgﬁgaéﬁfggééyy asimBh My 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 detesnbnedotinom tha cestd nat eteyat ueseobupperspeedue

components V. Nd:YE YRlng e agye-eavailen; ARVAc esVeagsh SR
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:

30 Z Wi{ [ meas kK Bes?.k]2 + WR2 {F”sup - Rest}z = Q(i, 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
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When determ ning the evaluation quantity a support value for the

radi al speed can be taken into account as follows: Sai d eval uation
quantity Qi ' ively reduced until it f-""'"~ *='~=~
predefined c. . veeo. ..de 30 underlyi H@ estimteu puorvivn 1o

recogni zed as tge target p05| tion and the associ ated target
paranmeters are determ ned. For the case where the reception signal S
of the sonart35thecepief §V§P@ﬁ1taﬁ7é‘l§ﬁbj BeteedCt & egpqiﬂ?r?g At

anal ysi s, e.gneatdpfar analysito of weilpmmanalosis, an estinated
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 onFidjqulesbgswsf et he Earsgextema$ltco 18 lve testtilvnt ef ddhearspeed

initial Iuefr ur regepti,o ency dyass
nor mal v\egﬁl cfe" %pee greq}s V\;{jer(g%rﬁtg ve % é}& >e<r itﬁ%c{}gjll?ate

det er mi ned usya’gemhe'l‘é@t |‘¢mt%ftt bea#i rl@fﬁng‘lfes Bé%%l hent e F&F&t &g th
speed conpongpts, T0og&hfiere W t hnthepassunedecomprises 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 L
Z Wk2 [Bmeasgk - Bes{,k }2 + WVrad2 [Vrad - Vraoﬁ est ]2 = Q(I, j)

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
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10 transm ssion frequency of the target, an estinated Doppler
frequency Fest and a frequency difference of the reception frequency
Frmeas and the ectimetad Moppler frequency F, st a

bearing ang. .. - ... ... Jet paraneter Heterm nav un an cvar uaut un
gquantity 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 ARE takFagIfht o akRbURT AL

| east 20 ong.s$URRALLtvalhue, 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
val ue F'mi g edqssidblod asshhbnatsoonr gselienwivt lofnvhich tthe gedr get  Was

recogni zed under a.certain_type of .shi nd et cific
| Thoe are. affocPateioicn 36 L A8 1 Aose eV En e t b tase. vheros o
reception fKEQ@@mgwnoﬁHQQW%ﬁns§Hﬁ15%%qwéﬁbfwﬂ0¥mﬁﬂt%?@é?l?ssP%? n
into account,r the, evalyation,gyapi bty AQhopiked sHieduces 35tunhihedt

fails below an error Iimt. The underlying estipated position
recogni zed &$1adt ditfet SpbETRFBA &G EHE ég§§%?a€§ﬁ 4 gégﬁia?g%% s

are deterni ngdeq WO 20:426143849- 18 ogREReEP20121 056992 HEaki ngswihed
account_one or a plutalit%.of support

, val yes to fast :
converg%%cet6ﬁnﬁﬁésﬁépﬁod.reqﬂ@@&#diﬁg t%Hgn g%?@%hétiég egéﬁ%?g$ed
enbodi ment obpihe r5 firetchethac doediarg to fi@gmﬁmQynﬁbﬁ?eé¢%¢%r%fiF%eof
di fferent 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 2 2 P
Z [W;{ {Bmeas,k ~Bostxl + WF:k [Fmeas,k - Festxk} ]“f‘ We (Fsup - FSest)z =7 ))
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.
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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 hearinn tn the target has been | o
different |_. ..._ . ._. For determni h% The taryc. puw wicier o v

plurality of positions 6 on the first |locating beam?2 and a plurality
of positions 8 on the last |locating beam4 are selected. SGaid N
posi tions tHaskieer r é85end2E6°LRE | ANEI P or® f ipljréﬂlragc}g‘iyti 8nhs BFPPOr
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 locating beam 4. 20 Preferably, those target tracks Z(i, j)
that rel at e pcdriessityl earsod Ut ¢ onst ave ekémphatededopihgetheof ukbfier
course of the nethod. T an e. g, .be; . tracks asei1sekut bens
lead to osinﬁt&r?gor?cicé)ngﬁgqucm%ochqff m&bﬁ’%gggfh'degw }M% ot hergl
obst r uct i onslitfd esteingpitey aetaffias ksToge dedeg@i e acks Z(i, j) can

al so be excluded whose associ ated target paraneters exceed a naxi mum
val ue that can be specified. 30 For each target track Z(i, ). e
remai ni ng soli@-i dn Vprite, avCevaTuati b}c‘uﬂdﬂ%ﬁ%ﬂ?ﬂ Qflg 4 éhaé%%%n&nég
as describegahavg.e Prefgsabkyacasl y tihosg) t afget ltadkis\carlecamked,

i nto account whose associ agte ariabl e has .fall b I t +Que
predet et Hi néd tﬁr‘fgshbfglﬁ r%g?éé, Lb%lc% sgﬁlt%r??’y ?ﬁ%s?%%%%g bg&‘)S _
consi dered asuagltevans sbeati ohecataD 2012f723340tfguent points in

- PCT/ EP2012/,056092, Fr om saj. g potenthal c Rogst bherbarget st bagkard(iry

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

mexi mum achievahlie uabkt yposhakiorg 581 bho w@ecolastatldaedsinooneean 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 determmningoLhe tasgel pay arepes seidli pgoan the
arrangenent o 'wat ‘et bor ne- acoust| ¢ Sensor s 20, sound waves from

a
target are rigiosiivedoamdithebrainedepticon 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 (ious sothegs 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 oRh@aseagar 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 mad e 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.
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30 active node or torpedo estimation or a manual input by the
periscope operator. A support value for the speed can be obtained
e.g. fromenr ectimta ~f +he DEMON anal ysis, a pi ’ o
sonar esti| _ . data of the~Ab¥o ldenti.. __..._.. _, _._..
information transferred by Iink, available torpedo neasurenént, r adar
estimate Or a nmanual input by the periscope operator. A support
val ue for tHheocgpoussédcarciesy:ibe dorserhilied #fofta asive 4ldng hy
et TRt er o CRER Rl dhe A ldlons faati oy st em) 2 pest
in or pedo, esti mat e r adar '
or a manual GeApGt é§%§ﬁx§%ﬁﬁdﬁséﬁ£§¥ﬁ%Fﬁql %%Sﬁ%%%%ea%ggygﬁgéﬁggﬁes
The radi al speediofy thedtasget assiupporéchabuebtan dwelety. Taking

determ ned ysing an active, sopar_as r adi n
Doppl er ﬁea§ﬂ?€he%??0%% f?én£§$%§i8ﬁef?gg%%ﬁ%§ ggﬂggsﬁg%%?%ﬁgafﬁzt

can be e.guumaﬁsaﬂhﬁﬂqnﬁciQSShéi@éﬁﬂaﬁtVe§élﬁ§e:E?PHRFHaY%;V%I%F?ng
Lc the possihl nSW%ﬁ%%:V%hﬁ%%f%ééﬂe 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 ontqﬂj_?h!pp?r gmﬁalsu% 29evBECchidc® rticdken tat ahaccouwsntwhen for
ing ou e further process, The sel ion | ryd

separatg@y 6r° “&adty fﬁfge h%eﬁ%ﬁé?ﬁgdgﬁogﬁgkgegéhﬁgggt%#gg?ggén For

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

29 a resDeCQﬁQ%@ﬁ%ﬁ$ﬁ§C%?tﬁ%ﬁ%ﬁﬁggﬂ@gaké%%QﬁdMs@@é@hstQKﬁs kBtAd

account the reli e support value 29. The nmet hod accordin
to the i nventvers i Arbndes $@¥g%ﬁe@ﬂﬁrﬁf%ﬁ%ﬁﬁ%u?&ﬂ<ﬁ??ﬁrtﬁgcgﬁgﬁ?8 )

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.
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30 determning a plurality of target tracks Z(i, j) with associated

eval uation quantities i, j), and for another thing an iterative
met hod for Aeterm ninn a hest solution. Preferab
are carri ec el. It is, howeVer, conc 35

one of the previousiy nenti oned 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%@apu%%ose an_as neqaén{tial
/t i

position XefT¢8 &f -BStafget2BAU"4ncs5sH GEP e | o4 )Y e
determ ned npnta downstii®amtasgesystack deternmanabnort nanisfa3gassiyg

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 obnhaunedsby Ptheidéonsicoglrobyl 6N28PesA 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 ghantiayiadr PSR i abl BREeFPYEATT ASMSIHRE val FHtion 2 ©¢
quantity iscthen gespamnedewi thsanyhreshaldt imad uescrhat ean be radial
specifiqg. | f the V%Iug falls gelowes%h% %hr%shold val ue, said target
track i) 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 piepos&carercer 5 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 ¥t ack determination unit 30, which assumes another 30 t ar get

track basedrer theacharged nposid itore qonporierd ssaneior epeeds 27 are
conponent s. Takk%%d'Q&9J1C999§ %%uggngsygggﬁsm%%uﬁgs§§gjt 488y to

deci si on nmoddl& an -associ a uation quantity is determ ned
and transfeeredetbsihe evedwke i &% -unPEisg. P hew COMREISbn V35 wiid

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

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

e ' d d on the
speci f i 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.
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transferred as the best target track Zbest to the display unit 34. 10
For the case in which the entire solution spaceis cal cul ated, the
target track determ nation unit 30 determnes a plr=litv nf tarnat
tracks zZ(i, ,, ated eval uatiohl quantity ., ,, .o

determ ned for each target track Z(i, j) fromthe neasured bearing 15
angl es Bness, the estimted bearing angles Best and the support

val ues 29 t Fansfenpkendénoime heldeci §E6R CABEUIEE DA Thé doGASET ¥R

eval uation Qahgrézm@%ﬁ%ﬁmlge%x%ftéer%{tbltya&&%fd trsaek oZby't ,DEME £ hihags @n
eval uati on Euantl ty indicating best quali t%lwgnd passes_sai d best

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

whose eval ugtion qa{be 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%bgghggﬂaggoﬁ vari-able Lgselrrg@/egh; I’Qﬂbﬁﬁ.l gogy@h@@gl @(@, 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 provigded fag tg}egpégvmgycsl ¥ynfrerdieoonedppabodiveEnte 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 dervettbomnogeneratnerit?? 2% f atetehitsimel pose Hete a@ssumed

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

frequency Fe ‘earing angle is determ ned froman estj mat(?d
transmi ssi ohaffgé(queWé@C]Eséslt ehict t o2 brattamsttled Bye \gpSoctate

2012/ 143349 23,5 PCTLEPZAARL0B699%2r t he targetleTheectrarget fraok the
determ nation unit 30 determ nes . fromthe available nput Qﬁ{’gsﬁold
frequenty 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 @mhv@mﬁaﬁasgéqeltqvacﬁaz@ ClTl)egrf? tﬁélﬂﬁequ%%‘}

di fference %B? the tbx%acru ng. anglee ndif fer ence, baki ng: i duo agg@hmzbgsbe
10 support va Ges 29, The deter mi natl on of the_ best tari_?et tr

Zbebt t#kesapFadé dreabyotist 52 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.
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however, not only the bearing angle difference are 15 in i
iterative mnimzing taking account of the support valueglggedbggrlﬂg
frequency differences are also included. The targ~* R Ty “he
optim zed ¢ processed imZZ display w... o= .. o]
out put or display themnunerically and/or visually on a dispré;VI L
device 38. If the previously nentioned method does not produce a
plurality otheosSDbbestdeqemibﬁdc@§QMﬁ,Oq)?hqnﬁtgﬁﬂﬁﬂﬁénﬂ%ﬁi%%ﬁ

track Zb"t with,assqci . . .
3552¢LaLed 1 HAr 08kao: 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(ithg) SarR( QY Q(”?‘,lcjh) u%b oév.nggr%i 5523:1%%1_‘!% %%%Cﬂr Ie3SS
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
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The display of the quality measure Q can be inproved by using
suitable coloring. For this purpose e.g. synbols for values of the
quality ne r than an upper val ue 4C

first colc., - _,....._ .or values of” the qual ity .cuou e w  wur s a
second value 44 in a second col or and synbol s for val ues |n an
internedi ate value range 42 in a third color. The nunber of value
ranges 40, #Re 4@aiget hovlver taistel | ﬁﬂﬁ§&~t@efﬁF@énaﬁ&Pﬂerunéﬁy

number of 2Q.yalienEangesn e%e V&Axte,hg Jaakdléf@hgat &ﬁ‘StQCI at et @plarcy i s
al so possible. Figs. 6A-C show exe %/ resenta i ons, of
the sol uti oﬁl§§§é§§08f Of hé Nee FERINVE tHT at%p L% 257 t 0B

det erm ned. tha Ea@ls&m@aise)d‘p.pﬂdmefﬂ@i{mmmansenasf wehé tear getbearing

par aneters eed, s ort valu a T,
results 3”92 ‘iifa#]f%@?%o? ut}:)leoﬁ”es%lace % éd}te% %g?gg% A’Héles
30 The d|agB@gl|1n¢ﬁtpeE#$srmw@edmb¢ﬁtiﬁ9t@m91¢$ srar%@ %%ﬂ#u%ﬁﬁ%%s

two potentigl 5ok uti on ar eg§ far %H@nt@feg;%tmam@e aad Ela@h 68s Shevs
an i ncom ng "cour se and an ut OI ng cour se, wher ei n boﬁ% I; ol uti ons gre
r

apparent |y appgeki waeslky 4 e sh)rre efichP&n TACARRGEYe SIERE 35

possi bl e if  the carrigy yehiel eilfas ranstar tidigippsihton aanglue tofthe
approx. 0 degrees to the target. WD 2012/143349- 25

- PCT/ EﬁéblZFBB@%E i’—‘Pgue? 2 Rows an alternative illustration of the
sol ution space fromFigs. 6A-C. The first locating beam2 and the

| ast | ocati b t in.a t @gpr%eﬁt 2 on, tak
especi al l'y ggﬁp e?e?gglr gstgn?{at ?gnt@lﬁslkg&% hgg?ar ett tracks ﬁ?lﬁ%zéz; :

range sol ut pdacspace 148 fusrl vt heo | Beat pﬁ@"ﬁ@é}ﬁs e @qlénedébcse'r

showi ng forpggachetarggbtragky totyﬁg dje%mlaﬁgedaagp@ssajbmetanget de
position for an initia raneont first Iocatln% bt% ‘fmi of
possi bl ¥ t aiget UGS tquﬁﬁ%rl‘ée??ﬁh‘fe rBhge bA T ERe ‘TS Y 6cating beam
4 with the respesippe-assatiated2guabitty teasdrea@epicy j§ifferences
Preferably, theﬁiange scgl %’[I on space 46 conprises an inner region in

a 15 first E€6Fo TR 1'S& cates a high quality, an outer region in
a second color, which indicates a low quality and a Legion in the

center indig telng Q@d'éﬁ?éﬁ@défs}’ JFUr t her mye,m & ddit epe utabgetare
pOSIt|2£3Ofpr2gogged lA 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
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20 determned for the target tracks Z(i, j), wherein the future
target position is determned fromthe target parameters associated

wth the r-~=-=*"= *=--~-t track for a predeterm
Said futur _ . ons are displ dwith tiic asouur alcu
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 8burs@egistudtd Bie é%@écﬂ&H%ﬁ%QHQ%F@Q%&%?%gtBO§%ﬁ(ﬁ?%ﬁ?
angl e of thg.eqeehero vahucl €, of-c3RpPreX. €odagr eeset cdnewiargets lan
this case the arrowheads of an a sociabzd cour sel/ speed vegtgédar%)
shown in thBUPGSFYi ofi$4T ST r at i'OWSf or &It tatlget ‘Tr ack&PZ{F ) Y
whose qual i py (rpasueRsnj(d) 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 VectB¥CH otk TG Iy

I nto accounf,.ag PgeQ¥SHRp055 val usprevigdes qaihelativel yaraerowange
sol ution space for the speed. The |nconing and outgoin% sol tioQ%”in
the illustrasrentascordiing 3B MY 7ar B2F el eFOPE Fel PSepartt e

The differephgskgrthBe PRENtSrB0tobptbe 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 RescHIPET 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 i dombiMaRFons & rEsUres.

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

acoustic sensors of. a sonar_receiver, sy f syibmai 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@®@oy 4One 4Fr an§eneht’

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

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.
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one or a plurality of target tracks (Z(i, j)) are
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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 5 284~ PeI/ ER20L2/ 056992 yranstierr ed mirdde the daten rejaid ng
to their reliability to a decision nod IE i28), whi ch det er m.nes.
therefrom t A8 $GPpore VAISRHIDI (2™ £h? r E§pEELTVELAS otv:blyatserhDWlnq
wei ghting faetoeschhatrgee 5Straken tiontoe adeguntyedura g davdd lenmerdatdton
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beam 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.
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(Z(i, j))is calculated fromthe sumof the, especially weighted,
squares of differences of the estinated bearing angles (Best) and the
associate™ ~~-~""~" “~-""ng angles (B,,") along th~ *~rant AREr~nl
(Z, (i, J), nto account at?4 east one, cepee

wei ght ed, support val ue (29). 4. The nethod as clained 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 OEH%OD%HHdeE“&Sbﬁee@ngubb@rﬁr@@Q@@CWAQ @ﬂo%f&&ﬂ
one spectral Ilne i.s 25determ ned S t e rec g “ence\é(':’ ha $)
B % R sk T

for each bedri%fg2ngicdy '3 TEgtiefty" rlf)flersé)r? eception
frequency (Engeﬁ)n@ndaﬁcﬁl esitamieg Bepplterorfs equentiye (Feblysimation

det er mined Lo _each bearing, angl g, wharelacihe 30est iTled Pl te

frequenc (ﬁ‘;g?r naetermn
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.
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Claims

A method for determining target parameters by
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, from estimated bearing
angles (Best), which are determined from estimated
positions of the target, and bearing angles (Bpeas)
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

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, 7J)) are
determined with respective associated target
parameters and a respective associated evaluation
quantity (Q(i, 3Jj)), wherein the evaluation quantity
(Q(i, 3J)) 1s determined from the bearing angle
difference associated with the respective target
track and the support wvalue (29) or the support
values (29),

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

a plurality of different target tracks (Z(i, 7J))
are determined, wherein a first locating beam (2)
associated with a first measured bearing angle and
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

evaluation quantity (Q(i, 3Jj)) 1s determined taking
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into account at least one support wvalue (29) for
each target track and a best target track (Zpest)
giving the best solution is determined using said
evaluation quantities (Q(i, Jj)) and its associated
target parameters are output as the best solution,
and

during each processing cycle the target parameters
of all or a plurality of the target tracks (Z2(i,
3)) are graphically displayed against the target
course and/or against the target speed and/or
against the target range on a display device (38)
by means of one or more diagrams of a quality
measure (Q*(i, J)) arising from the evaluation

quantity (Q(i, 7J)).

The method according to claim 1,

characterized in that

data relating to possible support wvalues (27) are
collected that specify which support wvalues are
available from a quantity of all support wvalues,
data relating to the reliability of the possible
support wvalues (27) are collected, the data
regarding the possible support values (27) are
transferred with the data relating to their
reliability to a decision module (28), which
determines therefrom the support value(s) (29) with
respective associated weighting factors that are
taken into account during implementation of the
method.

The method according to claim 1 or 2,

characterized in that

the evaluation quantity (Q(i, Jj)) of a target track
(Z(i, J)) is ~calculated from the sum of the,
especially weighted, squares of differences of the
estimated bearing angles (Best) and the associated

measured bearing angles (Bpess) along the target
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track (Z(i, Jj)) while taking into account at least

one, especially weighted, support value (29).

The method according to any one of the preceding
claims,

characterized in that

reception signals (21) of the arrangement are
subjected to a frequency analysis, especially a
Lofar analysis or a Demon analysis, and the
frequency of at least one spectral 1line is
determined as the reception frequency (Fpeas) for
each bearing angle,

a frequency difference of the reception frequency
(Frneas) and an estimated Doppler frequency (Fest) 1s
determined for each bearing angle, wherein the
estimated Doppler frequency (Fest) 1s determined
from an estimated transmission frequency (Fgest)
emitted by the target and a Doppler shift and

the evaluation quantity (Q(i, Jj)) 1is determined
from the bearing angle difference, the frequency
differences and at least one support wvalue (29),
especially a frequency support value (Fg,), for one

or a plurality of target tracks (Z2(i, 3j)).

The method according to any one of the preceding
claims,

characterized in that

during each processing cycle of a series of
successive processing cycles the evaluation
quantity (Q(i, J)) or a variable derived from the
evaluation quantity is iteratively minimized while
taking into account at least one support value
(29), and on reaching the minimum the target track
(Zpest) associated with the minimum evaluation
quantity provides the target parameters of the best

solution.
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The method according to claim 1,

characterized in that

for determining the target parameters only those
target tracks (Z(i, Jj)) are taken into account
whose associated evaluation quantity (Q(i, J)) has
fallen below at least one predetermined threshold

value.

The method according to any of claims 1 to 6,
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
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
the best target track (Zpest) s is displayed
graphically and/or numerically on a display device
(38) .

A device for determining target parameters Dby
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 is
designed so as to determine estimated Dbearing
angles (Best) from estimated positions of the target
and bearing angles (Bpess) measured by means of the
arrangement (20), and wherein a bearing angle
difference between measured bearing angles (Bpeas)
and estimated bearing angles (Best) can be
determined,

characterized by

a decision module (28) that 1is designed so as to

determine at least one support value (29) from a
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set of possible support values (27), a target track
determination unit (30) that is designed to
determine one or a plurality of target tracks (Z (i,
7)) with respective associated target parameters
and a respective associated evaluation quantity
(Q(i, J)), wherein the evaluation quantity (Q (i,
j)) can be determined from the bearing angle
difference associated with each target track and
the support value (29) or the support values (29),
an evaluation unit (32) that is designed so as to
determine a best target track (Zpest) with associated
target parameters using the associated evaluation
quantity, wherein the associated target parameters
can be specified as the target parameters to be
determined,

a design of the target track determination unit
(30) such that a plurality of different target
tracks (Z(i, Jj)) can be determined, wherein a first
locating beam (2) associated with a first measured
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
last locating beam (4) at an end point (8),

and that the evaluation quantity (Q(i, J)) 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
determined using said evaluation quantity (Q(1i,
j)), wherein 1its associated target parameters can
be displayed as the best solution, and

a display unit (34) that 1s designed so as to
graphically display on a display device (38),
during each processing cycle, the target parameters
of all or a plurality of the target tracks (Z(i,
j)) wusing a plurality of diagrams of a quality

measure (Q* (i, J)) arising from the evaluation
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quantity (Q(i, 3J)) against the target course
and/or against the target speed and/or the target
range, and/or

to determine future target positions of the target
for all or a plurality of target tracks (Z(i, 7J))
and to graphically and/or numerically display on a
display device (38) a solution space containing the
possible target ©parameters, which comprises an
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) .

The device according to claim 8,

characterized by

a data acquisition module that is designed so as to
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 wvalues,

a data acquisition of reliabilities of the possible
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)
(29) with (a) respective associated weighting

factor(s).

The device according to any of claims 8 to 9,
characterized by

a frequency analysis circuit (36) that is designed
to subject the reception signals (21) of the
arrangement to a frequency analysis, especially a
Lofar analysis or a Demon analysis, wherein the
frequency of at least one spectral 1line can be
determined as the reception frequency (Fupeas) for at

least one bearing angle,
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a design of the target track determination unit
(30) such that a frequency difference of the
reception frequency (Fpeas) and an estimated Doppler
frequency (Fest) for each bearing angle can be
determined, wherein the estimated Doppler frequency
(Fest) can be determined from an estimated
transmission frequency (Fsest) emitted by the target
and a Doppler shift,

as well as by the evaluation quantity (Q(i, 7J))
being able to be determined for one or a plurality
of target tracks (Z(i, Jj)) from the bearing angle
difference, the frequency differences and at least
one support value (29), especially a frequency

support value (Fgyp) .

The device according to any of claims 8 to 10,
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(i, 3J)), or a variable
derived from the evaluation quantity, can Dbe
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,

can be delivered.
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